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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 refl ect 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.  
•   I  expect  my 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.  
•   I  expect  the staff to know the complication rates in their hospital and put in 

place ways to reduce them.  
•   I  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.  

   Foreword   
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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.  

•   I  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.  

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

•   I  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.  

•   I  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.  

•   I  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 benefi ts 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 exemplifi es 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 fi nd 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
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 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 diffi culty 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 justifi ed 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 signifi cant 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 verifi cation 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 stratifi cation. 

 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 
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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 benefi ts 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 
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  1      Introduction 

           Paul     R.     Barach      ,     Jeffrey     P.     Jacobs      ,     Peter     C.     Laussen      , 
and     Steven     E.     Lipshultz     

   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 defi nitions 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 fi rst 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 fi elds of pediatric cardiology and cardiac 
surgery have grown and developed faster than 
most other fi elds 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 

Database of the Society of Thoracic Surgeons 
(85 centers from the United States and Canada) 
[ 3 ,  4 ]. Across the world, mortality fi gures 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 diffi cult 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 
E1 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 fi rst 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 
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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 fi elds 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 fi rst place [ 2 ]. 

 Although the fi eld 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 fi eld 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 fi eld 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 specifi c 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-specifi c 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 fi eld. 

 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 fi eld, 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  
•   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 infl uence 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 
Infi rmary [ 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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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 fl aws that set up good 
people to fail [ 13 ]. People often fi nd ways of 
 getting around processes which seem to be 
unnecessary or which impede the workfl ow 
(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 fi ndings 
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 infl uenced by 

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 ]:
•    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 fi eld 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 ineffi ciency. 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 

Outcome
measurement
and monitoring

Process optimization
and standardization

Responsibilities and
accountability

Organizational
culture

  Fig. 1.1    High reliability organizations and their organiza-
tional culture (Reproduced with permission from Berg [ 23 ])       
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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 effi ciency, 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 fi eld 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 scientifi c 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 scientifi c 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 
fi nancial 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 fi eld 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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        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 infl u-
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 fi t 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 fl y 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 
fi nd 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—less 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.  

    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 defi ne 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 fi eld of pediatric cardiac surgery. 

 We’ve chosen surgery as an anchor for two rea-
sons: fi rst, 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 
fi eld. We surveyed the members of these two 
organizations as  surrogates  for the type of indi-
vidual who has proven success in our fi eld. We 
could not identify, at this time, a comparable, 
well-defi ned 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 

R.M. Ungerleider et al.



11

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 refl ected by numerous “free 
fi eld” 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” fi eld 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 fi nally left ventricle). All 
of this was done to a background of sound. As the 
lub-dub of the heartbeat infl uenced 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 fi eld (Denton Cooley called the 
heart lung machine the “can opener for the largest 
picnic thoracic surgeons will ever know”) [ 6 ] and I 
was enraptured. 

   Of course, it is a natural for us to think of 
selection from our perspective in the fi eld, but it 
is not just we who select those whom we choose 
to train—it is also we (as a fi eld and as individu-
als) being selected by those who wish to follow 
our career path as one worth pursuing. (Ironically, 
training and mentoring refl ects this same dual-
ity—how many of us have learned from those we 
train, and how often do we fi nd 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 fi elds; and how we can best 
fulfi ll our roles as mentors for their future. 

 First, whom do we choose? How do we excite 
the imagination and begin to fan the fl ames of 
passion for those who want to share with us in 
our extraordinary fi eld? And how do we ensure 
that those whom we select will help take our fi eld 
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 certifi ed 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 fi elds 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 refl ect 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 benefi t 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 refl ects 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 

and USMLE scores, fi ne 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 signifi cant 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 ¾ (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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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 

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”) 

My grades in college placed me in:

80 %

60 %

40 %

20 %

0 %

Top 10 % of class
Top 20 % of class

Middle to 
slightly better

Middle to slightly below
Bottom 25 % of class

  Fig. 2.1    College grades for 
congenital heart surgeons 
who are now members of the 
CHSS (Congenital Heart 
Surgeons Society) or 
EACHS (European 
Association of Congenital 
Heart Surgeons)       
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strictly pass/fail)
Top 5 % of the class

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

  Fig. 2.2    Medical School 
grades and class rank for 
congenital heart surgeons 
who are now members of the 
CHSS or EACHS       
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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 

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 fi eld may not be able to cultivate the 
kind of excitement and allure—rapture—that 

50 %

My OVERALL performance in medical school (grades, test scores, evaluations) 
could be best characterized as:

40 %

30 %

20 %

10 %

0 %
Outstanding (top
5–10 % of class)

Excellent (top
25 % of class)

Above average (top
40 % of class)

Average (around
middle of class)

Below average (bottom
35 % of class)

  Fig. 2.3    Overall perfor-
mance rank in medical 
school for congenital heart 
surgeons who are now 
members of the CHSS or 
EACHS       
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During surgical
residency
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  Fig. 2.4    Time period when 
congenital heart surgeons 
who are now members of the 
CHSS or EACHS decided 
they wanted a career in 
congenital heart surgery       
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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-
fi ed applicants. The applicant pools to the current 
I-6 training programs demonstrate that there are 
still numerous qualifi ed applicants—in fact more 
than there are current spots to accommodate them 
[ 27 ]. The increased interest of outstanding and 

qualifi ed 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 fi eld. 
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 fi eld 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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selection into one or more specialty training fellow-
ships.. Recently, a combined pediatric and anesthe-
siology residency has been developed leading to 
certifi cation 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 identifi cation of the qualities that are con-
sistent with success in the fi eld 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 fi nd it fascinat-
ing that, on refl ection, 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.

Dexterity/
technical ability

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)

Creativity

Visual perception

Resilience

Intelligence

Other (please specify)

Leadership

Integrity

Compassion

Stamina

0 % 5 %

1.4 %

2.8 %

4.2 %

4.2 %

9.9 %

11.3 %

15.5 %

15.5 %

16.9 %

18.3 %

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       
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   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 fi eld. 

 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 

If  I 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 %

1.4 %

1.4 %

2.8 %

8.5 %

38.0 %

47.9 %

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       
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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 diffi cult 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 fi nd 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 signifi cant infl uence. 
Thus, exceptional candidates who could pos-
sibly be outstanding contributors to our fi eld 
might never have an opportunity to be selected, 
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  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       
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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 fi elds 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 fi eld 
better. With the signifi cant 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 fi eld 
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 fi eld 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 profi ciency 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 fi elds 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 fi elds 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 infl uenced 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 
ramifi cations on training have been enormous, 
particularly in certain fi elds (such as surgery or 
interventional cardiology) where hands-on expe-
rience is a vital component of excellence. 

 There are confl icting 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 
sacrifi cing 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 
certifi ed 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 infl u-
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 sacrifi ce 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 
fi rst 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, 

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, effi cient, 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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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 fi t 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 refl ect 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. 
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  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       
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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 

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 ]. 

I 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 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       
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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 
suffi cient) 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 
fi eld. 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 ,  38 – 40 ,  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 specifi c number and diversity of procedures, 
show evidence of having received both summative 
and formative education that is structured and spe-
cifi c to learning congenital heart surgery, and even-
tually (in order to become board certifi ed) 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 specifi c 
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 certifi cation (beyond general 
board certifi cation 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 certifi cation 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 
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children with complex heart disease for cardiac 
and non-cardiac procedures. However, at the 
present there is no sub-specialty certifi cation in 
cardiac anesthesiology although fellowship train-
ing is recognized. Further training in pediatric 
cardiac anesthesiology is available, although no 
certifi cation 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, refl ecting 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 fi elds). 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 

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 suffi cient to enable attainment of expertise—
that takes sustained practice. 

 Defi ning stages or levels of competency may 
be helpful. Competency is the ability to perform 

After my training, I believe it took me____years to become a competent pediatric
heart surgeon
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  Fig. 2.10    Length of time 
after formal training that it 
took for members of the 
CHSS and EACHS to feel 
“competent”       
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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 fi ve stages of adult skill acquisition have 
been applied: novice, entering training; advanced 
beginner, at the end of fi rst year of training; com-
petent, at the conclusion of training; profi cient, 
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 profi ciency 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 infl uential 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 fi eld. But, only if we 
fi nd a way to invite them to learn. Which means 
we have to fi nd 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) 

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 diffi culties [ 42 ]. (No 
wonder many of our surgical experts indicated 
resilience as the quality that was most important 

R.M. Ungerleider et al.



27

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 fi fth 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 fi nished 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 fi rst 

choice was described as a more diffi cult 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 fi nd a 
way to rationalize why I didn’t offer it. Fortunately, 
at the time I was also learning about fi xed vs. 
growth mindsets [ 76 ] and beginning to understand 
how to fi nd 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 
benefi ts 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 fi fth graders yet another test. This test 
was designed to be extremely diffi cult—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 fi gur-
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 
diffi cult 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 fi gure out how to do better. 

 The fi nal round of tests was the same diffi culty 
level as the initial test. Nevertheless, students who 
had been praised for their efforts exhibited signifi -
cant improvement, raising their average score by 

30 %. Because these kids were willing to chal-
lenge themselves, even if it meant failing at fi rst, 
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 fi ring 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 
fi ring, 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 
suffi cient. Research is clear that the training 
needs to be specifi c, 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 fi re 
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optimally, you must by defi nition fi re the circuit 
suboptimally; you must make mistakes and pay 
attention to those mistakes; you must teach your 
circuit. You must also keep fi ring 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 
benefi t 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 diffi cult 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 fi fth 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 fi rst 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-
fi cult 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-
fi ciency by permitting discussion, evaluation, and 
debriefi ng 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 refl ective 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 fi rst 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 (fi nancial, 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. 

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 refl ects extraordinary 
and  primal  leadership [ 97 ]. Although there are 
certainly important similarities between lead-
ership and mentoring (and some individuals in 
our fi eld 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 
infl uence 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 infl uenc-
ing one or more followers, whereas mentoring 
usually involves one mentor and one protégé 1  (or 
mentee). Leadership may utilize a more formal, 
overt, and direct infl uence process, while mentor-
ing may create a more informal, subtle, and indi-
rect process of infl uence [ 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 

1   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 infl uence, 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-effi cacy. In order to provide these psycho-
social benefi ts, successful mentors provide role 
modeling, acceptance and confi rmation, 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 specifi c 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 fl exible, 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 “benefi ts to the 
mentee can be so valuable that identifi cation with 
a mentor should be considered a major develop-
mental task of the early career” [ 127 ]. These ben-
efi ts include development of professional skills, 
enhancement of confi dence 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 

 signifi cant 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 benefi t 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 confi dent with the competent best parts of 
who we are and what we can offer) and fi nally 
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 fi nd 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 infl uence 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 fi nd infl uence 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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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 signifi cant. 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 

My primary mentor(s) have been (rank according to following scale): 1 = Very little influence
2 = Some influence 3 = Major and significant influence 
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  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       

 

R.M. Ungerleider et al.



33

less valuable in my training: He was known for his 
“let me have it!!!”… “suck!!!”… “don’t!!!”…
“gently, gently!!!”…“careful!!!” uttered in a rather 
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, 

imagination and willingness to take risks (will-
ingness to learn). In this sense, our education to 
competence (and beyond) requires mentoring to 
fi ll 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 

I 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 I can tell stories of when i observed this 
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Present focused
Big picture orientation

Past awareness
Clear communicator

Spatial perception
Strategic thinking
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Pattern recognition
Perspective taking

Compassion
Future focused
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Empathy
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Self-awareness
Good with math
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  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 

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       
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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 infl uence 
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 

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 I 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 fi nd 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 fl ight. 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 fi eld continue to thrive, or will it 
 languish? It is, after all, in our hands.     
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        A History of Quality Improvement 

 Continuous quality improvement (CQI) is both a 
management philosophy and a management 
method. It offers an approach, a set of tools, and 
a way of thinking about how to more effectively 
assess and study clinical fl ow and operations to 
achieve better results for patients, providers and 
healthcare delivery  systems [ 1 ]. 
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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 fi nd fi ve 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.  

  Keywords  

  Continuous quality improvement   •   Patient safety   •   Pediatric cardiac surgery   • 
  Process mapping   •   Control chart   •   Check list   •   Run charts   •   Fishbone diagrams  
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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  

•   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 infl u-
ence between manufacturing and healthcare 
were spurred during the 1990s by the increasing 

 awareness that healthcare was lagging behind 
other industries in providing poor and uneven 
value. This highlighted the need to focus on 
reducing waste, ineffi ciencies, 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 infl uencing 
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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    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 
 specifi c 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?    

  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. 

 Improvement collaboratives 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 fi rst uses of collaboratives was the 
Northern New England Cardiovascular Disease 

Act
Determine what
changes are to
be made

Plan
Change
or test

Do
Carry out
the plan

Study
Summarize
what was
learned

  Fig. 3.1    The plan-do-study-act cycle (Adapted from 
Langley et al. [ 6 ])       
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Change
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Do
Carry out
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  Fig. 3.2    The Model for Improvement, which incorporates 
the plan-do-study-act cycle (Adapted from Langley et al. [ 6 ])       
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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] 
signifi cant 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 fi bro-
sis, to heart failure, to trauma care [ 12 ,  13 ]. 
However, collaboratives are expensive and their 
results are diffi cult 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 defi ning 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 defi ned, Six Sigma ana-
lyzes each through the DMAIC methodology 
(Defi ne, 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 defi ned 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 

 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 modifi ed 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. Modifi ed checklists 
created by other institutions can also be  downloaded 
(  http://www.who.int/patientsafety/safesurgery/
checklist/en/).     [ 26 ] Modifying checklists to fi t 
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 fl owchart 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 ineffi ciencies (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,” “fi shbone 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 fi ve 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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  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 i13. Used with permission)           
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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:
•    Display data to make process performance 

visible  
•   Determine whether tested changes improve 

the process or endpoints  
•   Determine whether the changes are lasting  

•   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 defi ne two types of varia-
tion in a process. Briefl y, “common cause variation” 
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is the usual, historical, quantifi able 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 fl uctuations 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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   Table 3.1    Results of a root cause analysis of process variation of cardiac surgery   

 Theme  Issues identifi ed 

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

 Post CABG complications 
 Postoperative sepsis 
 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  Diffi culty 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 ]  

 

3 Improving Pediatric Cardiac Care with Continuous Quality Improvement Methods and Tools



48

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. 

 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 diffi cult 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 
scientifi c evidence [1]. The relative paucity of patients with complex CHD 
and the variation in their anatomy and physiology has made it diffi cult to 
perform rigorous studies defi ning 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 fi rst 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 fi brosis [ 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 

data between centers and identifi ed 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 defi nitions 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 fi nal 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 
(QI) 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 Certifi cation (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 certifi cation.   

    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 certifi cation 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; defi ned suffi cient 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 % [ 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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experience signifi cant morbidities, including poor 
feeding, chronic cyanosis, recurrent laryngeal or 
phrenic nerve injury, delayed growth and develop-
ment and long-term mental defi ciencies. 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 identifi ed through the study of children 
with HLHS would be generalizable to infants with 
other types of congenital heart disease. 

 We defi ned 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 

The National Pediatric Cardiology Quality Improvement Collaborative

Key Drivers

Aim

Effective Care Transition

Achieve adequate growth

Engage Parents

Care Coordination among
parents, cardiology and PCP

medical home

Measure

Measure

Measure

100% Complete care plan at
D/C communicated to PCP &
Cardiologist*

Weight for length achievement

100% Complete Clinic Visit
communicated to PCP &
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

Imporve survival and
optimize quality of life
in infants between
discharge after Stage 1
Norwood and
admission for
Bidirectional Glenn

Goals (by June 30, 2014)

Measures

•    Reduce mortality by 50%

Caregiver Preparation while Infant is Hospitalized

Transition from Inpatient Care to Outpatient Clinical Teams

Transition from Inpatient and Clinical Settings to Home

•    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

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

•    Provide parents/caregiver with culturally and language appropriate written (Red Flag) action plan
     induding:

•    Establish coilaborative engagement of all Care Team members (family, Cardiologist, PCP/Medical
     Home, Home Health et al)

•    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

•    Establish Clinic communication process to proactively follow up, support and reinforce Red Flag
     action paln with Care Team members as needed

•    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)

•    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

•    Continue Care Transition Strategies established at Care Transition outined above
•    Use Interstage surveillance of cardiovascular status (e.g. daily O2 sat, daily weight, caloric intake)

•    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

•    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

-   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

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

•    Reduce readmissions from
     major events by 50%

•    0% patients experience
     growth failure

Change Strategies

Revised July 2013
KEY DRIVER DIAGRAM

  Fig. 4.1    NPC-QIC key driver diagram       
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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 defi ned 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 identifi ed helping to address and correct the 
variation in care processes.

  Fig. 4.2    NPC-QIC outcome 
measures         

1. Mortality
Percent of patients who died out of
all patients who died, had a glenn or heart transplant
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        Team Recruitment 

 An initial group of six teams from clinical sites 
that perform stage 1 Norwood palliation were 
used to pilot test the data collection forms. 
A secure electronic database (REDCap) using a 
web-based interface was created for data collec-
tion. The sites collected visit-specifi c informa-
tion at the individual patient level from stage 1 
and stage 2 hospitalizations, interstage clinic visits 

and any interstage readmissions. This informa-
tion included data regarding care processes as 
well as clinical outcome data. After the pilot test-
ing with the initial six teams, all sites were invited 
to participate through an invitation circulated 
through the American Academy of Pediatrics 
Section on Cardiology and Cardiac Surgery, as 
well as multiple presentations at pediatric cardi-
ology meetings. The data forms have been 
reviewed, updated, and revised at regular  intervals 

50

40

30

20

10

0

20

15

10

100

80

60

40

20

0

20
10

Q1(
n=

30
)

20
10

Q2(
n=

34
)

20
11

Q2(
n=

52
)

20
10

Q3(
n=

47
)

20
11

Q3(
n=

45
)

20
10

Q4(
n=

35
)

20
11

Q4(
n=

37
)

20
11

Q1(
n=

49
)

20
12

Q2(
n=

61
)

20
12

Q3(
n=

56
)

20
12

Q4(
n=

54
)

20
12

Q1(
n=

56
)

20
13

Q2(
n=

26
)

20
13

Q1(
n=

61
)

5

0

4. Major Event Readmission G-Chart

Number of patients reaching glenn between each major event
readmission.

6. Weight for Length G-Chart
Number of successes between each failure. Failure defined by
decreasing 2 or more percentile bands during interstage

5. Average Daily Weight
Patients with at least minimum age-appropriate weight gain at
glenn

1/
4/

10

4/
4/

10

7/
4/

10

10
/4

/1
0

1/
4/

11

4/
4/

11

7/
4/

11

10
/4

/1
1

1/
4/

12

10
/4

/1
2

1/
4/

13

4/
4/

13

4/
4/

12

7/
4/

12

1/
13

/1
0

4/
13

/1
0

7/
13

/1
0

10
/1

3/
10

1/
13

/1
1

4/
13

/1
1

7/
13

/1
1

10
/1

3/
11

1/
13

/1
2

10
/1

3/
12

1/
13

/1
3

4/
13

/1
2

7/
13

/1
2

FIg. 4.2 (continued)

J.B. Anderson et al.



57

to ensure accuracy and usability. In the fi rst 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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  Fig. 4.3    Growth of number of NPC-QIC sites over time       
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video about discharge planning, ‘red fl ag’ 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 fi ndings 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 signifi cant 
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 identifi ed signifi cant variation in out-
comes among the NPC-QIC centers [ 49 ]. This 
analysis determined that there were specifi c 
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 signifi cantly better interstage infant 
growth. This growth bundle included: (1) 
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  Fig. 4.5    NPC-QIC 
discharge and clinic visit 
process measures                 
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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) Specifi c weight change “red fl ags” 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, fi ve parents, a QI 

liaison, and three members with business exper-
tise. Current fi nancial 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 signifi cant 
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 signifi cant 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 
signifi cant 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, defi ne more precise met-
rics, and identify strategies that result in improved 
outcomes.   

    Conclusions 

 The National Pediatric Cardiology Quality 
Improvement Collaborative (NPC-QIC) is the 
fi rst 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, exemplifi ed 
by NPCQIC’s collaborative effort, is vital to 
the fi eld of pediatric cardiology, and for other 
clinical fi elds which care for patients with 
rare disorders [ 53 ].     
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  5      Teams, Team Training, 
and the Role of Simulation 

              Paul     R.     Barach       and     Peter     H.     Cosman     

    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 signifi cant 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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        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 defi cient in a number of differ-
ent ways (Table  5.1 ), and multiple defi ciencies 
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 ]. Defi ciencies in com-
munication and teamwork have long been cited 
as a frequent contributor to adverse events [ 2 ]. 
Conversely, team training and debriefi ng have 
been shown to reduce mortality by 18 % [ 3 ]. 
Precise estimates of the extent of the problem 
are diffi cult to make, given defi nitional 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 refl ective learning, authentic com-
munication, rehearsal, debriefi ng, simulation and 
videotape-based analysis. 

    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, ineffi cient, 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 defi ned period of time and space, 

   Table 5.1    Problems and pitfalls in surgical teams   

 Diffi culties coordinating confl icting 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 
 Confl icting 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” 

  Modifi ed from Schull et al. [ 17 ] and others  

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   •   Debriefi ng   • 
  Simulation   •   Expert performance model   •   Patient safety  
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who must respond fl exibly 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 

    What Is 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 ] 
defi ned 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 

that teams must have a specifi c 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 fi ve 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 
specifi ed 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 fi rst 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 Confl ict 
 Confl icts among members are inevitable in every 
team, and many experts believe that confl ict  and 
its successful resolution , is essential to attaining 
maximal team performance [ 17 ,  20 ]. Without 
resolving these confl icts, 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 confl icts. However, doing so may sew 
the seeds of impaired team performance when 
the next challenge arises. There are four primary 
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confl icts 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 confl ict 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 effi cient, and leading to 
more rapid resuscitation, this kind of horizontal 
structure requires team coordination, leadership, 
and organizational structure [ 27 ]. Studies in 

advanced trauma units have highlighted the dif-
fi culties of attaining effective teamwork, noting 
team breakdowns under dynamic and distracting 
conditions. Cardiac surgical teams typically con-
sist of fi ve 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-
cifi c surgical procedure) or be together for a 
short defi ned period (typically a month or so). 
Not infrequently, some team members are con-
sistent and well defi ned (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 specifi c group of individuals do not have the 
opportunity to work together and develop trust 
and shared mental models, as a fi xed 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 “fi xed” 
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 specifi c tasks such as the conduct of 
the primary and secondary surveys (Table  5.2 ).

   However, given suffi cient 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 signifi cant 
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 
defi nitive 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 

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 classifi cation of three personality 
types of team leaders: “right stuff,” “wrong stuff,” 
and “no stuff” (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 

   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, confi dence, 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 
refl ection. 

  Modifi ed from Cooper and Wakelam [ 27 ] and others  

   Table 5.3    Team leader personality types   

 “Right Stuff”  “Wrong Stuff”  “No Stuff” 

 Active  Authoritarian  Unassertive 
 Self-confi dent  Arrogant  Low self-confi dence 
 Interpersonal warmth/empathy  Limited warmth/empathy  Moderate warmth/empathy 
 Competitive  Impatient and irritable  Noncompetitive 
 Prefers challenging tasks  Prefers challenging tasks  Low desire for challenge 
 Strives for excellence  Strives for excellence  Doesn’t strive for excellence 

  Modifi ed from the work of Foushee and Helmreich [ 5 ]  
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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 
naïve individuals [ 36 ]. Highly experienced fi nan-
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-qualifi ed and less-experi-
enced professionals. Experts are typically identifi ed 
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 suffi cient fi delity to elicit the 
requisite expertise. Second, the antecedents of, 
and processes responsible for, superior perfor-
mance should be identifi ed using experimental 
manipulations and process tracing measures. 
Third, activities that lead to a performance 
improvement need to be identifi ed 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 

   Table 5.4    Themes and issues identifi ed from surgical adverse outcomes and their related Root Cause Analysis (RCA) 
investigations   

 Theme  Issues identifi ed 

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

 Post procedure complications 
 Infections 
 Hypothermia 

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

 Transfer of patients for surgery  Diffi culty in organizing an OR for surgery 
 Failure to handover information about patient acuity 

 The management of trauma  Coordination and response of trauma teams 
 Clinical decision making process for trauma patients 
 Coordination of care between multiple clinicians 

 Access to emergency operating room  Hemorrhage and emergency bleeding 
 Urgent orthopedic procedure 
 Urological complications requiring urgent OR 

 Missed diagnosis  Thoraco-lumbar fracture in a trauma patient 
 Sub arachnoid hemorrhage thought to be drug overdose 

 Unexpected procedural 
complications 

 Airway obstruction 
 Failed intubation 

 Sentinel events  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  
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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., fl ight 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 specifi c 
situation with appropriate pre-programmed, pat-
terned responses. Choosing the fi rst 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 specifi c psychologic traits (e.g., 
self-confi dence, 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, 
fl exibility 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 refi ned 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 

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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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 ).

   There is an ongoing argument in the literature 
that team  process  and  outcomes  must be distin-
guished [ 47 ]. Processes are defi ned 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 defi ne 

 Performance shaping factor  Example 

 Individual factors  Clinical knowledge, skills, and abilities 
 Cognitive biases  
 Risk preference 
 State of health 
 Fatigue (including sleep deprivation, circadian) 

 Task factors  Task distribution 
 Task demands 
 Workload 
 Job burnout 
 Shiftwork 

 Team/communication  Teamwork/team dynamics 
 Interpersonal communication (clinician–clinician and 
clinician – patient) 
 Interpersonal infl uence 
 Groupthink 

 Environment of care  Noise 
 Lighting 
 Temperature and humidity 
 Motion and vibration 
 Physical constraints (e.g., crowding) 
 Distractions 

 Equipment/tools  Device usability 
 Alarms and warnings 
 Automation 
 Maintenance and obsolescence 
 Protective gear 

 Organizational/cultural  Production pressure 
 Culture of safety (vs. effi ciency) 
 Policies Procedures Documentation requirements 
 Staffi ng Cross coverage 
 Hierarchical structure 
 Reimbursement policies 
 Training programs 

  Table 5.5    Performance 
shaping factors affecting 
surgical care  
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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 specifi c 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 refl ection and evaluation of their team 
performance including debriefi ng 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-defi ned 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 defi ciencies. In other words, 
it is not enough that a simulation captures perfor-

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 
et al. in the late 1980s [ 51 ], videotaping and review 
of resuscitations has become a standard quality 
assurance method for many trauma centers. 
Subsequent work has confi rmed benefi ts 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, confi dentiality, 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 

   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? 
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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 refl ect 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-fi delity 
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 profi cient before treating 
patients [ 59 ]. The fi delity 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 specifi ca-
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-

mance, and are not specifi cally 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 fl ight, military operations, nuclear and 
hydroelectric power generation, ground and sea 
transportation, and chemical process control [ 64 ]. 

 There are many benefi ts 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 

   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 confl ict 

  Adapted from [ 62 ,  65 ]  
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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 signifi cant 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, confi dence, com-
munication and workfl ow. Rehearsal is considered 
the practice of technical and non- technical skills 
specifi c to a procedure, while warm-up is defi ned 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 specifi c to a procedure, when 
undertaken immediately prior to the task being per-
formed. For example, the use of a high-fi delity 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- fi delity 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 profi ciency [ 73 – 75 ].   

    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-fi delity 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, fi nancial, 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 specifi c 
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 specifi c 
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 debriefi ng, and a post training evaluation of 
both the trainee and the training experience. The 
debriefi ng is the most important experience, espe-
cially when doing multidisciplinary team training 
[ 79 ]. Debriefi ng 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 specifi c 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 defi ne the essential 
components of the microsystem, which include 
clinicians, patients, and support staff; information 
and technology; and specifi c 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 

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 
defi ned 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 identifi ed 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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       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 briefi ng 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 

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 

   Table 5.8    Ten dimensions of clinical microsystems   

  1. Leadership 
  2. Organizational support of clinicians 
  3. Staff focus 
  4. Education and training 
  5. Interdependence of team members 
  6. Patient focus 
  7. Community and market focus 

  8. Performance results 
  9. Process improvement 
 10. Information and information technology 
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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?  

•   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 1  

 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 

1   This section is based on references [ 4 ,   32 ,   48 ,  
 101 – 105 ]. 

and Quality (AHRQ) to integrate  teamwork into 
practice. It is designed to improve the quality, safety, 
and the effi ciency 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,  To 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 diffi cult to directly train 
the skill of adaptability/fl exibility, 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 effi ciently 
and effectively [ 48 ]. Combined, these skills can 
yield a highly adaptable and fl exible team. 

 To develop the TeamSTEPPS instructional 
model, teamwork competencies from the litera-
ture were classifi ed 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-
fi ciency 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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   The curriculum includes modules on Leadership, 
Situation monitoring, Mutual support, and most 
importantly, Communication [ 103 ]. Emphasis is 
placed on defi ning team skills, demonstrating the 
tools and strategies team members can use to gain 
profi ciency in the competencies/skills, and identifi ca-
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 

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 identifi es 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-
cifi c 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 

Performance

Leadership

Situation
monitoringCommunication

Mutual
support

Skills
Knowledge Attitudes

  Fig. 5.1    TeamSTEPPS model       
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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 fi rst step to implementing a 
teamwork initiative [ 107 ]. 

 A fi nal 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, staffi ng 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 II: 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 specifi c designees) complete a 2½-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-specifi c sce-
narios appropriate to their units or departments. 
Peer and instructor feedback serves to reinforce 
understanding of the content, along with refi ne-
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 specifi c units or depart-
ments, or selection of individual tools introduced 
at specifi c intervals (a dosing strategy). As long 
as the primary learning objectives are maintained, 
the TeamSTEPPS materials are extremely 
adaptable.  

Barriers Outcomes
Tools and
Strategies

•  Inconsistency in team
   membership
•  Lack of time
•  Lack of information sharing
•  Hierarchy
•  Defensiveness
•  Conventional thinking
•  Complacency
•  Varying communication
   Styles
•  Conflict
•  Lack of coordination and
   follow-up with co-workers
•  Distractions
•  Fatigue
•  Workload
•  Misinterpretation of cues
•  Lack of role clairty

•  Brief
•  Huddle
•  Debrief
•  STEP
•  Cross monitoring
•  Feedback
•  Advocacy and assertion
•  Two-challenge rule
•  CUS
•  DESC Script
•  Collaboration
•  SBAR
•  Call-out
•  Check-back
•  Handoff

•  Shared mental model
•  Adaptability
•  Team orientation
•  Mutual trust
•  Team performance
•  Patient safety!!

  Fig. 5.2    TeamSTEPPS™ Curriculum       

 

P.R. Barach and P.H. Cosman



85

    Phase III: 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 specifi ed teamwork skills 

were lacking. Ensure that the scenario includes 
events that trigger trainees to perform the spe-
cifi c 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 classifi cation tools 
and adjust them to fi t 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 defi nition 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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    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 certifi cation 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 specifi ed 
task does not automatically ensure that they 

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 

  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 ‘fl y on the wall’ 
during the operation and not become 
involved in the clinical team’s work.    
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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 specifi c 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 
nurses together in a critical microsystem to deliver care at the “sharp end”. 
This group must coalesce to form a team and culture of collaboration in 
order to provide high quality and safe care. This team must be vested in 
using quality improvement and safety science to advance the care of patients 
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 

teams are skilled in closed-loop communication, 
which is, the exchange of clear information, 
acknowledgment of receipt of that information, 
and confi rmation 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 traffi c 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) specifi c 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 fi ve 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. Oversimplifi cation 
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 specifi c changes that need to be made 
[ 9 ]. The principle of  Sensitivity to Operations  
implies attending to what is happening on the 
front-line. It is specifi cally about seeing what is 
actually occurring, that is the ability to process on 
the fl y. 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 

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 refl ection 
of good team performance but a process warning 
that the system needs careful refl ection 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 fi nd credible and practical 
expertise and knowledge about the problem at 
hand. It is key to have fl attening of the authority 
gradient to allow for informed, dynamic and fl ex-
ible decision-making. Authority fl ows from trust, 
respect, experience, and a shared mental model 
of what is happening, what needs to happen and 
who best can make the diffi cult 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 
defi nes 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 defi nes 
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 defi ne “shared SA” as the degree to 

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 signifi cantly 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 confl icting 
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 identifi cation 
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 
identifi ed 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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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 confl icting 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 

colleagues a key goal of the ICU team is to create 
a shared mental model of the patients’ status. 
Similar to Brady and colleagues identifi cation 
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 
identifi ed-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 staffi ng) 
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  Fig. 6.1    Identify, mitigate, and escalate model illustrates 
which risk factors were systematically identifi ed and how 
standardized communication about risk occurs through-

out Cincinnati Children’s Hospital Medical Center.  
Reproduced with permission from  Pediatrics , Vol. 131, 
pages e298–e308, Copyright (c) 2013 by the AAP       
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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 

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.

  Fig. 6.2    Cincinnati Children’s Hospital Medical Center Heart Institute Inpatient Huddle Model         
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   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 specifi c 
mitigation plan for the identifi ed risks when con-
cluding the patient’s plan of care. Clear communi-
cation of a specifi c plan of care may enable timely 
interventions to reduce the possibility of severe 

Fig. 6.2 (continued)
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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 briefl y review the 
identifi ed 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 
signifi cant 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 refl ect 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 
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Patient Care
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Afternoon
Sign out
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Team Situation Awareness aims to predict, communicate concerns and plan
mitigation from huddle to each bedside. 
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  Fig. 6.3    Model of team 
situational awareness over 
a 24-hour period       
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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 infl uential 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 
specifi cations for the facilities, management 
systems, health IT systems, board certifi cation, 
and staffi ng ratios. Examples of structural 
measures include physician staffi ng, comput-
erized physician order entry, pharmacist 
 participation during rounds, rate of unplanned 
CICU readmission and cancelled OR cases.   

   2.     Process measures  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-
fi ed 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 identifi es 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 

team’s quality, but further investigation is neces-
sary to determine the factors that infl uence 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 fi eld 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, scientifi c 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 

Heart Association and American College of 
Physicians Task Force on Clinical Competence, 
board eligible/certifi ed 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 
profi ciency is needed in many aspects of critical 
care including mechanical ventilation, invasive 
procedures and management of multi-system 
organ failure [ 27 ]. While the skills specifi ed are 
largely inclusive of the care and knowledge 
needed to care for critically ill children with heart 
disease, specifi c 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 diffi culty in defi ning 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 specifi cally 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 III score. 

 Two validated surgical complexity-scoring sys-
tems include the RACHS-1 scoring system and the 
comprehensive Aristotle score, both developed 
specifi cally 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 × 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 refl ect 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 specifi c 
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 confi dence 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 

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 signifi cant 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 
suffi cient 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 effi cient 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 refl ect increased 
resiliency and safety infrastructure amongst 
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 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-
cifi c 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 effi cient 
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 fi eld of cardiac intensive care and 
highlights the expanding training models and 

 intensive care unit staffi ng as important issues 
[ 49 ]. The fi eld of pediatric cardiac intensive 
care faces similar issues. In order to maintain 
growth and support the capacity needed in the 
fi eld, 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 fi eld 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 benefi ts including improved 
trainee education and patient outcomes. As clini-
cal needs continue to grow, the importance of 
career fulfi llment, fi nancial constraints and job 
satisfaction must be addressed [ 52 ,  53 ]. Patient 
safety and clinical needs must be paramount 
when considering staffi ng; 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 fl oat-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, effi cient 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 benefi t 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 certifi cation 
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 benefi t 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 signifi cant 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 benefi ciaries 
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, effi cient, and equitable [ 5 ]. The IOM’s 
seminal report on patient safety,  To 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 refl ect 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 infl uence 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 

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  identifi ed fi ve 
core competencies to meet the needs of the 
twenty-fi rst century healthcare system, which 
span the various professions involved in health-
care [ 17 ]. The IOM competencies have been 
used to defi ne goals and objectives for pro-
fessional formation and development across 
a range of professions. They build on earlier 
efforts to defi ne 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 identifi ed 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, refl ection 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 defi ning 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 certifi cation 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 identifi cation of a clinical area or the care 
of a specifi c group of patients, with a focus on 
tailoring interventions to address gaps in qual-
ity and safety identifi ed 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 

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 defi ne 
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 fi rst 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 fi rst 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 

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, fi ve 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 fl ow 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 
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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 signifi cant change in 
participants’ behavior [ 70 ,  71 ]. A 2010 IOM 
report on redesigning continuing education in the 
health professions noted fl aws 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 
certifi cation 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 ]. 

 Initially, board certifi cation 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-certifi cation through 
repeat secure knowledge examinations. Over time 
all member boards gradually moved from life-time 
certifi cates to time-limited certifi cates 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 certifi cation has found a posi-
tive and statistically signifi cant association between 
specialty board certifi cation and greater compliance 
with recommended treatments and improved out-
comes. Certifi cation for internists is associated with 
improved patient care [ 77 ], and prevention of medi-
cal errors [ 78 ]. Examples from the surgical fi eld 
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 certifi cation 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 fi rst 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 Certifi cation® (MOC) framework 
became offi cial 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 specifi ed amount of 
CME or acquisition of specialty specifi c 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 specifi c 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 IV 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 signifi cant 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 IHI Open School modules are suitable for 
use across difference health professions [ 31 ],  

and many of the quality improvement efforts 
approved for MOC Part 4 credit involve inter-
disciplinary care teams [ 74 ].   

    Barriers and Facilitators 
to QI 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-specifi c educational “silos” that con-
fl ict 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 fi rst 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 fi nal 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 infl uenced 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 infl uences 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 fi ve 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 fi nal 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 fi rst 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-
fi ts 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 benefi t 
[ 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 effi ciency 
[ 119 ]. 

 Research on the outcomes of medical educa-
tion has consistently found that involvement in 
QI benefi tted 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 effi cacy 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 
profi ciency 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 
confi dence 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 ]. 

Despite these benefi cial 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 diffi cult 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-profi le 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- profi le, 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 identifi cation 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 diffi culty 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 scientifi c value of protocols 
also are being adapted to QI interventions [ 158 ].  

    Areas for Future Research 

 The work of improving care has benefi tted from 
research and scholarship by dedicated experts. 
There is a growing fi eld 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 “fi t” 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 benefi ts 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 benefi ts 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 ]. Benefi ts 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 refi ned, 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,” 
defi ned 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 
medical education 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 signifi cant 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-
specifi c 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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        Introduction 

 Pediatric cardiac surgery is a high-risk fi eld that 
depends on safe practices, continuous research 
into improvement of outcomes and measurement 
of quality [ 1 ]. However, the defi nition 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 signifi cantly 
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 fi elds. 
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 specifi c 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 

specifi c 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 identifi ed 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 

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 infl uence 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  
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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 fi ndings were then con-
fi rmed 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 
signifi cant 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 
benefi ted 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 
specifi cally 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 signifi cantly 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 

to high- volume hospitals, or, mortality was 
decreased to 4.60 % when only high-risk cases 
were referred. They identifi ed 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 signifi cant inverse 
relationship between caseload and death in pedi-
atric cardiac surgery has been consistent in fi ve 
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 signifi cantly 
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 fi ndings 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. fi rst 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 infl ection point between 200 and 300 cases per 
year. This study also proved for the fi rst 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 signifi cantly worse those 
with more than 350 cases per year, especially for 
diffi cult operations (Aristotle technical diffi culty 
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. confi rmed 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. 

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. fi rst 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 
diffi cult operations (Aristotle technical diffi culty 
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 signifi cantly 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 confi rmed 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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    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-
nifi cantly 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 

the Norwood procedure in this study by Karamlou 
et al. was not confi rmed in following studies that 
specifi cally 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 signifi cant 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 specifi cally 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. 8.1    Association between surgical volume and risk- 
adjusted mortality by Aristotle diffi culty: ( a ) low 
 diffi culty, ≤3 (P = 0.059); ( b ) high diffi culty,>3 (P = 0.007) 

(Reprinted from Welke et al. [ 18 ], copyright 2009 with 
permission from Elsevier)       
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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 confi rmed this 
signifi cant 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 

 characteristics, a lower Norwood center volume 
remained modestly but signifi cantly 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 signifi cantly 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 

8

6

4

2

Annual Case Volume

Norwood Operations

200 400 600 800

O
dd

s 
R

at
io

 fo
r 

M
or

ta
lit

y

  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)       
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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-specifi c 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 specifi c 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 signifi cantly 
higher mortality rates (8.77 %) than surgeons with 
surgical volumes more than 75 cases per year 
(5.90 %) [ 10 ]. But this result was not confi rmed by 
2 subsequent studies that addressed this issue in the 
specifi c 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. 

 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 0–5 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 
signifi cant 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 signifi cant between-center variability persisted 
after adjusting for this factor (P < 0.001). This 
fi nding was confi rmed 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 signifi cantly 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-specifi c variation in outcomes after pedi-
atric cardiac surgery is only partially explained 
by operative volume and that other factors have 
yet to be clearly identifi ed.   

    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 

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 signifi cant 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-specifi c 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 specifi c 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 debriefi ng 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 fi eld 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 affi liation 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 fi nancially 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 fi eld 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 signifi cant 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-specifi c 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 

8 Surgical Volume and Outcome Relationship in Pediatric Cardiac Surgery



132

that it ought to guide regional and national 
healthcare policies around centralization of 
complex pediatric cardiac surgery.     
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    Abstract  

  The Pediatric Perioperative Cardiac Arrest (POCA) Registry was one of the 
fi rst 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 signifi cant 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 
benefi t 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 fi rst 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 fi led 
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 insuffi ciently 
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 

as the Closed Claims Project yielded insuffi cient 
numbers of cases for robust analyses. Effi cient 
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 specifi cally 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 
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forms were sent to every participating  institution 
each year, occasionally with updated questions 
and data entry fi elds. 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 defi ned 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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  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)       
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submitted if certain  information regarding the 
arrest had yet to be clarifi ed, 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 fi rst report from the POCA Registry [ 6 ] con-
fi rmed 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 fi nding 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). 

Interestingly, the proportionate causes of arrest 
varied signifi cantly 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 fi gure 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 fi nding 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 % CI 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. 
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 The data from this fi rst 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 fi rst 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 fi rst 

report, as halothane use for pediatric anesthesia 
had declined substantially over time. Medication- 
related arrests decreased by approximately half 
between the fi rst and second report (Fig.  9.3 ) 
[ 14 ], with halothane-related arrests decreasing 
from 25 % of all anesthesia-related arrests in the 
fi rst 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 identifi able cardiovascu-
lar mechanisms of arrest identifi ed as hypovole-
mia from blood loss or complications from 
inappropriate fl uid 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 %).

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

 Source 
 Years 
represented  Sample size 

 No. of 
hospitals  Country 

 Perioperative 
CA rate a  

 Perioperative 
CA mortality b  

 Case 
fatality (%) c  

  Morray et al.  [ 6 ]   1994 – 1997    1 , 089 , 200    63    US / Canada    1.4    0.36    26  
 Kurth et al. [ 7 ]  2010–2013  736,365  19  US  3.27 d   1.06  32 
 van der Griend 
et al. [ 8 ] 

 2003–2008  101,885  1  Australia  NR  0.98  NR 

 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 et al. [ 12 ]  1989–1999  16,051  1  US (Nebraska)  1.9  0  0 
 Tay et al. [ 13 ]  1997–1999  10,000  1  Singapore  1 d   0  0 

   CA  cardiac arrest,  NR  none reported 
  a Anesthesia-related cardiac arrests/10,000 anesthetics 
  b Anesthesia-related deaths/10,000 anesthetics 
  c % of anesthesia-related cardiac arrests resulting in death 
  d Relationship to anesthesia not reported  

9 The Pediatric Perioperative Cardiac Arrest (POCA) Registry



140

   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 fl uid 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, 

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 fi rst 
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 fi nal 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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Children were classifi ed 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 specifi ed 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 stratifi cation 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 
fi nal 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 fi ndings 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 

   Table 9.2    Cardiac lesion surgical status and mortality   

 Cardiac lesion  No. of cases 

 Lesion surgical status a  

 Mortality died  Unrepaired  Palliated  Repaired 

 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  5 (36 %)  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 
  a Cases with unknown status excluded  
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 anonymous. The case reports had no physician, 
patient, or institutional identifi ers, 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 diffi cult 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 signifi cant 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 

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 fi ndings from the POCA Registry 
proved very useful to the fi eld 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 
defi nitions, careful registry construction, and sys-
tematic database verifi cation, 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 fl ourishing of the health infor-
mation technology sector making the capture 
and sharing of information easier, and federal 
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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 signifi cant 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.     

   References 

    1.    Beecher HK, Todd DP. A study of the deaths associ-
ated with anesthesia and surgery: based on a study of 
599, 548 anesthesias in ten institutions 1948–1952, 
inclusive. Ann Surg. 1954;140(1):2–35.  

     2.    Morray JP, Geiduschek JM, Caplan RA, Posner KL, Gild 
WM, Cheney FW. A comparison of pediatric and adult 
anesthesia closed malpractice claims. Anesthesiology. 
1993;78(3):461–7.  

    3.    Cheney FW, Posner K, Caplan RA, Ward RJ. Standard 
of care and anesthesia liability. JAMA. 1989;261(11):
1599–603.  

       4.    Posner KL, Geiduschek J, Haberkern CM, 
Ramamoorthy C, Hackel A, Morray JP. Unexpected 
cardiac arrest among children during surgery, a North 
American registry to elucidate the incidence and 
causes of anesthesia related cardiac arrest. Qual Saf 
Health Care. 2002;11(3):252–7.  

    5.    Cheney FW. The American Society of 
Anesthesiologists Closed Claims Project: what have 

we learned, how has it affected practice, and how will 
it affect practice in the future? Anesthesiology. 
1999;91(2):552–6.  

        6.    Morray JP, Geiduschek JM, Ramamoorthy C, 
Haberkern CM, Hackel A, Caplan RA, et al. 
Anesthesia-related cardiac arrest in children: initial 
fi ndings of the Pediatric Perioperative Cardiac Arrest 
(POCA) Registry. Anesthesiology. 2000;93(1):
6–14.  

     7.    Kurth CD, Tyler D, Heitmiller E, Tosone SR, Martin L, 
Deshpande JK. National Pediatric Anesthesia Safety 
Quality Improvement Program in the United States. 
Anesth Analg. 2014;119:112–21.  

    8.    van der Griend BF, Lister NA, McKenzie IM, Martin N, 
Ragg PG, Sheppard SJ, et al. Postoperative mortality in 
children after 101,885 anesthetics at a tertiary pediatric 
hospital. Anesth Analg. 2011;112(6):1440–7.  

    9.    Flick RP, Sprung J, Harrison TE, Gleich SJ, Schroeder 
DR, Hanson AC, et al. Perioperative cardiac arrests in 
children between 1988 and 2005 at a tertiary referral 
center: a study of 92,881 patients. Anesthesiology. 
2007;106(2):226–37.  

    10.    Murat I, Constant I, Maud’huy H. Perioperative 
anaesthetic morbidity in children: a database of 
24,165 anaesthetics over a 30-month period. Paediatr 
Anaesth. 2004;14(2):158–66.  

    11.    Ahmed A, Ali M, Khan M, Khan F. Perioperative car-
diac arrests in children at a university teaching hospi-
tal of a developing country over 15 years. Paediatr 
Anaesth. 2009;19(6):581–6.  

    12.    Newland MC, Ellis SJ, Lydiatt CA, Peters KR, 
Tinker JH, Romberger DJ, et al. Anesthetic-related 
cardiac arrest and its mortality: a report covering 
72,959 anesthetics over 10 years from a US teaching 
hospital. Anesthesiology. 2002;97(1):108–15.  

     13.    Tay CL, Tan GM, Ng SB. Critical incidents in paedi-
atric anaesthesia: an audit of 10 000 anaesthetics in 
Singapore. Paediatr Anaesth. 2001;11(6):711–8.  

         14.    Bhananker SM, Ramamoorthy C, Geiduschek JM, 
Posner KL, Domino KB, Haberkern CM, et al. 
Anesthesia-related cardiac arrest in children: update 
from the Pediatric Perioperative Cardiac Arrest 
Registry. Anesth Analg. 2007;105(2):344–50.  

      15.    Ramamoorthy C, Haberkern CM, Bhananker SM, 
Domino KB, Posner KL, Campos JS, et al. Anesthesia- 
related cardiac arrest in children with heart disease: data 
from the Pediatric Perioperative Cardiac Arrest (POCA) 
registry. Anesth Analg. 2010;110(5):1376–82.  

    16.    Steven JM. Congenital heart disease and anesthesia- 
related cardiac arrest: connecting the dots. Anesth 
Analg. 2010;110(5):1255–6.  

    17.   The Patient Safety and Quality Improvement Act of 
2005. Overview, June 2008. Rockville: Agency for 
Healthcare Research and Quality. Available from: 
  http://www.ahrq.gov/legacy/qual/psoact.htm    . 
Accessed 28 May 2013.      

9 The Pediatric Perioperative Cardiac Arrest (POCA) Registry

http://www.ahrq.gov/legacy/qual/psoact.htm


145P.R. Barach, J.P. Jacobs, S.E. Lipshultz, P.C. Laussen (eds.), 
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

        H.  A.   Wolfe ,  MD      (*) •    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   

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

           Heather     A.     Wolfe      ,     Robert     M.     Sutton      ,     Alexis     Topjian      , 
    Akira     Nishisaki      ,     Dana     E.     Niles      ,     Peter     A.     Meaney      , 
    Robert     A.     Berg      , and     Vinay     M.     Nadkarni     

    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 

    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, 8NE8566 , 
 Philadelphia ,  PA   19104 ,  USA   
 e-mail: bergra@email.chop.edu; 
nadkarni@email.chop.edu  

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

        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 amplifi ed 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-
tifi c 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 benefi ts 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-

lack of illness severity scores, risk-adjusted classifi cation 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.  

  Keywords  
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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 defi ned variables derived from the Utstein- 
style data reporting guidelines for cardiac arrest 
[ 16 ]. Data abstractors complete a certifi cation 
examination consisting of multiple-choice ques-
tions and a mock scenario covering operational 
defi nitions and criteria for inclusion and exclu-
sion. Case study methods are used to evaluate 
data abstraction, the accuracy of entries, and 
compliance with operational defi nitions 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 defi nitions have been 
generated for every data element. Each patient is 
assigned a unique code, and specifi c patient iden-
tifi ers 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 specifi c 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, scientifi c advisory board, and execu-
tive database steering committee.

   Multiple benefi ts 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-defi ned 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 
  2. Age 
  3. Born this Admission 
  4. Gender 
  5. Race 
  6. Hispanic Ethnicity 
  7. Weight 
  8. Residence Prior to System Entry 
  9.  Admission Adult and Pediatric Cerebral 

Performance Category 
 10. Newborn/Neonate Specifi c 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 

Defi brillation 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. Defi brillation 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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 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-identifi ed 
dataset to answer specifi c research questions. 
Strict standards and requirements exist for data 
requests from the registry and all requests are 

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 briefl y 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 
defi brillation 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 diffi cult decisions. In contrast to widely 
held beliefs that pediatric resuscitation is futile 
after 30 min [ 14 ], Matos et al. established that 

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 
  2. Pre-Event Data 
  3. Pre-Existing Conditions (Optional data element) 
  4. Interventions Already in Place at Time of Event 
  5. Event data 
  6. Immediate Cause Data 
  7. Ventilation Data 
  8. Other Interventions 
  9. 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 
 4. Team Activation Triggers 
 5. Drug Interventions 
 6. Non Drug Interventions (diagnostic and therapeutic) 
 7. Event Outcome 
  (a) Reason Event Ended 
  (b) Transfer Location 
 8. Review of MET Response 
  (a) Response Delays 
  (b) Equipment or Medication Delays 
  (c) Communication Issues 
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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 
stratifi cation 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 
fi rst defi brillation events during pediatric car-
diac arrest in order to identify appropriate 
 pediatric defi brillation dosage. Among 285 ven-
tricular fi brillation or pulseless ventricular 
tachycardia (VF/pVT) events in 266 children, 
defi brillation 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 

smaller series (57 defi brillation attempts). Dis-
appointingly, 4 J/kg was not superior to 2 J/kg in 
terms of rates of successful defi brillation or 
rates of survival [ 19 ]. The optimal defi brillation 
dosage in pediatrics still remains unknown. 

 In another GWTG-R registry, Phelan et al. 
showed that tracheal intubation during CPR was 
documented as confi rmed by capnography or an 
esophageal detector device in only 56.8 % of 
patients. Importantly, confi rmation 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, defi brillation, airway management 
and chest compression performance) were also 
associated with decreased survival from in- 
hospital cardiac arrest. [ 21 ] We have briefl y 
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 
classifi cation for Congenital Heart Surgery (e.g., 
RACHS-1) determined [ 22 ]. While there is spe-
cifi c event and patient level data, there is limited 
institutional specifi c 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 

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.     
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        Introduction 

 Normal growth and development for infants and 
children requires adequate nutrition. Nutrition 
affects somatic and neurodevelopmental growth 
as well. Nutrients required for normal growth 
and development include carbohydrates, fats, 
proteins, vitamins, minerals and water. During 
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    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 fi rst 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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 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 defi ned 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 5th − 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 defi ned 
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 suffi cient to 
allow for homeostasis but also provides the energy 
for rapid muscle and neural growth during the fi rst 
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 

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 refl ects 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 fi rst 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 fl uid restrictions, gastro-
esophageal refl ux, and oral feeding aversion [ 2 , 
 15 ,  16 ]. Physiologic problems may also adversely 
affect nutritional intake. Gastrointestinal mal-
absorption may occur in patients with high fi ll-
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 defi ned 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 defi cits include 
impairment in intelligence [ 25 ], language devel-
opment [ 26 ], visual construction and perception 
[ 27 ], gross and fi ne motor skills [ 28 ], and behav-
ioral adjustment [ 29 ]. Early growth failure in 
infancy is associated with later defi cits in intelli-
gence [ 30 ], fi ne and gross motor skills [ 31 ], and 
behavior adjustment [ 32 ]. This connection 
between early growth failure and later neurode-
velopmental defi cits in children with congenital 
heart disease is strongly suspected, but causality 
has not yet been established.  

    Nutritional Management 
in Congenital Heart Disease 

    Growth Monitoring 

 Close monitoring for feeding and growth prob-
lems is essential for early identifi cation 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 
fi rst 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 signifi cant 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 suffi cient 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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    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 

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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  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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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 fl uid but if not available a standard infant 
formula is an acceptable alternative. Advancement 
of feeds should be increased by 20 mL/kg/day to 

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

Are there
contraindications to 

enteral or oral feeding
pre-op?

Yes Yes

•  GI anatomic abnormality
•  Maxillofacial abnormality
•  Increasing abdominal
   girth
•  Guaiac positive stool
•  Excessive vomiting
•  Diarrhea
•  Signs/symptoms of NEC

•  Increased AVO2 difference
•  Low MVO2
•  High inotropic support
•  Tachypnea
•  Tachycardia
•  Capillary refill > 3 seconds
•  Elevated serum lactate

•  Human milk
•  Donor milk
•  Standard infant formula Safe use has been

demonstrated by
some centers, at
1–2ml/kg/hr, though
it remains controversialContinously evaluate for evidence of

    impaired systemic perfusion* and
    feeding intolerance

No

*The risk of impaired systemic
perfusion outweighs any potential
benefit of achieving full enteral
nutrition preoperatively.

GI Contraindications: Cardiac Contraindications*:

Initiate oral feeds:

Nasogastric Feeds:

  Fig. 11.2    Pre-operative enteral feeding protocol       
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    Potential Post-operative Feeding 
and Nutrition Diffi culties 

 Vocal cord injury is a common post-operative 
complication following congenital heart repairs 

involving aortic arch reconstruction, particu-
larly after the Norwood operation in infants 
with hypoplastic left heart syndrome and due 
to  prolonged intubation [ 43 ,  44 ]. Infants with 
vocal cord injury often have diffi culty feeding 

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.

  Fig. 11.3    Post operative Total Parental Nutrition Protocol (TPN)       
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and require speech therapy during its resolu-
tion [ 12 ]. Because of this common fi nding 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 
signifi cantly 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 

Are there
contraindications to

enteral or oral
feeding post-op?

GI Contraindications:
• GI anatomic abnormality
• Maxillofacial abnormality
• Increasing abdominal girth
• Guaiac positive stool
• Residuals
• Excessive vomiting
• Diarrhea
• Signs/symptoms of NEC

Cardiac Contraindications:
• Increased AVO2 difference
• Low MVO2
• High inotropic support
• Tachypnea
• Tachycardia
• Capillary refill > 3 seconds
• Elevated serum lactate

YesYes

No

Start continuous enteral feeds at 1 ml/kg/hr (25 ml/kg/day)
• Recommend Expressed Breast Milk
• Other options: Regular 20 kcal/oz formula or Pedialyte to

start, then change to formula
• Dietician evaluation

Continue TPN + IL at goal
(see figure 3)

• Increase feeds by 1 ml/kg/hr every 4–6 hours to goal of 
4 ml/kg/hr (100 ml/kg/day)

• Decrease TPN volume accordingly once tolerating 
40 ml/kg/day breast milk or formula

• Monitor for feeding intolerance and blood glucose

• Consider fortifying to 24 kcal/oz EBM/formula
• Continue increasing volume and caloric density to goal of

120–150 kcal/kg/day
• Consider transition to bolus feeds
• Turn off CNG x 2 hours, then give 3 hours volume over 

60 minutes

•
• Decrease bolus time
• Goal bolus time is 30 minutes

Feeding Intolerance?
Consider:
• Hold feeds for

1–4 hours
• Change caloric density
• Change rate
• Change method
• Pedialyte trial
• Maximize anti-reflux

regimen: Zantac, PPI
• Change formula
• Gastric motility agent
• Trial NJ feeding

evaluate for signs of
impaired systemic
perfusion i.e.
Low cardiac output,
CHF & feeding
intolerance

RD Evaluation

Continuously

Continue bolus feed severy 3 h

  Fig. 11.4    Post operative Enteral Feeding (EN)       
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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 fl uid consists of high levels of 
triglycerides, lymphocytes, and proteins including 

immunoglobulins and clotting factors [ 48 ]. Given 
the high nutrient content of the fl uid, 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 

  Fig. 11.5    Post operative oral feeding protocol       
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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 signifi cantly higher in those who develop 
NEC than those that do not [ 51 ]. Feeding intoler-
ance can be the fi rst 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 identifi cation 
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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 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 confi dence 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:

•    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  
•   Perform according to safety and quality 

 protocols, and,  
•   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;  

•   Inviting patient participation in decision- 
making, and respecting patients’ values and 
preferences;  

•   Involving family members and/or caregivers 
in decisions as needed and appropriate;  

•   Communicating clearly and honestly about 
available options, risks and benefi ts 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  
•   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 

Dr. Uro 1  is an experienced, busy, well-
regarded urological surgeon and a valuable 
member of the large medical group 
 affi liated with Celestial Medical Center. 
A patient has called Celestial’s Offi ce 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?

1   Dr. Uro and Dr. Uro’s group are hypothetical, an 
amalgam of actual CPPA experiences and 
situations. 
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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 defi ned, 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 fi ndings appear 
to generalize across disadvantaged, ethnically 
diverse, and medically indigent populations. 
Moreover, the fi ndings 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 confi dence 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-
fi dence 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 

data on systems and individual  professionals’ 
behavior/performance, participate in helping 
defi ne 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 “diffi cult” [ 52 ,  53 ]. An implication for 
practice is that organizations need strategies that 
affi rm 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 confi dent 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 defi nitions 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 identifi ed more than 90 characteristics [ 67 ] 
that patients may reasonably expect from medical 
professionals. Specifi c defi nitions aside [ 68 – 70 ], 
healthcare professionals, staff and patients alike 
know professionalism when we see it modeled, and 
when it is not [ 71 ]. 

 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 identifi es 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 specifi c visit [ 92 ];  
•   Is used within 48 hours to 6 weeks of the visit 

[ 93 ]; and  
•   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. 
Signifi cant 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    

    “Unsolicited” Patient Complaints 

 Unsolicited complaint narratives fi rst 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 specifi c real or perceived deviation from 
anticipated behavior, performance, and/or out-
come. Such complaints therefore offer important 
opportunities for specifi c, 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 fi nd the results are suf-
fi ciently robust for supporting action [ 98 – 101 ]. 
In contrast, our team and the same independent 
researchers have repeatedly found signifi cant, 
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 ]:

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:

•    “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.”  

•   “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…”   
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    1.    Moral motivation: Aims to “do the right thing”;   
   2.    Marketing motivation: Rebuilds patient/fam-

ily confi dence, 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 dissatisfi ed 
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 
profi les indicate high risk 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 

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 affi liated with Celestial Medical 
Center, and you rank second within your general 
fi eld of surgery.”). Feedback materials also include 
a “you-are-here” fi gure 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-identifi ed 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 refl ect 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 affi liated) only after Vanderbilt’s 
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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-affi liated pro-
fessionals with high PARS Risk Scores;   

   (b)    Two well-regarded Celestial-affi liated 
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;   

   Table 12.1    Distribution of types of patient complaints associated with Dr. Uro       
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   (b)    Policies and procedures: Celestial 
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);   

   (c)    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 fi rst 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 suffi cient 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 

consider  etiologies for patient complaints, 
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 offi cer, vice president of medi-
cal affairs) an opportunity to review the 
high risk physician’s data, refl ect upon 
other performance data, and then defi ne 
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.

       (d)    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 Offi ce of Patient Relations.       

Level 3 Disciplinary

intervention

Pattern
persists

No
Δ

Level 2 Guided
Intervention by Authority

Level 1 Awareness
intervention

Apparent
pattern

Single
unprofessional

incidents (merit?)

Informal Cup
of coffee

intervention

Vast majority of professionals - no issues -
provide feedback on progress

Mandated Reviews
MandatedEg

re
gi

ou
s

  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 
permission)       
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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 
Offi ce 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 fi nal approval, then 
described to the medical staff at group 
meetings and in Celestial’s print and online 
communications. All Offi ce 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 

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 fi delity 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 Qualifi ed for a PARS 
“Awareness” Intervention                   

Dr. Uro’s Risk Score was in the top 5 % of 
all Celestial-affi liated 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 debriefi ng report which included the 
messenger’s perception that Dr. Uro was 
frustrated by the data and felt the com-
plaints refl ected systems and leadership 
issues, not his shortcomings. The messen-
ger reported that Dr. Uro’s specifi c com-
ments included the following:
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•    Our 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.  

•   The Chair gets all over me to produce…
and see more patients and do more proce-
dures. It’s not me…it’s the poor support.  

•   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.  

•   And some of the patients are just 
unreasonable.   

Dr. Uro’s messenger reported to the 
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.

The Committee Chair notes that, in fact, 
several Celestial Medical Center urologists 
had Risk Scores above the PARS threshold 
that qualifi ed them for initial awareness 
interventions (Fig.  12.2 ). According to sev-
eral messengers’ debriefi ng reports of their 
meetings, other urologists receiving aware-
ness interventions cited similar system/
management issues, although several of 
these messengers added that the physicians 

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 
qualifi ed for awareness interventions. 

The Co-Chairs de-identifi ed 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 identifi ed) be shared with the 
Chief of Surgical Sciences and appropriate 
Celestial Medical Center leadership.

When the data were shared, the Medical 
Leadership:

•   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  

 –   Access and communication com-
plaints could be volume-related  

 –   Colleagues from other departments 
have mentioned a “tense environment”  

 –   Suggestions of jousting [ 69 ] with 
other departments and services  
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 –   The Chair of Urology had been 
appointed from the ‘ranks,’ several 
department members were long-
time colleagues, and the Chair 
appeared reluctant to hold them 
accountable. For example, the Chair 
was either unable or unwilling to 
address a long-time department 
colleague who exhibited abusive 
behavior towards junior staff and 
had three malpractice claims in the 
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.     

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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    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.    

    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-

•   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  

•   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 
“good” news to their previously identifi ed 
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.

The Department Chair agreed to meet with 
Dr. Uro, to affi rm 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 affi liated with a recog-
nized Physician Wellness Program. Dr. Uro 
underwent individual assessment at a Health 
Professional Assessment Program. Defi cits 
in team management skills and self aware-
ness/personal insight regarding impacts of 
interactions with others were identifi ed. 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.
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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. 

 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 “satisfi ed” boxes 
for the wrong reasons [ 90 ,  121 ,  122 ]. 

 Of course, many patient complaints do not 
signal safety lapses. After all, many might seem 
to refl ect 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 fi rst name.”) rather than specifi c, 
valid observations of negligence or unsafe prac-
tices (e.g., “The doctor fl ew 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 defi ne 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 Refl ections 
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 effi cient and effective?   

   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:
•     H ear the person’s concern(s)  
•    E mpathize with the person raising the issue  
•    A cknowledge, express Appreciation to the 

person for sharing, and Apologize when 
warranted  

•    R espond to the problem, setting timelines 
and expectations for follow-up  

•    D ocument expressed concerns and 
responses/resolutions (or  D elegate 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 dissatisfi ed in the 
fi rst 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 
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infl uence 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 
benefi cial 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 suffi cient . 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 specifi c requests 
(demands) of physicians, and overall patient 
satisfaction correlates with fulfi llment [ 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 

 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 ]   

   7.     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 dissatisfi ed 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, 
so 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 a commonly 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 fi rst offi cer on a 
British long-haul commercial airliner reported 
that they had both unintentionally – and simulta-
neously – fallen asleep mid-fl ight [ 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-σ level 1  – 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 traffi c 
control, for example – have also acquired 6-σ 
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 

1   For confusing reasons that relate to long-term process 
iteration models, 6σ 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 ~3.5σ in terms of patient mortal-
ity (about 3 %). 

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 gratifi cation for patients, and also 
makes for fantastic sensationalist journalism. 2  
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 fl aw 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 specifi c complications after a pro-
cedure, may refl ect 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 

2   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”. 

E.J. Hickey et al.



187

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 refl ection 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, diffi cult 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-
fi ed, 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 

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 fl ights 
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 signifi cant increase in the 
number of crews performing “poorly” [ 9 ], but 
also a signifi cant 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 signifi cantly 
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 fl ight seg-
ments. This is in contrast to crews performing 
poorly or with mid-profi ciency, where 5–10 % of 
utterances related to problem solving [ 10 ]. 
During both high- and low-intensity situations, 
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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 fl ying profi ciency; rather, good 
rudder and stick skills cannot overcome the 
adverse effects of poor communication.” 

    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 infl uences 
that increase the operational complexity of the 
planned procedure or journey [ 6 ]. They are the 
risk factors, therefore, for errors occurring. 

  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 

stage for amplifi cation 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       

 

E.J. Hickey et al.



189

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 fi ve distinct categories [ 8 ] (Table  13.1 ). 
The most common relate to terrain or adverse 
weather. Observational data from commercial 
airline cockpits indicate about ~75 % fl ights 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 fi ve category types [ 8 ] (Table  13.1 ). By far the 
most frequent type of error documented during 
in-fl ight cockpit observation is violation of a 

“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 refl ect 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 refl ect 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. “Profi ciency” errors are 
the least comforting, as the name implies a per-
sonal defi ciency in skill level. Perhaps, though, 
they are the most important to acknowledge: 
denial of failures in profi ciency (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 

     Table 13.1    Classifi cation and prevalence of threat and error subtypes observed during simulator studies and direct 
observation of >3,500 commercial airline fl ight 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 
malfunctions – 15 % 

  Equipment   Communication – 7 %   Communication  

 External errors – 8 %   External factors   Profi ciency – 6 %   Profi ciency, knowledge or skill  
  Air traffi c control, 
ground crew  

  Ward, admin, etc  

 Operation 
pressures – 8 % 

  Operational stressors   Decision error – 7 %   Decision or judgment  

  Fatigue, crew stresses    Fatigue, scheduling, etc  

  All have corollaries in medicine, as indicated in italics  
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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 defi nition 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 defi nition 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, fl ying confi guration 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 
signifi cantly 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 

might be occurring. The over-arching goal in these 
circumstances should fi rst 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 fl ights 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 fl ight 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. 3  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 

3   Icing of a pitot tube led to brief and transient loss of air 
speed data and autopilot disengagement. The crew 
responded with some inappropriate manual fl ight control 
inputs which led to an escalation of unintended states, 
errors and increasingly unstable fl ying confi gurations. 
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 fl ight envelope. The fully func-
tional aircraft hit the Atlantic Ocean belly fi rst, 
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 fi rst person plural (we, 
our, us) versus singular (I) is associated with better 
performance and fewer errors [ 10 ]. This fi nding 
probably has two facets – fi rstly 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 fi rst day of an initial crew 
pairing (versus 7–30 % of all fl ights) [ 15 ]. Power-
distance relates to the likelihood of a subordinate 
questioning their superior, and the receptiveness of 
a superior to such questioning [ 12 ,  16 ]. 4  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.  

4   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 fi ne. They were not fi ne; 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 profi le 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 effi cacy 
of CRM is diffi cult 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. 5  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 

5   US Airways fl ight 1549 successfully landed in the 
Hudson River after a double bird strike shortly after take- 
off. British Airways fl ight 38 lost thrust on both engines at 
an altitude of 720 ft during the fi nal 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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all 261 deaths spanning a decade at our institu-
tion, over 50 % had identifi able 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 signifi cantly 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 cockpit errors) [ 8 ]. Cardiovascular 
deaths were very signifi cantly 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-
tifi able 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 
identifi able error exhibited long-term survival 
decrements ~15 % below those who were error- 
free (Fig.  13.2 ).

100

80

60

40S
ur

vi
va

l %

20

0 2 4 6

Years after S1

Risk factors for death/transplant

8 10

No S1 post-op 
error

S1 post-op 
error

Risk factor P Reliability

DILV

CPB min

Any post-operative error

.0036 84 %

81 %

67 %

.0169

.0034

1 year: 76 ±3 % vs

vs

P = .0052

57 ± 4 %

58 ± 8 %

52 ± 8 %7 years:

  Fig. 13.2    Actuarial survival of 191 
infants (2000–2011) with hypoplas-
tic left heart syndrome that 
underwent stage-1 (S1) palliation, 
stratifi ed 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 
signifi cant decrements in survival. 
Other risk factors included 
morphology of double inlet left 
ventricle (DILV) and longer 
cardiopulmonary bypass duration 
(CPB min)       
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       “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 fl y-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 “fl ight plan” published, which details potential 
threats and stipulates the operative intentions. We 
then model the patient’s path through their 

 operative and post- operative course, until the point 
of discharge from hospital, in a graphic broadly 
representative of an aircraft’s fl ight (Fig.  13.3 ). We 
term their in-hospital journey a “fl ight”. Risk is 
depicted on the y-axis, and time proceeds along 
the x-axis. In reviewing the classifi cation 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 classifi cations. 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 fi nal outcome.

   Of 524 consecutive patient “fl ights”, the oper-
ative team had to manage 761 identifi able threats 
in 364 (70 %) patients [ 23 ]. Of all 761 threats, 

  Fig. 13.3    Representative illustration of a patient “fl ight”. 
Children are tracked from the point of admission, during 
which investigations are undertaken to confi rm 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 

artifi cial 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 ( T ), 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       
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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 identifi ed. 
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 signifi cantly 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-
fi able cycles of human error and unintended 
aircraft states upstream [ 23 ].  

    Summary 

 In our initial investigations outlined above, 
exactly 50 % of all patient “fl ights” 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 fl ights contained such cycles, 
which we now understand to be dangerous. 

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 fl ight 
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-σ 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 fi rst, 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 initial safety 

maximized         
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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 fi eld 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; identifi cation of appropriate use criteria specifi c 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.  
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        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 quantifi able 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 

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 specifi c to the pediatric and 
congenital population (Table  14.2 ).

   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 
  (c) 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 

  Keywords  

  Pediatric echocardiography   •   Congenital echocardiography   •   Quality 
improvement   •   Structure indicators   •   Process indicators   •   Outcome indicators   
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        Structural Indicators 

 Structural indicators refer to the type and amount 
of resources needed to provide quality echo ser-
vices [ 3 ], specifi cally 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-
fl ow. 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 workfl ow? 
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, staffi ng 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-
fl ow? Who provides supervision? Are there sys-
tem checks to assure that workload is not 

excessive and not associated with increased 
errors? Does the echo lab meet established 
benchmarks in terms of staffi ng 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 fi ve 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 
specifi c 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 defi ciencies 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 IAC guidelines and standards for adult echo. 
A similar document does not exist for pediat-
ric echo, mostly because of the potential for a 
signifi cantly extensive list of indications, espe-
cially if the criteria need to be specifi c for each 
CHD. Interestingly, the 2011 document lists 
7 indications for adult CHD with only 4 being 
labeled as appropriate.  

14 Quality Improvement in Noninvasive Imaging: Present and Future Initiatives



200

    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 ], 
quantifi cation 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 ]. 

 Study performance within an echo lab is 
dependent on protocols that are based on pub-
lished guidelines and standards, but the specifi c 
contents of the protocols must be established in 
the context of local culture, clinical practice, and 
experience. Many centers have developed lesion- 
specifi c echo protocols in an effort to prevent 
sonographers from forgetting the most important 
aspect of each lesion during the performance of 
a study, defi nitely 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 defi nitely requires experience to 
know when non-standard views are needed to 
evaluate specifi c 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 specifi c 
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. 14.1    Non-standard echocardiographic views for spe-
cifi c 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 

in subcostal windows of tetralogy of Fallot depicting the 
right ventricular infl ow and outfl ow 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)       
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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 specifi c 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 specifi c goals for core and 
advanced imaging skills [ 17 ]. In fact, many of the 

major clinical centers in North America have 
developed 4th year advanced imaging fellow-
ships for trainees who want to focus specifi cally 
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 5th 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 specifi c 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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*
*

LA LV

  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 fl ow 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 

along the subaortic region because of left-to-right fl ow at 
the ventricular septal defect and right-to-left fl ow at the 
patent ductus arteriosus; in this instance, there is still sig-
nifi cant 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)       
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echo lab to evaluate the accuracy and repeatabil-
ity of echo fi ndings 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 fi ndings 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 specifi c 
recommendations for quarterly correlation 
assessments (to compare echo fi ndings in specifi c 
instances with results from other modalities and 
from the operating room) and variability assess-
ments (to evaluate the repeatability of specifi c 
measurements performed during an echo) [ 18 ].  

    Study Reporting 

 The reporting of echo fi ndings has certainly been 
fraught with problems, particularly in terms of 

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 Classifi cation 
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 

Aortic
Arch
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AAo

LIV

RPA

a b

*

  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 

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)       
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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 fi ndings 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 fi ndings 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 fi ndings 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-
cifi c 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 confi rm a 
diagnosis, thereby functioning as the 1st step in 
deciding what interventions if any are needed for 
a specifi c 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, specifi cally that they 
are safe, effective, patient-centered, timely, effi -
cient, and equitable [ 27 ]. Current QI initiatives in 
pediatric and congenital echo have involved  cer-
tifi cation ,  productivity standards ,  AUC  for pedi-
atric echo,  pediatric reference values  for standard 
echo measurements, and  quality metrics  specifi c 
to pediatric echo. 

    Certifi cation 

 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 
certifi cation 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 specifi c 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 certifi cation process exists for physi-
cians interpreting adult echo studies with a quali-
fying examination developed by the National 
Board of Echocardiography. However, a similar 
certifi cation examination does not exist for physi-
cians involved with pediatric echo in the United 
States. Interestingly, the EACVI has developed a 
CHD certifi cation 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-
tifi ed 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 ]. IAC statistics at the end of 2012 
reveals over 3,000 accredited echo labs and almost 
5,000 accredited sites, with 190 labs certifi ed 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-
tifi cation process as well as the work done by the 
IAC, the EACVI has recently established its own 
lab accreditation process, now having certifi ed 
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 staffi ng 
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, fi nd-
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-specifi c 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, defi nitions, 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 

manifestations. The list of indications, defi nitions, 
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 signifi cant 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 signifi cantly, 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 quantifi ca-
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 defi ne 
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quality metrics in noninvasive imaging. The team 
has identifi ed six areas in noninvasive imaging 
where quality assessment would be quite valuable, 
and the specifi cations for each metric are currently 
being drafted. The fi rst metric involves compre-
hensive quantifi cation 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 identifi ed ad hoc during 
a specifi ed 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 fi ndings, 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 
 signifi cant attention that QI has received in 
the fi eld 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 specifi c to pediatric 
and congenital noninvasive imaging.     
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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 briefl y, 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 refl ect 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 

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 fi rst 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 
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limits our understanding of the true epidemiol-
ogy of the congenital heart disease and the impact 
over the patient lifetime. Sweden acknowledged 
this defi ciency 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 identifi ed 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 
defi ne 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 signifi cantly changed 
since the 1980s. These changes have delivered 
improvements for patients in pediatric cardiology 
based around three key areas:
•    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 
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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-
fi les 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 specifi c university courses and clinical 
based competencies. 

 Improvement in  technology  has occurred 
almost hand in hand with the development of 
multidisciplinary team working. Technology 
infl uences 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 

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 benefi t 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 signifi cant 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 suffi cient 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 

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-
fi cult 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 fi rmly 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 benefi t 
of patients, The challenge ahead is delivering 
on issues that matter to the patients. The use of 
patient questionnaires and feedback will infl u-
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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        Assessing Quality 

 Quality improvement begins with accurate qual-
ity assessment. The concept of assessing medical 
quality goes back as far as Florence Nightingale 
in the 1850s when she proposed evaluating out-
comes of war casualties in the Crimean War [ 1 ]. 
In 1913 Earnest Codman a surgeon at the 
Massachusetts General Hospital recognized the 
importance of tracking outcomes of surgical 
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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 fi red 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 fi eld 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 fi eld 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 fi eld 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 signifi cantly. 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 defi nable 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. 

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 confi dentially 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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 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 fi rst 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 
signifi cant 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 

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 Infi rmary in Bristol, England [ 9 ]. 
Those concerns reached the point where infant 
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  Fig. 16.1    Figure taken from 
de Leval et al., 1994, 
demonstrates cumulative sum 
(CUSUM) technique 
charting deaths as they 
occurred with comparison to 
a predicted rate determined 
by the Congenital Heart 
Surgeons’ Society (CHSS). 
If this type of continuous 
monitoring had been in place 
at Great Ormand Street 
(GOS) during this experience 
the abrupt change in failure 
rate would have been 
recognized earlier 
( Abbreviations :  TGA  
transposition of great 
arteries,  VSD  ventricular 
septal defect) (Reprinted 
from de Leval et al. [ 6 ], with 
permission from Elsevier)       
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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 fi nal 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 fi nal 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 

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 fi rst 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 fi ve 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 confi den-
tial with de-identifi ed patient information. 
Annual center specifi c 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 
fi rst 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 
specifi c 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 fi rst lesion to be studied 

E.H. Austin III



221

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-
tifi ers 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 specifi c 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 signifi cantly 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, 
stratifi cation schemes were developed. The fi rst 
scheme (the Risk Adjustment in Congenital Heart 
Surgery-1 (RACHS-1) method) consisted of 
six risk categories for surgical procedures. This 
stratifi cation, 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 confi rmed a spread of mortality 
rates across RACHS-1 categories with category 1 
having a mortality of 0.4 % and category 6 having 

a mortality of 41.5 %. Another approach to risk 
 stratifi cation, 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 diffi culty 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 stratifi cation was added to the 
reports in both databases in 2006. Both approaches 
provided reasonable risk stratifi cation, but the 
Aristotle levels classifi ed 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 stratifi cation scheme 
resulted in fi ve “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 stratifi cation 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 stratifi cation 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 fi elds 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 identifi ers 
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  identifi ers may 
also permit linkage with administrative databases 
to enable assessment of costs or other nonclinical 
information or to assist with data verifi cation regard-
ing death, length of hospital stay, or other demo-
graphics [ 29 ].  

    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 confi dential 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-identifi ed 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 signifi cant 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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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 
fi ndings indicate a need for some programs to 
reevaluate their performance as a whole or for par-
ticular procedures.

   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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modest. On the other hand, if strategies for improve-
ment are applied across all institutions, the variation 
between institutions can be signifi cantly 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 fi ve 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 scientifi c 
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 stratifi ed by the fi ve STAT 
mortality categories, and (3) operative mortality 
stratifi ed by the fi ve 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 

   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 stratifi ed by the fi ve 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 defi cit 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 stratifi ed 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  
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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 signifi cant 
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 fi eld 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 

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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       Leaders establish the vision for the future and set 
the strategy for getting there; they cause change. 
They motivate and inspire others to go in the right 
direction and they, along with everyone else, sacri-
fi ce to get there. John Kotter 1  

1   John P. Kotter, Leading Change, 2012. 
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  17      Leadership and Quality 
Improvement 
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    Abstract  

  A leader can be defi ned as a teacher or person of infl uence. 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 identifi cation 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.  

  Keywords  

  Leader   •   Leadership Teams   •   Health Care   •   Collaboration   •   Service Line   • 
  Quality  
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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 suffi ce. Our new normal requires 
additional business alignment and leadership 
expertise. No one individual is likely to possess 
expertise in all fi ve of these categories, nor the 
bandwidth to perform all these tasks. Therefore, 
we need “quintuple threat organizations” that pro-
vide comprehensive expertise in all fi ve 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 defi ned as a 
teacher or a person of infl uence. 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 

(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 fi rst 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 profi le 
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 

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 fi rst 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 specifi c 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 ] 

   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 

Transition from clinician to Leader
Clinician

Scope Individual

Patient

Technical

Patient
Outcome

Group
Community/

System

Strategy/
Policy

Leadership
/Vision

Health Population
/System

Outcomes

Process

Facilitate/
Implement

System
Targets

Focus

Skill Set

Measurement

Manager Leader

  Fig. 17.1    The transition 
from clinician to manager to 
leader       
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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 fi rst, 
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, fi nance, 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 

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 refl ect 
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 fi ller 
between patient encounters. Administrative lead-
ers (practice and/or hospital) face a cultural chal-
lenge, meeting with physician and non physician 
leaders to defi ne 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 ) defi nes the relation-
ship between qualifi ed physician and non- 
physician leadership partners. These two 
co-managers provide unique perspectives, differ-
ent skillsets and specialized expertise that should 
synergistically defi ne strategy, clinical perfor-
mance, and business metrics. The key role of the 
physician leader is to defi ne clinical vision and to 
manage physician teams’ performance and 
behavior. The administrative partner is primarily 
more focused on operations, business, staffi ng, 
and support systems and services. Together these 
dyad leaders defi ne mission, vision, values, cul-
ture, overall performance, internal organization 
relationships, and fi nally strategy.
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       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 

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 

The Dyadic Management Model for the Integrated,
Community Health System

Administrative Co-Manager

Physician Co-Manager

•   Quality of the Clinical
    Professionals and Work

•   Operating Expense
    Management

•   Capital Planning and
    Applicaiton

•   Support Systems
    and Services

•   Staffing Models

•   Performance Reporting

•   Supply Chain

•   Operations

•   Revenue Management

Mission

Vision

Values

Culture

Overall Performance

Internal Org. Relationships

Strategy

•   Patient Care
    Standards

•   Clinical Pathway/
    Model Management

•   Referring Physician
    Relationst

•   Provider “Leverage”

•   Provider Behaviors

•   Provider Production

•   Clinical Innovation

•   Compliance

  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. 

Examining the “Dyad” as a Management Model in 
Integrated Health Systems. PEJ. January*February/2010)       
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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 fi rst”. Leaders must model 
trust with one another and the team and skill-
fully lead discussions in a vulnerable fashion.  

    Defi ning 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 defi ne 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 fi t” 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. 

 Hirschfi eld 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:

    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 
fi nancial) and will be faced with different primary 
responsibilities. Administrators have an opera-
tional organizational focus, and are concerned 
with fi nancial budgets, management of patient 
populations, and even the fi scal survival of an 
organization. Physicians, on the other hand, fi nd 
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 fi ve competencies:
    1.    Knowledge of the healthcare environment;   
   2.    Professionalism;   
   3.    Communication of relationship management;   
   4.    Business skills and knowledge; and   
   5.    Leadership.    

  Within the fi fth 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 
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productive relationships, and effective communi-
cation and infl uence. 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 ]:
    1.    Manage and promote change   
   2.    Create a purpose and a mission   
   3.    Pursue sustainable change over time   
   4.    Build capabilities   
   5.    Manage paradox   
   6.    Act as savvy politicians   
   7.    Manifest optimism and passion, instilling 

confi dence and trust    
  In order to operationalize these principles, 

these leaders should focus on four    practices :
    1.    Focus on the customer   
   2.    Defi ne 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 specifi c areas 
of need. 

 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 defi ned 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 fi nance, but those truly healthy 
organizations outperform in terms of effi ciencies 
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 fi nancially 
sound and well-communicated to engage the 
entire organization. Quick wins build momen-
tum, and then the work begins to spread change 

   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 Infl uences Effectively 
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and hardwire gains that lead to enhanced fi nan-
cial and operational effi ciencies. Successful 
change implementation will be best achieved by 
teams that have invested in the lessons from Pat 
Lencioni’s “Five Dysfunctions of a Team” [ 8 ]. 
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. Signifi cantly, 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 defi ne evidence-based physi-
cian performance. The collaboration among 
national centers to defi ne 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 defi ne 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 fi nd the leadership 
role enjoyable or successful; some leaders will 
fail and others burn out. Likewise, some team 
members fail to integrate successfully into the 

Accelerated
and Sustained

Results
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inertia and resistance

STEP 7

STEP 6

STEP 5
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organization
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  Fig. 17.3    A step change implementation template outlines key steps, in order, for successful change implementation       
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team and may need replacement. If organiza-
tional vision and culture has been successfully 
defi ned 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 ], defi nes 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 defi ne 
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 diffi cult conversations to address sub-
standard physician performance or “good physi-
cians with diffi cult 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 

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 effi cient healthcare in the future.     
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     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 

refl ected 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 signifi cant 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 fi rst 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 profi t 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 fi rst 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 

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 
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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 signifi cantly infl uence 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 

 different activities [ 8 ]. Professions were created 
by and exist for the benefi t 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 fi nite 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 “qualifi ed 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 
“qualifi ed 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 fulfi ll 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 

profession in improving the quality of health 
care will evolve in ways that allow truly profes-
sional activity to continue.    
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       Introduction 

 There is a classic golfi ng 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 a recent review of surgery for  congenital 
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heart defects in England, 1   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 staffi ng. 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 reconfi guration. 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 benefi t 
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 

1   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. 

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 fi rmly 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 offi cial 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 offi cial, 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 

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 fl awed – 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 diffi culties [ 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 ‘unfi n-
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, 

19 Lessons Learned Attempting to Reform UK Congenital Cardiac Services



246

 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-
fi ed 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 confi gura-
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 confi guration 
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 

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 fi eld 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. 2  

    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 

2   At 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’  
•   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 and 
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.  

    Standards Group 
 Also in 2009, a pediatric 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 defi ne 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 fi nished standards 
are too detailed to present here, but are available 

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-
fi guration 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 “fi nal” decision in 
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the fi rst 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 fi nal 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 fl awed – 
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 infl uence 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:-
•    Children’s heart surgery was becoming 

increasingly complex  
•   Services had developed on an ad hoc basis; 

there was a need for a planned approach for 
England and Wales  

•   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  

•   Smaller centers are vulnerable to sudden and 
unplanned closure  

•   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 
suffi cient number of children to maintain and 
develop their specialist skills  

•   Available research evidence identifi ed 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  

•   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  benefi ts  of the proposed change were pre-

dicted to be as follows:-
•    Better results in the surgical centers with fewer 

deaths and complications following surgery  
•   Better, more accessible diagnostic services 

and follow up treatment delivered within 
regional and local networks  

•   Reduced waiting times and cancelled 
operations  

•   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  

•   A trained workforce expert in the care and 
treatment of children and young people with 
congenital heart disease  
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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 benefi ts? 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 defi ned 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  

•   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 ].  

•   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 defi cient. 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  

•   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-
fi guration of the service was going to be very 
challenging. The Secretary of State had laid 
down four generic criteria which had to be ful-
fi lled if a reconfi guration 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 fi rst 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 confi guration. 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 signifi cant, 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 

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 fi nal 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 infl uence 
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 fi rst launched 
by the Royal Brompton & Harefi eld NHS 
Foundation Trust 3  in 2010, who won the fi rst 
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 

3   To the consternation of many commentators, this was the 
fi rst 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. 

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 4 ; 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 fl awed. 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 

4   I was named in the case made by the Royal Brompton 
has someone who used their infl uence 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 

 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 Reconfi guration 
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 confi guration, 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-
fi ciently 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 
fl awed analysis of the impact of incomplete pro-
posals, and leaves too many questions about 
 sustainability and implementation. 5  This is clearly 
a serious criticism of the Safe & Sustainable pro-
cess. I 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 

5   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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fl awed 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 
fi ve 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 confi guration 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, 

and the comments of the IRP that some views 
were not heard (despite the extensive consulta-
tion), absolutely everything this new group does, 
says, hears or reads is made public, and can be 
read on line via this blog:   http://www.england.
nhs.uk/2013/06/28/john-holden/    . The process 
goes on and it will be another year before we hear 
the next set of options, which will no doubt them-
selves be subject to judicial review and appeal.    

    Lessons Learned 

 This is a personal chapter, and the views are 
mine. However, I have spoken to many people 
who were involved in this process and I hope I 
refl ect their opinions, at least to some extent. 
There is no ducking the fact that health is a politi-
cal issue, especially when played out on a national 
stage. Obamacare and recent NHS reforms exem-
plify this. Political careers can be made or lost 
over it, and views are strong. Politics also get 
played out locally, by physicians, patients, hospi-
tals  and  local politicians. This refl ects that every-
one cares, but also that often they put more 
weight on local issues than national. This is 
prominent in the lessons learned. 

 There are so many lessons, and feeling the need 
to organize them, I looked for others who had 
analysed policy decisions and implementations. 
Luckily, as I prepared this, an outstanding book 
had just been published which did just that, it is 
“ Anthony King and Ivor Crewe; The Blunders of 
our Government: 2013; Oneworld Publications, 
Bloomsbury, London, UK ”. This book should 
be compulsory reading for anyone in a large 
organisation who fi nds themselves responsible 
for change. Errors are repeated generation after 
generation, and the characteristics of such fail-
ure are clearly not learnt. King and Crewe have 
listed some common themes of failure of big pro-
grammes. They are; Cultural Disconnect; Group 
Think; Prejudice and Pragmatism; Operational 
Disconnect: and Panic, Symbols and Spin. I have 
chosen to test the Safe and Sustainable process 
against those criteria. I have added some other 
lessons and taken note of an essay by Sir Ian 
Kennedy  “Learning from Bristol: are we? ” [ 14 ] 
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    Cultural Disconnect 

 King and Crewe defi ne cultural disconnect as ‘the 
failure of those making the plans to empathize 
with the users of the product of the plan’ .  In other 
words, perhaps the planners simply cannot under-
stand what happens on the shop fl oor because 
they have never been there. I do not think this was 
so relevant in the case of Safe and Sustainable. 
Most of the members of the steering group and the 
standards group either worked in the specialty or 
had had children treated in them. However, there 
was a need for some element of disconnection, in 
the sense of being dispassionate. If too much con-
sideration had been given to the stories told by 
parents, the resulting emotions would have caused 
paralysis in the process. Most of us thought it was 
better to take on board any objective information 
from parents, and focus on a belief that the profes-
sionals had got it right in advising the concentra-
tion of expertise they needed to save more lives 
and improve outcomes. It seems to me that there 
was a balance to be achieved, and it is clear that 
all the members of this review were trying hard to 
keep the patient at the center of their thinking. 
This is refl ected in the various discussions in the 
JCPCT documentation.  

    Group Think 

 Group-think exists  when members of a group feel 
under pressure to maintain the groups cohesion, 
and often happens when outside people are 
regarded as hostile.  Could this have applied to 
safe and Sustainable in the context of failing to 
get real opponents to be really engaged and thus 
better challenge any case being argued in com-
mittee? Specifi cally, is it possible that we all con-
vinced ourselves that the argument over the 
number of operations or surgeons a center should 
have was really the only argument and we ‘group 
thought’ our way into believing that? 

 This is possible, but at the outset it was felt 
that argument and advice would be more effec-
tive if advisors and committee members were 
selected, not on the basis of the center they came 
from, but as a representative of the relevant 

 professional or lay society to which they belong, 
e.g. cardiac surgeons, anaesthetists, intensivists, 
nurses, parent support group and so on. If one 
takes such a representative view, it is possible 
that signifi cant opposition could occur from a 
unit that did not have a representative on the com-
mittees, effectively by accident. That was the 
case with the Royal Brompton, and perhaps we 
should have invited them directly to criticize. 

 The problem with this approach is how to be 
sure those who oppose are really going to engage 
in a meaningful way. Even if they had wanted to, 
how could a local councilor / MP / cardiologist / 
parent risk incurring the wrath of the local com-
munity by engaging with the reform process in a 
meaningful way? An unwritten code seemed to 
develop amongst them that appeared to encour-
age and reward behavior meant to undermine the 
whole process and damage the reputation of 
those engaged in it. This bubbled over into actual 
threats on occasions (on Facebook for example 
when a local parent dared to question the local 
campaign group). 

 Usually though, the review team went out of 
its way to engage with those opposed to it, and 
the many public meetings were meant to do just 
this. However, they may have had the opposite 
effect as I describe later.  

    Prejudice and Pragmatism 

 Prejudice & pragmatism were defi ned as ‘ An 
unquestioning belief that some kinds of policies 
can be counted on to work better than others’.  
King and Crewe also describe these as pre- 
judgments or even hunches. It has been argued 
that the fundamental premise upon which this 
programme was based (that surgeons should do a 
large number of operations, but in a supported 
team environment, and that this meant, because 
of the total number of operations done that there 
must therefore be fewer centers) was predeter-
mined. To some extent it was. I have yet to meet 
a cardiac surgeon who doesn’t believe that the 
more he or she does, the better the outcomes [ 15 ]. 

 In giving evidence to a recent  inquiry  I made 
the point that ‘data make change,’ (and one of the 
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key problems with making the case was the fact 
that the Central Cardiac Audit Database informa-
tion (based on validated mortality data) showed 
outstanding results across the board, and no 
English center fell outside the confi dence inter-
vals, implying they were all safe and of good 
quality. There were no data about complications, 
other morbidity or quality of life that could be 
used as a comparator. Each unit was able to say 
that it was safe and that its mortality was not sig-
nifi cantly different from the best performing cen-
ters, even if case volume was disconcertingly 
low. But differences did exist and were given lit-
tle weight. For example in the published record 
are data which show that, for equivalent case 
mix, units had wide ranging lengths of stay, rang-
ing from 9.3 days to 24 days (who would you buy 
care from?). These data were not used to make or 
challenge the case. 

 The IRP amongst others took the view that the 
whole pathway of care from prenatal to adult 
should have been reviewed. It was diffi cult 
enough getting consensus amongst the pediatric 
cardiac centers; imagine how hard it is going to 
be when one adds in maternity and adult service 
across a whole country. It may simply become 
impractical and permanently in the long-grass. 

 One could reasonably argue that the IRP pro-
cess is equally subject to such risks, and its 
appropriateness, fairness and effectiveness as a 
process deserve separate challenge.  

    Operational Disconnect 

 Operational Disconnect was defi ned as 
‘ Disconnecting those who make the policy from 
those who have to implement it.’  It relates to the 
whole concept of doability. Is what is proposed 
able to work at all? King and Crewe reveal many 
examples of this, especially in relation to large IT 
projects, but in Safe and Sustainable, the people 
who would have had to carry out the policy were 
also the ones designing it. In a sense the policy 
was widely agreed…reduce the number of cen-
ters. It wasn’t the implementation of the policy 
that was a problem, it was the choices of centers 
to lose their designation. 

 Of course, as the decision approached, and 
individuals began to realize that there was a real 
possibility that something might actually happen, 
they began to think about what might happen to 
them, and to their families. New homes? New 
schools? New town? One can easily understand 
the anxiety, and there was little open debate about 
what compensation might be available. This may 
have hardened opposition, but only at the end.  

    Panic, Symbols and Spin 

 This is harder to defi ne in the context of Safe and 
Sustainable, since it usually refers to Ministers. 
Here is the defi nition: ‘ The response of ministers 
(usually) to media and public outcry. They need to 
decide something must be done in response [to 
media pressure, especially if from their core support 
newspapers], they are often under intense pressure 
to act or respond quickly and to be seen to respond, 
and often they blunder under these circumstances’.  

 The whole of Safe and Sustainable was played 
out, deliberately, in the public eye. It was recog-
nized from the start that many of the issues were 
contentious, and everyone involved realized that 
the process could become a model for reconfi gura-
tion of services in many other parts of the NHS, 
indeed neurosurgery was next up. Public  awareness 
and ‘stakeholder’ involvement were seen as criti-
cal to long-term success. A cynical view might be 
that the NHS was required to carry out  excessive  
public consultation, driven by legal precedent, but 
was motivated internally by risk aversion and fear 
of criticism. Having been involved, I certainly 
don’t buy the cynical view. All the people I met 
were motivated to deliver the very best for the 
patient, and the overriding principle was the deliv-
ery of excellence, measured against global bench-
marks. Mediocrity was never on the table. 

 For someone new to open debate of decisions, 
the ‘psychology’ behind campaigning was very 
interesting. With others, I have noticed that all 
public campaigns (NHS or otherwise) have a 
similar  modus operandi  in terms of language 
used and stances adopted. The allegation of pre- 
determination is consistently used to attack a pro-
cess, second only to “we are being ignored”. The 
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lesson learned is this – no matter how well you 
explain the clinical case for change and describe 
a professional consensus, campaigners who 
oppose you will be deaf to what you have to say; 
and (in this case) the better organized the NHS 
was in managing the review and getting its mes-
sage out, the more organized the campaign group 
became because of a genuine fear that it could all 
be pulled off. 

 Massive sums were spent on public consulta-
tion to ensure that all views were taken into 
account and the process was ‘fair’. But public 
consultation in the traditional sense appears dead 
in this age of social media. What’s the point of 
the NHS spending lots of money responsibly to 
communicate a message, or question when post-
ings by anonymous people on social media are 
capable of building up a head of steam that under-
mines the process? Why are campaigners more 
susceptible to believing an anonymous posting 
than something said by an expert such as Sir 
Roger Boyle? Maybe it is because they want to – 
and they pass it on to friends and family who 
want to believe also, and before long the mis- 
truth is so well established that it appears in 
speeches by MPs in parliament and in an (inde-
pendent) IRP report, set up ‘to hear all views’. 
How do we respond to Mr. or Ms. Anonymous? 
What became very diffi cult to bear was that we 
had to remain professional, polite and balanced 
with no such obligation on the other side (includ-
ing from some clinicians it seemed). 

 The public meetings themselves were very 
diffi cult. They were big, town hall meetings with 
aggressive questioning and high emotions. The 
expert panels were not prepared for the abuse 
they received. The original intention in 2010 was 
to hold interactive workshops rather than town- 
hall meetings, but it was quickly apparent that the 
units and local groups would not allow this 
because they wanted an opportunity for heated 
public debate. It was in their interests so to do. 

 Each local team presented highly emotive, 
individual cases, with the child and its family 
often present, and arguing in favour of the unit. 
Sometimes this clearly exposed poor treatment 
masquerading as great care because of a long 
time spent in the intensive care unit (ICU). It was 

especially upsetting to hear repeatedly from par-
ents of certain units (but not others) how good 
was the bereavement support care. 

 Several senior clinicians, myself included, 
were put up to the media as spokespeople for the 
programme. As a result, we got a great deal of 
fl ak from colleagues and support groups in the 
areas scheduled for de-designation of services. It 
became very personal and quite diffi cult. For a 
while I was very angry and upset, and thought 
putting us up for this was a mistake, and protect-
ing the back of the NHS administrators who sat 
on the JCPCT. Now however, I have become con-
vinced that there was no one better to put across 
the voice of reason. Who else would the public 
trust? We were not asked to defend the decision – 
we were asked to explain the case for change etc. 
What is the lesson learned here? Is it that no mat-
ter how credible and respected the spokesman, 
the media will cheat by portraying him or her as 
the decision maker just for good TV? That as 
soon as a heavyweight and respected clinician 
dares to defend a process those clinicians on the 
other side will quickly break ranks and resort to 
attacking him or her personally? Or perhaps that, 
despite all appearances to the contrary the profes-
sional consensus on the need for change was 
never really there? It was all a lie. Clinicians in 
potentially threatened units had no option but 
publicly to back the case for change at the outset 
in the knowledge that change would happen 
“over their dead bodies”. 

 The fi nal decision-making meeting of the 
JCPCT was held in public, broadcast on the web 
from a room full of stakeholders and journalists. 
TV cameras were waiting outside to interview 
whoever was most affected. It was rolling news 
in action. There was criticism at the time that the 
process was stage managed, largely because peo-
ple were polite and argument mild. In my experi-
ence that is how good committees work, but that 
cut no ice with critics. The work had indeed been 
done in advance, but the decision  was  made in 
public. 

 We had stepped into the world of the public 
politician, and had to live that life or a while. The 
pressure on our families was immense. We had 
started by really wanting to provide optimum 
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care for children in the UK, and had ended up 
being vilifi ed. It was a salutary experience and 
required patience and fortitude to survive. Panic, 
symbols and spin were well in play in this saga.  

    Some Final Lessons 

 In no particular order, here are some fi nal points I 
hope will be of interest.
•    The process has taken way too long, and is 

still incomplete  
•   Consultative decision making is horribly 

expensive (staff costs, including opportunity 
costs incurred by NHS clinicians acting as 
advisors; management support; communica-
tions support; public consultation; legal fees)  

•   Problems with the defi nition of quality in the 
scoring system used by the JCPCT. As the 
Kennedy team travelled the country to review 
the individual centers were scored on a num-
ber of criteria, including quality. The team 
understood what it meant by quality, namely 
the ability of the center to meet, either now or 
in the near future, the agreed standards. 
However, the widespread clinical and lay 
interpretation of quality related to the  clinical 
outcomes  of the units, and only mortality was 
available for comparison. The reason for the 
JCPCT choosing this defi nition of quality was 
that there was no statistically signifi cant dif-
ference in mortality between units, but it was 
obvious to them at least that quality was dif-
ferent. The centers scheduled for de- 
designation were thus really upset either if 
their quality scores were low, or, as in the case 
of the Brompton, quality was scored fairly 
high, but still de-designation followed. Clarity 
of terms or the choice of a different word to 
describe ‘quality’ would have been helpful.  

•   Too much focus may have been placed on 
travel times, given that England is geographi-
cally quite small and with excellent transport 
links. Kennedy had suggested in 2001 that 
travel times should be disregarded, and that 
the focus should be on creating centers of 
excellence. The stakeholders advised that 
travel times were important to them, and they 

became hugely contentious, yet Canada and 
Australia clearly demonstrate that travel per se 
is no longer a risk factor for outcome. This 
was an argument about convenience.  

•   ECMO, transplantation and tracheal surgery 
were nationally commissioned services car-
ried out in only one or two of the cardiac units. 
All of these services were internationally rec-
ognized and successful, and the maintenance 
of the teams involved became an issue because 
of the potential knock on impact to other ser-
vices. This was especially important in the 
face off between Leeds and Newcastle, and 
Leicester and Birmingham (cities in close 
proximity).  

•   Local politicians will always defend their 
local service …‘any center but mine’.  

•   Legal challenge is inevitable, and whatever 
the cost, it must be prepared for from the start. 
But everyone must be taught to expect it. 
Hopes and expectations rose and fell in line 
with legal process. It became exhausting and 
emotional.  

•   Rationally to decide about where services 
should be provided, we need more outcomes 
than just mortality and we need to know in 
real time what our customers want. Data really 
do count, and we have a moral obligation to 
acquire the right information and make avail-
able, if we want to advance quality. We need 
as a profession to get on with this, as other 
chapters in this book make quite clear.  

•   There were wider issues about overall capac-
ity in the system, especially in relation to 
intensive care beds in feeder and down-stream 
units. I do not think these were given suffi -
cient attention. There were fears, often poorly 
expressed, that closure of units may result in 
excess pressure on the survivors.  

•   No matter how well a message is put across, or 
how persuasive it is in terms of professional 
sign-up, local people will always be more per-
suaded in a debate by a local clinician sup-
porting the  status quo,  no matter how 
inaccurate or bizarre their message is.  

•   In a public debate there is never a persuasive 
response to a parent who opens by saying “my 
child would have died under your proposals”. 
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Local parents remain surprisingly supportive 
of a unit, even when it has been assessed by 
experts as providing a ‘dangerously poor ser-
vice’, (as was the case in Oxford in 2010 when 
a review by the local Strategic Health 
Authority suspended the service). How should 
one engage meaningfully with such devoted 
people at the same time as showing empathy 
and emphasizing quality?  

•   The lessons of the English civil war were not 
appreciated. The possibility that politicians 
and the media would use the process to play 
out regional differences was under estimated. 
These regional differences were often deep 
rooted and historical. The Newcastle v. 
Yorkshire skirmish was particularly disturb-
ing, with real vitriol amongst members of the 
public at the Leeds consultation event. MPs 
relished the opportunity to defend their own 
constituencies. Safe and Sustainable should 
perhaps have avoided where possible refer-
ences in its literature to cities, as this provoked 
local ‘patriotism’ amongst people with no pre-
vious connection to the review (Southampton 
v. Bristol; Leicester v. Birmingham; London 
v. Southampton). Honesty created division, 
and it is diffi cult to fi nd the correct balance.      

    Conclusions 

 Whenever I travel to other countries, and dis-
cuss organisation of pediatric cardiac services, 
I have been struck by the admiration of my 
peers for the English system of care delivery. 
This system is characterized by (generally) 
regional services, a limited number of centers 
and a commitment to open presentation of 
(limited) outcomes to the public. And the 
English results are rather good. Those same 
peers were almost unifi ed in their support for 
the underlying principles behind the Safe and 
Sustainable process, namely ‘the more you do 
the better you get’, and that concentration of 
services would permit better training, sub- 
specialization and succession planning, as 
well as delivering a better quality of life to all 

staff, and particularly surgeons. I was proud to 
be part of that process. 

 It turns out that some people were of the 
view that the process was fl awed, and that has 
brought it to its knees and we must start again. 
That there remains an appetite to do this within 
the NHS is a tribute, I think, to the quality of the 
underlying idea. So why is it taking so very 
long, when the logic is so widely supported and 
has been so for over 20 years? 

 The detailed lessons listed above refl ect the 
importance to health and children to communi-
ties, local and national, and the unavoidable 
link between health care and politics. In 
England, the various governments have 
attempted to place the NHS into arms-length 
organisations, currently exemplifi ed by NHS 
England. But when push comes to shove, every 
secretary of state for health is under pressure 
from party and constituents to apply local rules 
to national issues. The media love a good fi ght, 
and fan the fl ames of local disputes. 

 One might argue that one could let the mar-
ket decide, but that can only work if there is a 
true market, and in none of our systems is that 
really the case. In the USA, where market 
forces have been dominant for several years, 
the expenditure on health is more than twice the 
percentage of GDP as Europe, and results are 
not better for the population. In the UK, where 
there is artifi cial competition via an internal 
market (the purchaser:provider split), it seems 
that local or regional pressures trump competi-
tion in the end. In Scandinavia, rationalization 
has occurred, and results are excellent, costs 
low, and data collected nationally and well over 
the course of patients’ lives. Michael Porter 
[ 16 ] has long argued that what really matters is 
the  Value  of health care interventions over life, 
dividing the outcome of the intervention (over 
life) by the cost (over life). We need to know 
the outcomes and reduce cost. Rationalization 
of services in large, effi cient centers has to be 
part of that process. However painful and bruis-
ing it has been so far, we must not give up now.     

M. Elliott
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Care Unit  
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    Abstract  

  Lean management principles have been used extensively in manufacturing 
for decades and are increasingly being utilized in healthcare settings over 
the last 10 years. Lean principles, developed as part of the Toyota 
Management System, their simultaneous focus on waste reduction and 
customer satisfaction are vital for healthcare to reach its potential. Lean 
begins with mapping process fl ow and then applying lean tools and tech-
niques to optimize the current state, including waste removal, inventory 
optimization through kanban (signal) systems and standard work. The 
translation of this manufacturing philosophy to healthcare involves the use 
of huddles in order to optimize situational awareness and develop clinical 
standard pathways to ensure that patients with similar pathophysiological 
abnormalities are treated in a similar fashion.  

  Keywords  

  Lean healthcare   •   Process improvement   •   Lean process improvement   • 
  Clinical standard work  

    J.  E.-M.   Albert ,  MD, MHA      
  Pediatric Intensive Care Unit, Department 
of Pediatric Critical Care Medicine , 
 Seattle Children’s Hospital ,   4800 Sand Point Way, 
NE, M/S MB.10.620 ,  Seattle ,  WA   98105 ,  USA   
 e-mail: elaine.albert@seattlechildrens.org   

    S.  M.   Hartmann ,  MD      
  Department of Critical Care Medicine , 
 Seattle Children’s Hospital ,   4800 Sand Point Way 
NE ,  Seattle ,  WA   98105 ,  USA   
 e-mail: silvia.hartman@seattlechildrens.org  

mailto: howard.jeffries@seattlechildrens.org
mailto: jerry.zimmerman@seattlechildrens.org
mailto: elaine.albert@seattlechildrens.org
mailto: silvia.hartman@seattlechildrens.org


262

        Introduction 

 Lean management principles have been used 
extensively in manufacturing industries for many 
years, most notably by Toyota. The primary prin-
ciples that underpin Lean thinking are the removal 
of waste in order to make work as value added as 
possible, and a laser-like focus on the customer. 
Lean has spread from manufacturing to all man-
ners of service, governmental and many other sec-
tors over the last 20 years. While there are 
fundamental differences in healthcare to these 
other industries, the transformative impact of Lean 
thinking on healthcare has been no different. The 
pioneer healthcare institutions began adopting 
these principles around the year 2000 and their 
success has led to their adoption by numerous 
other hospitals and health systems and its endorse-
ment by the Institute for Healthcare Improvement 
[ 1 ]. The focus on increasing value for patients or 
customers, the bedrock of this philosophy, gives 
Lean both its power and its relevance. 

 Much of Lean thinking has been associated 
with the Toyota Production System (TPS). This 
system moved managers from a focus on mass 
inspection, to improving the production process 
and building quality and worker engagement into 
the product the fi rst time. In healthcare, this can 
be translated into “No waiting” and “No harm”. 
“No waiting” refers to doing things “Just in 
Time”, giving the right service in the right amount 
at the right time in the right place. “No Harm” 
refers to “Built-in-Quality” where system vulner-
abilities are made visible, never passing along 
defects and stopping the line when there is a 
quality concern. 

 There are numerous examples of the power of 
Lean in healthcare. From dramatic improvements 
in patient fl ows in emergency departments [ 2 ], 
inventory savings [ 3 ], improvements in lab turn-
around times [ 4 ] to fi nancial savings with a 
Seattle Children’s capital project. In addition, 
there have been recent efforts to improve the 
practice of pediatric critical care utilizing Lean 
methods [ 5 ]. Leadership engagement has been 
crucial to these efforts. Leadership must be 
knowledgeable, tenacious, present and patient in 
order to achieve these results.  

    Mapping the Process Flow 

 Mapping out the fl ow of the work process under 
consideration facilitates an understanding as well 
as an improved design of a particular process. This 
is a useful tactic for any quality improvement 
activity. For the purpose of illustration (Fig.  20.1 ), 
the activity of mechanical ventilation in the car-
diac intensive care unit will be referenced. When 
undertaking the process mapping, it is useful to 
summarize the requirements for process fl ow:
     1.     Standardize the sequence of work or activi-

ties as well as the physical layout of the pro-
cess.  For mechanical ventilation as any other 
process, there exists initiation, maintenance, 
and termination phases. Each of these nodes of 
activity need to be carefully scrutinized. 
Standard physical layout of a cardiac intensive 
care unit (CICU) room ensures that the appro-
priate mechanical ventilator and supplies are 
always present for a scheduled or emergency 
admission. Electronic order sets for each phase 
of mechanical ventilation help ensure standard 
work (see below) for each aspect of the pro-
cess. In terms of mechanical ventilation, 
although the maintenance aspect of ventilator 
support typically comprises the largest dura-
tion of time, intubation and extubation actually 
represent the most dangerous time for criti-
cally ill patients, particularly those with car-
diovascular disease [ 6 – 8 ]. Accordingly, as part 
of the process fl ow of mechanical ventilation 
in the CICU, it would be prudent to include 
team huddles at both initiation and termination 
of mechanical ventilation to consider worst 
case scenarios and how to respond to them [ 9 ].   

   2.     Implement standard work for all elements 
of the process with explicit methods.  This 
requirement is considered in detail in another 
portion of this chapter. However, with respect 
to fl ow, standard work will defi ne the expected 
clinical pathway or trajectory for the pro-
cess. There can be no measured improvement 
without standard work because in its absence 
nuisance variables typically obscure any mean-
ingful process change [ 10 ]. In developing stan-
dard work it is useful to scrutinize the work 
where it is actually performed and the way it 
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is actually done. Standard work provides the 
infrastructure for process fl ow and continuous 
improvement. Along the process fl ow, stan-
dard work should be evidence-based as possi-
ble and consensus-based where evidence is not 
available. In the case of mechanical ventila-
tion, standard work can be composed for emer-
gent, hypoxemic, acute respiratory failure and 
various management aspects of pediatric acute 
respiratory distress syndrome as well as man-
agement of the post- operative surgical patient 
[ 11 ]. It should be stressed that in distinction 
to a reliability method, standard work involves 
a time component as will be illustrated for 
mechanical ventilation. Decision support tools 
mandating scheduled assessments provide this 
time component [ 12 ].   

   3.     Keep pace with customer (patient) demand.  
Within the current context this concept refers 
to recognition of physiologic prompting by 
the patient that will enable to pull off the fl ow 
process. Administratively this may also refer 
to administrative load-levelling. For example, 

a surgical schedule that is balanced and 
extends over the course of the entire week 
ensuring that the CICU is not overloaded 
some days of the week and underloaded dur-
ing other days of the week.   

   4.     Ensure fl exibility of the system.  This char-
acteristic relates to responding to variation in 
demand. In the case of mechanical ventila-
tion, proper process fl ow would dictate con-
tinuous, deliberate weaning around the clock 
(24/7/365). In the case of mechanical venti-
lation, fl exibility also particularly relates to 
dynamics of the patient’s cardiovascular sta-
tus, analgesic and sedative needs, nutritional 
status and input, as well as fl uid balance. All 
of these will infl uence the process fl ow along 
the trajectory of a patient’s mechanical venti-
lation course.   

   5.     Pull the fl ow.  In the quality improvement litera-
ture this characteristic refers to the notion of 
pulling the fl ow rather than pushing it [ 13 ]. 
Specifi cally for mechanical ventilation, the 
practice of scheduled assessments to facilitate 

  Fig. 20.1    Process fl ow of mechanical ventilation (MV) 
support in the CICU. Duration of MV is frequently the 
rate-limiting process in terms of duration of stay in the 
CICU. The process of MV is mapped from admission to 
the CICU, through initiation of MV, weaning MV support 
and discontinuation of MV and tracheal extubation. Cycle 

times for each aspect of the fl ow is displayed along the 
bottom.  CS  central supply,  UC  unit clerk,  V-I  vasoactive- 
inotropic,  MD  physician,  RN  nurse,  RT  respiratory thera-
pist. Most of the waste in the process occurs in the interval 
t3, when weaning of MV is safely physiologically possi-
ble, but not undertaken for a variety of reasons       
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early weaning of mechanical ventilation results 
in such a pull system [ 14 ]. Frequently, the need 
for mechanical ventilation restrains the patient 
to the CICU. Typically, when there is no longer 
a need for mechanical ventilation, the patient 
can be discharged to the general ward or even to 
home. Weaning mechanical ventilation typi-
cally encumbers the majority of time that the 
patient spends on mechanical ventilation. In a 
pull system, instead of weaning the ventilation 
with some haphazard schedule, weaning is 
accomplished according to the physiology of 
the patient that actually drives the weaning pro-
cess [ 12 ,  15 – 18 ]. In this scenario, weaning is 
accomplished when the patient is ready and at 
all times of the day. Ideally, there is some form 
of instantaneous feedback regarding the conse-
quences of a particular pull on the process fl ow. 
In the case of mechanical ventilation, the CICU 
provides multiple monitoring signals of the suc-
cess or not of a particular weaning step. 
Computerized decision support tools to pull the 
mechanical ventilation weaning process may 
prove to be useful in the future. Such tools uti-
lize so- called time-based kanban signalling for 
assessment and possible weaning interventions. 
For mechanical ventilation, input variables may 
include ventilatory rate, PaCO 2  or end tidal car-
bon dioxide, and SpO 2  or PaO 2.  Output vari-
ables that may be suggested include changes in 
peak inspiratory pressure, tidal volume, positive 
end expiratory pressure or fraction of inspired 
oxygen concentration. Such decision support 
tools prompt proactive, scheduled pull of the 
process fl ow, in this case weaning of mechani-
cal ventilation. Such process fl ow tools have 
been shown to decrease the duration of both 
mechanical ventilation and intensive care unit 
(ICU) length of stay [ 12 ,  15 – 18 ].    

     Tools Used to Achieve Process Flow 

 A number of quality improvement tools are avail-
able to facilitate design of the process fl ow 
including:
    1.     Process quantity analysis.  This key activity 

involves stakeholder analysis of both the type 

and quantity of work. In the case of mechani-
cal ventilation these discussions should 
involve physicians, respiratory therapists and 
bedside nurses [ 14 ]. The discussions may 
also include reference to specifi c types of 
equipment and when these items would be 
utilized. The analysis would also include 
determination of cycle times for mechanical 
ventilation for specifi c disease processes as 
these times should be able to be iteratively 
improved by implementation of process fl ow.   

   2.     Process sequence analysis.  This process, 
also multidisciplinary in nature, considers 
each node of the process fl ow, ensuring syn-
chronization with all process steps. For 
mechanical ventilation, such discussions 
might also include alternative starting points 
along the mechanical ventilation process 
fl ow including non-invasive mechanical ven-
tilation, conventional mechanical ventila-
tion, high-frequency oscillatory ventilation 
or airway pressure release ventilation and 
event extracorporeal life support.   

   3.     Standard work analysis . This activity is 
typically recognized as the proverbial spa-
ghetti diagram. For mechanical ventilation, 
this analysis might include the respiratory 
coverage patterns in the CICU. Such an anal-
ysis should ultimately lead to more effi cient 
work and fl ow assignments.   

   4.     5S analysis. 5S  is the name of a workplace 
organization method that uses a list of fi ve 
Japanese words:  seiri, seiton, seiso, seiketsu,  
and  shitsuke.  Transliterated or translated into 
English, they all start with the letter “S”. The 
list describes how to organize a work space 
for effi ciency and effectiveness by identify-
ing and storing the items used, maintaining 
the area and items, and sustaining the new 
order. Included here is analysis of the pro-
cess fl ow and identifi cation of any obstacles 
or monuments that will require change-out 
or workaround in order to achieve consistent 
process fl ow.   

   5.     Waste removal.  Both 5S and waste removal 
are considered in detail later in this chapter. 
In the case of mechanical ventilation in the 
CICU, it is important to identify value-added 
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steps in the process while eliminating waste 
as possible. As with most processes, much of 
mechanical ventilation might be viewed as 
non-value-added, particularly if the patient’s 
mechanical ventilator support could be 
weaned but was not. For mechanical ventila-
tion, the largest waste is waiting, and elimi-
nating this wasted time during weaning by 
employing decision support tools is an ideal 
intervention for process fl ow improvement.   

   6.     Time observation form.  For mechanical 
ventilation, this analysis might involve mon-
itoring cycle times for duration of mechani-
cal ventilation for the most common causes 
of pulmonary failure encountered in the 
CICU. This might include the post-operative 
setting for various surgeries for congenital 
heart disease or alternatively, times of 
mechanical ventilation for various types of 
cardiac medical admissions.   

   7.     Work balance form.  Load leveling in the 
CICU in terms of surgery scheduling can 
result in a steady velocity of patients and 
process fl ow, avoiding both over and under 
utilization and activity of the care team, both 
potential safety issues.   

   8.     Kanban (signal) to facilitate pull.  As indi-
cated above, such signalling may relate not 
only to supply–demand issues but also to the 
actual processes.   

   9.     Cross-training and contingency planning.  
Establishing a fl oat pool for both CICU 
nurses as well as respiratory therapists will 
ensure fl ow through the CICU even when 
demand is heavy.   

   10.     Visual clues.  The use of visual tools and 
graphics coupled with the support of comput-
erized decision support tools to facilitate 
weaning of mechanical ventilation. These 
conspicuous, scheduled assessments of the 
patient’s pulmonary status leverages a forc-
ing function that literally adds pull to the pro-
cess fl ow of mechanical ventilation weaning.   

   11.     Build in safety and quality.  Here the 
emphasis relates to eliminating opportuni-
ties for error so they don’t reach the patient. 
Poka-Yoke or mistake-proofi ng should 
be incorporated along the process fl ow 

 whenever possible. In the case of mechanical 
ventilation, for example, sedation is a deli-
cate balancing act to at once ensure patient 
comfort and provide modulation of the stress 
response, while at the same time not over 
sedating and thus impairing natural wean-
ing of mechanical ventilation or alternatively 
increasing the risk for accidental extubation.      

    Maintaining the Flow 

 As in all quality improvement efforts, sustain-
ability represents the greatest challenge. Ideally, 
a mapped process fl ow can be iteratively rede-
signed and adapted to maximize effi ciency and 
safety of the process [ 19 ]. This requires ongoing 
maintenance that will include education for a 
large staff with frequent change over, as well as 
incorporation of new evidence as it emerges. In 
the case of pediatric mechanical ventilation, there 
should perhaps be additional scrutiny of interven-
tions to avoid ventilator-associated lung injury 
[ 20 ]. Prone positioning may turnout to be benefi -
cial in some settings but its inherent dangers need 
to be considered [ 21 ,  22 ]. Faster weaning of 
mechanical ventilation support utilizing elec-
tronic decision support tools could decrease the 
rate of ventilator-associated, hospital-acquired 
pneumonia [ 23 ] and tracheitis [ 24 ]. 

 A champion for a particular process and its 
fl ow is invaluable in terms of maintaining a 
burning platform and sharing success of the 
quality improvement effort with others. In the 
case of designing a fl ow for mechanical ventila-
tion support in the CICU, the benefi ts include 
improved quality, enhanced delivery of a par-
ticular service, lowered cost and improved 
safety, ultimately with the focus on the patient, 
facilitated by engagement of a coordinated care 
team supporting the process fl ow. When fl ow is 
well established and pull drives the fl ow, ulti-
mately, patient care can be viewed as either on-
fl ow or off-fl ow for a particular disease process. 
Rounds then should concentrate on identifying 
patients with abnormal fl ow trajectories and 
developing a plan to reestablish the patient in a 
particular fl ow process.  
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    Waste 

 Waste (muda) is a key concept in the Toyota 
Production System and in Lean. Waste refers to 
anything that does not add value to the delivery of 
health care to the patient. The goal of Lean is to 
identify waste and eliminate it. There are seven 
types of waste in healthcare, as there are in manu-
facturing and include:
•     Inventory:  stockpiling of clinical supplies  
•    Transportation:  refers to damage to items and 

transaction costs associated with moving them  
•    Movement:  RNs looking for items that should 

be clearly labeled or having to walk a distance 
to retrieve commonly used supplies  

•    Waiting:  Staff waiting for supplies to be deliv-
ered or for a patient to be admitted  

•    Over-processing   
•    Over-production   
•    Defects      

    5S 

 The 5S process tackles several types of waste: 
excessive movement, waiting, and inventory man-
agement. Inventory often accumulates in hospitals 
and can become excessive and obsolete if not 
evaluated on a regular basis. While waiting can be 
a necessary part of clinical care, how often is staff 
waiting for supplies that are not readily available 
to them? Or how often is an OR case canceled 
because the right implants were not ordered? 
Finally, excessive movement is a less recognized 
form of waste in healthcare. 5S can reduce the 
amount of “walk time,” increase the amount of 
productive time by placing supplies near where 
there will be used, and be used to designate places 
for commonly used items. For example, if the 
bedside procedure cart or ventilator are always 
returned to their labeled locations (Fig.  20.2 ); the 
provider will not have to spend several minutes 

a b

  Fig. 20.2    Visual communication tells personnel where items are located, how many should be there, and who is responsible 
for maintaining them ( a ) Card depicting location of ICU based procedure cart. ( b ) Card depicting location of two ventilators       
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walking around the unit looking for it. In short, 5S 
is a way of organizing the workplace to make it 
function more effectively.

   The 5S process is carried out by small teams 
of ICU staff who work to get supplies closer to 
the point of care and organized and labeled to 
facilitate care with the least amount of wasted 
time and materials. The 5S’s are sort, simplify, 
sweep, standardize, and sustain.
•     Sort:  Go through all supplies, materials, etc. at 

the bedside and in the ICU work area. 
Eliminate what is not required. If in doubt, 
throw it out. Keep only essential items in read-
ily accessible locations.  

•    Simplify:  Everything should have a place or 
point of use (POU). Items should be arranged 
according to how frequently they are used. 
Visual cues (i.e. photographs of equipment) 
and labels should be used to call out the POU 
for item.  

•    Sweep:  Keep the workplace clean and orga-
nized using visual and physical checks. 
Everything should be at its POU. The 5S plan 
calls out how frequently a sweep will occur 
and who will do it, i.e. the charge nurse at the 
end of every shift.  

•    Standardize:  The work groups create stan-
dards that describe how the work will be done. 
These standards are communicated to every-
one involved in the work process.  

•    Sustain:  Ensure disciplined adherence to rules 
and procedures to prevent backsliding. This is 
the most diffi cult and, arguably, most impor-
tant “S” of the process. The work groups 
should also create a plan of how they will sus-
tain the gains made with the fi rst 4S’s.      

    Creating Demand Flow 

 One of the key principles of the Lean methodol-
ogy is to use “pull” systems to avoid overproduc-
tion and streamline fl ow. In a “pull” system, an 
upstream process replaces what the downstream 
consumer has used. The ICU is a highly variable, 
dynamic and consumptive environment. The 
need for supplies varies with patient census, 

 acuity, and diagnosis. Furthermore, ICU staff 
often need supplies in a highly time-sensitive 
manner. The ICU is not a place where the staff 
can wait to provide care because the “parts are on 
order.” ICU staff members need to know that sup-
plies will be where they want them, when they 
want them. Missing supplies can, quite literally, 
be the difference between life and death in the 
ICU. ICU is the embodiment of the “just in time” 
(JIT) mantra from Lean methodology. 

 How do members of the ICU team respond 
to variability in the supply delivery chain? They 
hoard the supplies they need and keep them close 
by. Ask any ICU team member why they do this 
and they will say “Well, I know I’ll have what I 
need when I need it.” How can this behavior be 
changed? What can organizations do to ensure 
timely delivery of and access to supplies? The typ-
ical answer is to have a large warehouse or central 
supply area that holds a great deal of inventory; 
this ensures that every product one might need is 
maximally represented, but is expensive. 

 The experience of the Toyota Company dem-
onstrated that this approach does not work well 
and actually leads to the “hoarding” behavior 
described earlier. Using the Lean methodology, 
Toyota modeled a delivery system based on 
supermarket delivery systems in the United 
States. Grocery owners know that goods are sold 
at different rates. If bananas sell much faster than 
kumquats, does it make sense to buy the same 
volume of both? The store wastes kumquats and 
loses money if it buys as many kumquats as it 
does bananas; conversely, the store will run out 
of bananas very quickly and lose customers, if it 
buys them at the kumquat rate. The solution is to 
buy small volumes of each fruit and restock the 
shelves at the rate the fruit is being sold. The 
same logic can be applied to medical supplies. 
Alcohol wipes are used at an infi nitely higher rate 
than dialysis catheters. It doesn’t make sense to 
restock both at the same volume or rate; however, 
this is what most hospitals do. 

 This practice is further supported by the fact 
that most hospitals lack standards around supply 
and storage. For example, regarding supplies, 
hospitals often purchase a large variety of items 

20 Lean in the Cardiac Intensive Care Unit



268

to meet provider preferences or to achieve  volume 
discounts. Three surgeons doing the same proce-
dure may use three different sets of supplies and 
surgical kits, leading the hospital to purchase and 
maintain more items. Further, if the supplies are 
not stored in an orderly manner, they accumulate 
in hidden areas or are lost, leading to more pur-
chasing. These behaviors adversely affect the 
hospital’s revenue by tieing up capital in excess 
inventory and space. 

 At Seattle Children’s Hospital, we created a 
process called Demand Flow (DF) to ensure that 
correct supplies are delivered to the right loca-
tion, at the appointed time, in the necessary quan-
tity. DF is based on the use of  kanban  in Lean. 
 Kanban,  which means “a visual signal,” automat-
ically signal when a new product or supply is 
needed & is based on the “pull” system. It is a 
key part of JIT production which is essential in 
eliminating waste in a system. DF creates a reli-
able method for supply replenishment. As the 
name suggests, as the customer needs supplies 
(demand), they are replaced as needed (fl ow). 
The DF process started with a comprehensive 
review of the supply needs of our ICUs. What 
supplies did we use with greater frequency? What 
supplies languished on our shelves for months? 
What supplies did nurses and doctors hoard? 
This review yielded information on what supplies 
the ICU used and at what volume and velocity. 

 Each supply is assigned to a  kanban  or, at 
Seattle Children’s, a blue bin that is sized to hold 
5 days’ worth of supplies. Our team determined 
that the par-level for our supplies should be 
5 days. Par level is the level of supplies or items 
considered necessary to have at all times. The 
blue bins are then placed on shelving in the unit’s 
supply area. The bins are labeled with a barcode 
that contains information about the item itself, 
the number if items in the bin, and the bins’ 
location. 

 Seattle Children’s uses a “2-bin”  kanban  sys-
tem (Fig.  20.3 ). In the 2-bin system, each blue 
bin has a duplicate, containing the same item, 
behind it. When the fi rst bin is empty, it is pulled 
from the shelf and put in an empty bin container. 
The duplicate bin is moved to the front of the 
shelf. The fi rst bin, after has been refi lled, is 

placed behind the bin that is currently in use. 
Inventory technicians from Central Supply check 
the empty bin container several times per day and 
return empty bins to the DF staging area in 
Central Supply. Here the bins are scanned, 
refi lled, and returned to the ICUs DF area. Our 2 
bin system doesn’t rely on a central warehouse 
for supplies; in a unique process, order informa-
tion is transmitted directly to our distributors and 
manufacturers. The scanning process allows 
Central Supply to track the frequency with which 
bins are refi lled on hour to hour basis. This allows 
them to increase the par-level of commonly used 
items and decrease or eliminate items that are 
being used less frequently.

   DF worked so well in our supply areas that 
nurses thought the same principle could be 
applied to our bedside carts. In the ICUs, bedside 
carts contain items that nurses and respiratory 
therapists need to have at their fi ngertips, i.e. 
alcohol swabs, syringes, and suction catheter. 
Nurses and other staff were frequently going to 
the unit DF to replenish supplies in the bedside 
carts; they were now hoarding at the bedside. The 
fl ow of work was often disrupted to go and get 
supplies. Hence, a work group of ICU RNs and 
RTs replicated the entire DF process with the 
bedside carts. They determined what supplies 
were needed and what the par-levels should be. 
The group designed special bedside cart that 
could support a two bin  kanban  system. The DF 
principles are the same; however, when the bin is 
empty, it is placed in the “empty bin spot” in each 
room. It is restocked by our ICU techs that check 

  Fig. 20.3    Supply chain demand fl ow node       
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each room every few hours, more frequently if 
needed. The techs restock from the unit’s DF 
area; thus the information about supply use is still 
communicated to Central Supply. 

 DF has allowed reducing waste by creating an 
organized and visual delivery supply system, 
reducing excess and obsolete supplies, eliminat-
ing storage space in warehouses and in clinical 
areas, and improving just in time access to 
 supplies. It has also changed the culture of our 
providers who no longer have to hoard and have 
learned to trust that the equipment they need will 
be available for them when they need it. All of 
this adds up to improvements in the delivery of 
quality patient care, a trusting culture and fi nan-
cial savings.  

    Huddles/De-Briefs 

 Several years ago, the number of ICU beds and, 
hence, the number of staff had grown consider-
ably; the complexity of our patient population 
had also increased dramatically. Huddles were 
created as a way to improve situational awareness 
and communication between team members. 
Situational awareness is an understanding of the 
current environment and the ability to accurately 
anticipate future problems, thus enabling effec-
tive actions to be taken [ 25 ]. Simply, it is the 
shared knowledge of what is happening in the 
ICU (Fig.  20.4 ). Which RN has the sickest 
patient? Who will be traveling to CT?

   Every day prior to the start of each shift, a hud-
dle occurs in the CICU next to the patient status 
board. Each member of the team introduces  herself 

and states her role on the team, i.e. “I’m Debi 
Newberry and I’m the CICU attending today.” The 
charge nurse then goes on to update the team on 
admissions, discharges, patients on support 
devices (ECLS or CRRT), “active” patients, and 
who will be traveling of the unit. The whole pro-
cess takes from 5 to 7 min; the entire CICU staff 
now knows what’s going on in the unit. 

 The success of the twice daily shift huddles 
led the team to implement huddles following 
both admissions to the ICUs and major events 
(i.e. code blues). These huddles are very similar 
in function and purpose to After Action Reviews 
used by the military [ 26 ]. After Action Reviews 
are structured short debriefs that occur to analyze 
a complex process. Huddles that occur following 
admissions are brief reviews of why the patient is 
in the ICU, what the plan is for next hour or two, 
and whom to contact with questions. During the 
post-event huddles, the team discusses what hap-
pened, why it happened, and how the process 
could have been done better/differently. These 
reviews create a culture of accountability and 
drive the team to improve.  

    Bedside Catheter-Associated 
Bloodstream Infection Reviews 

 Central venous catheters (CVCs) are used exten-
sively in the ICU for the delivery of vasoactive 
and/or high-osmolarity medications, monitoring 
of intravascular status, and removal of blood for 
laboratory evaluation. More than fi ve million 
patients in the US alone required central venous 
access in 2010 [ 27 ,  28 ]. As central line venous 
catheters have become more common, so have 
the many complications that are associated with 
them. The most common complications are 
infectious and thrombotic; both of which are 
associated with increased length of ICU and hos-
pital stay, increased medical costs, and increased 
morbidity and mortality. By far the most com-
mon adverse result of CVC use in the ICU is 
catheter line-associated bloodstream infection 
(CLA-BSI). CLA-BSIs, in addition to being sig-
nifi cantly detrimental to the health of patients, 
are expensive and often diffi cult to treat. 

Yourself

Your equipment

Your enviornment

Your team

  Fig. 20.4    Situational awareness depiction       
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 In an effort to reduce CLA-BSIs, our ICU 
formed a committee to track all infections and 
implement practice changes. The committee is 
comprised of all members of the ICU team and 
infection prevention offi cers. The committee pro-
posed and implemented standardized CVC inser-
tion and maintenance bundles. The number of 
days without a CLA-BSI was tabulated and 
posted in a central location for staff and families 
to see. In 2009, we implemented a bedside root 
cause analysis team to review all infections. 
Within 48 h of the identifi cation of a BSI, the ICU 
Clinical Nurse Specialist, the ICU infection pre-
vention offi cer, and an ICU physician convene at 
the patient’s bedside to discuss the BSI. The bed-
side RN and the parents join the  discussion. The 
goal is to determine if there were any risk factors 
for infection and what, if anything, could have 
prevented the infection. This process supports a 
culture of accountability to our patients, involved 
families in transparent and authentic manner, and 
identifi es areas for improvement and process 
change.  

    Standard Work 

 Standard work is a common method for treating a 
particular population of patients that all providers 
at an institution are expected to adhere with the 
aim of reducing variability of care. When possi-
ble, standard work methods are based on pub-
lished evidence and guidelines for diagnosis and 
management. When published literature is absent 
for a particular question, multidisciplinary pro-
viders involved in the care for this population of 
patients comes to a consensus regarding the best 
approach to treatment. Standard work in the clin-
ical setting may be implemented in a variety of 
forms that includes algorithms, checklists, com-
puterized alerts, and electronic ordersets. A sin-
gle person, the process owner, is responsible for 
receiving feedback regarding the treatment meth-
ods and implementation tools. The consistent 
approach to treating a group of patients serves as 
a basis for improvement. Outcome measures are 
followed and evaluated with the intent of future 
modifi cations to improve patient care based on 

institutional experience and the advent of new 
published literature. The following example is 
meant to illustrate one way these concepts have 
been used in our clinical setting. 

 In August of 2012, Seattle Children’s Hospital 
began to use a standard pathway to treat neo-
nates with ductal dependent systemic blood 
fl ow admitted to the cardiac intensive care unit 
during the pre-operative period. The specifi c 
population addressed by the pathway included 
patients greater than 35 weeks gestational age 
with ductal dependent systemic blood fl ow that 
was not secondary to an isolated coarctation of 
the aorta or obstructive pulmonary venous return. 
Patients presenting in septic or cardiogenic shock 
were excluded. Similarly, patients with signifi -
cant comorbidities outside of cardiac disease 
and those with plans for comfort care or with-
drawal of life-sustaining support were also not 
included. This pathway included management 
recommendations for pre-hospital care, initial 
evaluation, preferred intravenous access, and a 
step-wise approach to pulmonary overcirculation 
based on severity. The pathway was operational-
ized in the form of an algorithm (Fig.  20.5 ) and 
electronic order set. For example, a neonate born 
with prenatally diagnosed hypoplastic left heart 
syndrome would be started on alprostadil at a 
rate of 0.03 mcg/kg/min prior to transportation 
to Seattle Children’s Hospital in accordance with 
the pathway. However, suppose the infant has 
periods of apnea after admission to the cardiac 
intensive care unit. Based on previous consensus, 
the fi rst step in treating this patient would be to 
decrease the rate of alprostadil to 0.01 mcg/kg/
min. If this intervention proved ineffective, then 
high fl ow nasal cannula would trialed before 
continuous positive airway pressure (CPAP), and 
prior to intubation. The expectation is to adhere 
to this planned escalation of therapy unless there 
was a compelling medical reason to deviate from 
the pathway. For example, if the patient was diag-
nosed postnatally with hypoplastic left heart syn-
drome and the ductus arteriosus was small on the 
admission echocardiogram, then a provider may 
choose to initiate high fl ow nasal cannula as a fi rst 
step to treat episodic apnea rather than decrease 
the dose of alprostadil. The algorithm is rapidly 
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Neonates with ductal dependent
systemic blood flow

Isolated coarctation of the aorta
Obstructive pulmonary venous return
Cardiogenic shock
Prematurity ( < 35 weeks post
menstrual age)
Other significant comorbidities
Comfort care
Sepsis
Withdrawal of support

IVF: D10W @ 60 mL/kg/day
NPO
PGE infusion: start 0.03 mcg/kg/min consider decreasing to
0.01 mcg/kg/min if significant apnea
IV access: in order of preference

a. High UVC above diaphragm
b. PIV is adequate (consider 2 PIVs for long-term)
c. Low UVC below diaphragm

Phone call to operating institution on DOB
For transport from distance: intubation per ALNW standard.

Admission History and Physical,
Toe temp

Routine neonatal care

Assessment Therapy IV access

Resp: if apnea refractory to
decreasing PGE start
HFNC→CPAP→intuballon
CV: PGE 0.01-0.03 mcg/kg/min

ID: lnitiate nasal mupirocin 3 days
prior to expected OR date
OT: non-nutritive oral therapy
Care coordination:

D/W family
D/W referring cardiologist
D/W referring neonatologist
Conference presentation

Heme: If perfusion is borderline.
maintain hct > 40%. Otherwise
> 35% is adequate, enroll in infant
blood protocol with pre-op orders
phase (sooner if transfusion
required)

FEN: NPO, IVF's Begin TPN
hospital day 2. Total fluid-80-
100 mL/kg/d

Chest X-ray
ECG
Echo

Consultation

Neonatology
Cardiology

Cranial and Renal ultrasound
Assessment for operative
readiness
Daily completion ot operative
readiness checklist

Assessment of Qp:Qs
Admission labs: Lytes, CBC (if not
already drawn), +/- blood gas and
lactate (if in distress)

Pre-operative ductal dependent systemic blood flow pathway v.1.0

Executive Summary Explanation of Evidence Ratings

Exclusion criteria

Pre-hospital care

Inclusion criteria
summary of version ChangesTest your knowledge

Prehospital: Request that referring
hospital place a UVC, but should not
delay transport
Inpatient Arrange for lower
extremity PICC line at bedside by
neonatal PICC team
If unsuccessful, request lower
extremity PICC line placement by IR
within 48 hours of admission
Remove UVC after PICC placement
Note: in most cases. a UAC is not
necessary. but can be placed if
lndicated

•

•
•
•
•

•
•
•
•

•
•
•

•

•
•

• •
•

•

•
•

•

•
•

•
•
•
•

•

•

•

•
•

•
•

•
•
•

•
•

•
•

•

  Fig. 20.5    A sample of the Ductal Dependent Systemic 
Blood Flow pathway at Seattle Children’s Hospital. Links 
to the rationale behind the pathway and to summaries of 
the evidence behind recommendations are easily accessed 

through the diagram. Feedback or questions can be easily 
directed to the appropriate personnel through e-mail con-
tacts listed at the bottom of each page of the pathway       
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accessible to all providers through the hospital’s 
intranet and the document includes links to the 
evidence supporting particular recommendations 
that is easily accessible to minimize interruption 
in work fl ow. The pathway also includes a pre-
operative checklist (Fig.  20.6 ) that ensures that a 
panel of standard diagnostic tests has been com-
pleted for each patient including an electrocardio-
gram, echocardiogram, chest radiograph, renal 
ultrasound, and cranial ultrasound. The checklist 
also serves as a reminder for providers to address 
concerns by organ system preoperatively, such as 
completion of a course of antibiotics or comple-
tion of genetics consultation.

    The products of standard work function to 
minimize variation between providers if con-
sistently utilized. Implementation and adoption 
of standard work relies on creating consensus 
or getting “buy-in” from the various groups of 
people involved in patient care. Standard work 
processes generally function best when they are 

created by the people who do the work. Input 
from multidisciplinary groups, including physi-
cians from multiple subspecialities, nurses, nurse 
practitioners, pharmacists, respiratory thera-
pists, and information technicians are important 
in creating consensus and laying the foundation 
for future compliance with an algorithm, check-
list or alert. In the case of the ductal dependent 
systemic blood fl ow pathway, a cardiac intensiv-
ist and a cardiologist were initially involved in 
writing the content of the algorithm and translat-
ing it into an electronic orderset. The algorithm 
and pathway were reviewed by other members 
of the intensive care and cardiology division to 
gain consensus, as well as, reviewed by neo-
natologists, nurse managers, pharmacists and 
respiratory therapists. Prior to using the pathway 
for patients, providers who work in the cardiac 
intensive care unit learned about the elements of 
the ductal dependent systemic blood fl ow path-
way and orderset through a mandatory online 

Operative Readiness Checklist (Cont'd)

Cardiovascular clinical, historical, and diagnostic
elements reviewed with no additional follow up
required: ECHO, ECG, cardiology consult Readiness
confirmed?

Yes No:

Infectious disease clinical, historical, and diagnostic
elements reviewed with no additional follow up
required. Readiness confirmed?

Yes No:

Renal clinical, historical, and diagnostic elements
reviewed with no additional follow up required: Renal
ultrasound. Readiness confirmed?

Yes No:

Genetics I metabolic issues reviewed with no additional
fol low up required. Readiness confirmed?

Yes No:

Attending Attestation: All elements reviewed with no
known contraindications to proceed with surgery.

Yes No:

The patient is going to surgery now.
Yes

Respiratory clinical, historical, and diagnostic
elements reviewed with no additional follow up
required: CXR. Readiness confirmed?

Yes No:

Gastrointestinal clinical, historical, and diagnostic
elements reviewed with no additional follow up
required. Readiness confirmed?

Yes No:

Hematologic clinical, historical, and diagnostic
elements reviewed with no additional follow up
required. Readiness confirmed?

Yes No:

Neurologic clinical, historical, and diagnostic
elements reviewed with no additional follow up
required: Cranial ultrasound. Readiness confirmed?

Copies of this checklist can be found on CHILD here.

Yes No:

1.1. 6.

7.

8.

9.

10.

2.

3.

4.

5.

  Fig. 20.6    A copy of the operative readiness checklist for patients with Ductal Dependent Systemic Blood Flow that is 
fi lled out daily by an intensive care fellow or cardiac intensive care attending       

 

H.E. Jeffries et al.



273

educational module. The module reviewed the 
evidence and level of evidence for management 
decisions. Recommendations that were derived 
from local consensus were also noted. Providers 
were required to complete a series of questions 
pertaining to content of the pathway. As provid-
ers began to use the order set for admission of 
neonates with ductal dependent systemic circula-
tion and follow management recommendations, 
feedback could be given to the process owner. 

 The metrics for improvement of patient care 
were determined prior to the implementation of the 
pathway. For this particular pathway, the metrics 
included median hospital length of stay and pre-
operative length of stay, the number of patients who 
meet criteria for the pathway who had the orderset 
utilized, average hospital charges per patient, and 
daily operative readiness checklist completion. 
Data was collected and regularly reviewed by the 
clinical standard work group to ensure adequate 
implementation of the existing pathway. The con-
tent of the pathway is planned to undergo periodic 
review every 3 years to incorporate new evidence-
based medicine and experience of the providers 
with the current management strategy. 

 Concerns that the implementation of standard 
work processes will diminish the “art of medicine” 
have arisen. Clinical standard work in its many 
forms does not replace the need for clinical experi-
ence and assessment skills, but rather is useful to 
expedite work fl ow in a busy hospital environment 
by allowing similar types of patients to receive nec-
essary tests and interventions and avoiding unnec-
essary expenses. Information about patient 
outcomes should be used to further refi ne standard 
work processes in an iterative fashion to continu-
ally improve the quality of patient care.  

    Conclusions 

 Lean management techniques have found an 
important place in quality and process improve-
ment in hospitals and ICUs. In order for this 
methodology to continue to gain acceptance, 
hospitals must prove that it adds value and can 
stand the test of time and effort. The most dif-
fi cult aspect of any improvement technique is 
sustaining and lean is no different. However, 
with the incorporation of  management systems 

that require continual reevaluation of process 
outcomes, lean should have the staying power 
that has eluded earlier methods.     
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    Abstract  

  Improving how we safely and effi ciently care for patients is a paramount 
issue for health care organizations. Yet, most institutions struggle with 
how to systematically achieve a continuously learning and improving pro-
gram. Lack of organization, variability in clinical care, insuffi cient 
resources and competing agendas are common contributing factors to poor 
sustainability in quality improvement efforts. 

 Local Improvement Teams (LITs) are unit or patient population-based 
teams that apply structured problem solving methodologies to improve 
care processes toward achieving the Institute of Medicine’s 6 aims: safe, 
timely, effective, effi cient, equitable, and patient- centered care. LITs rep-
resent a fundamental aspect in creating an intelligent enterprise: the matu-
ration of a frontline interface that connects the organization’s core 
competency with the needs of the patient. Team structure, process, train-
ing and launch strategies are described in this chapter along with tactics to 
develop standard work, daily accountability process and standard work for 
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        Introduction 

 Since the publication of two landmark reports on 
the U.S. health care delivery by the Institute of 
Medicine (IOM), improving the quality of the 
health care system has become a national priority 
[ 1 ,  2 ]. In the report  Crossing the Quality Chasm : 
 A New Health System for the 21st Century , the 
committee builds a clear case for systematic 
improvement. The report openly states that health 
care today harms too frequently and routinely 
fails to deliver its potential benefi t citing several 
publications that document signifi cant quality 
shortcomings [ 1 ]. In a daunting report by the 
Institute of Healthcare Improvement (IHI), only 
13 % of quality improvement initiatives are con-
tinued after 1 year providing perspective on the 
immense challenges in changing an organiza-
tion’s practice in a sustainable fashion. The IOM 
concludes that simply  trying harder will not 
work. Changing systems of care will . 

 Local Improvement Teams (LIT’s) represent a 
local milieu embedded within a larger organiza-
tion in which providers, support staff, organiza-
tional leadership and patient representatives 
converge to analyze and implement systematic 
changes to improve the quality, effi ciency and 
safety of health care. Like other clinical micro-
systems, LIT’s are adaptive systems made up of 
front-line providers who are responsible for 
delivering most of the care to the patient. Because 
LIT’s represent the most proximal constituent to 
the patient, they best understand the local sub-
population of patients and peers along with pro-
cesses and patterns that make up their unit 
culture. LIT’s represent a fundamental aspect in 
creating an intelligent enterprise: the maturation 
of a frontline interface that connects the organi-
zation’s core competency with the needs of the 
individual customer – in this case, the patient. 

 The following chapter provides an overview 
of a unit-based local improvement team and its 
function in connecting larger organizational 
goals to frontline providers for measurable 
improvement in health care delivery. We will 
focus on the steps for successful implementation 
of a LIT within an institution describing organi-
zational tools that promote consistency, effi cacy 

and authority. Finally, a framework of the struc-
ture and support necessary for a creating a sus-
tainable system with reliable processes and 
methodologies using case examples is described.  

    Local Improvement Team Overview 

 The LIT is based on the “Clinical Microsystems” 
improvement model originally developed at 
Dartmouth University [ 3 ]. The LIT is a perma-
nent, multidisciplinary team that is specially 
trained in improvement methodologies with the 
goal of supporting the front line in producing 
highly reliable, safe, effective, timely care to our 
patients and families. The team’s primary func-
tions are to assess and prioritize complex prob-
lems, to develop and test countermeasures to 
address the problems, then create and continu-
ously improve effective countermeasures (e.g., to 
create and manage standards). The LIT works in 
conjunction with strategic goal deployment 
(a.k.a. “hoshin kanri;” agreement and account-
ability at all levels) and daily management sys-
tem (described below) [ 4 ]. 

    Team Composition 

 The LIT’s focus is not limited to one problem or 
project, but rather it is a permanent team struc-
ture formed to lead system improvement at the 
local level. The team is multidisciplinary, rep-
resenting the roles within the local unit, includ-
ing patient/family members, and are led in a 
dyad partnership by nurse-physician leaders 
[ 5 – 7 ] . The work of improving the system of care 
may be accomplished either within the LIT, or 
by training and guiding subgroups through an 
organized improvement process with LIT over-
sight. Improvement cannot be sustained within 
the small team—the team should continuously 
involve all other members (as applicable) of the 
local unit. The team also requires ancillary sup-
port from resources peripheral but integral to the 
local unit including, but not limited to analytics, 
clinical informatics, executive and administrative 
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leadership. Ad hoc ancillary partners may also be 
included such as pharmacy, dietary, lab, respira-
tory therapy, and housekeeping.   

    Steps for Implementation 

 Defi ning the core team is an imperative fi rst step in 
the implementation of a LIT [ 6 ]. The “core team” 
includes those interdisciplinary team members who 
will be actively involved in all improvement work. 
As outlined above, each team requires a nurse and 
physician lead to represent most of the perspectives 
of the local environment. One of the most necessary 
and essential resource for the core team is time. 
Committed time facilitates productivity, enables 
sustainability and establishes accountability. The 
allotment in dedicated time for the local leaders is a 
philosophical investment that has real gains mea-
sured by the economical implications in quality 
improvement work – specifi cally the optimization 
of clinical resource utilization and the reduction and 
elimination of preventable adverse events and hos-
pital acquired conditions. The interdisciplinary core 
team should refl ect and represent the important per-
spectives and components that defi ne the interface 
between unit and patient. The development of a 
charter as an overarching guide should include 
short-term and long-term aims, membership expec-
tations, meeting frequency, and a defi ned organiza-
tional decision- making process. 

 An important lesson for an initial team is to 
understand the culture of a local unit along with 

the specifi c challenges associated with institu-
tional change. To understand the dynamics of 
change in a manageable way, it is important to 
start with a well-circumscribed, short-gain project 
so as to establish an effi cacious and reliable pro-
cess. Though the initial project should be small in 
scope, the process should still be rigorous and 
intentional. It begins with an assessment of the 
local unit using established methodologies for 
unit evaluation ( e.g ., the 5 P’s [Purpose, Patients, 
Professionals, Processes, and Patterns] or Assess, 
Diagnose, Treat Workbook) [ 5 ,  6 ]. The assess-
ment includes documenting the steps of major 
processes, as experienced by the patients (also 
called “Value Stream Mapping”) [ 8 ], and a review 
of clinical, service, and cost outcomes data [ 5 ]. 

 Choosing a problem may invoke diverging 
opinions. Multiple perspectives from multiple 
stakeholders in a local environment pose chal-
lenges to the team to determine the direction in 
quality improvement work. The LIT should 
leverage available venues to include other unit 
members in the decision-making process. 
Concepts such as a Wall Chart of the top 5 or so 
processes to work on with a “polling” mechanism 
for each discipline that works in the unit to par-
ticipate in problem selection [ 7 ] (see Table  21.1 ). 
It is important to remember that the scope of the 
initial problem should be fairly narrow with an 
estimated timeframe of 3–6 months. It should 
also be an important problem to work on at the 
time it is selected to ensure broad support; align-
ment with the institutional agenda is essential [ 9 ].

   Table 21.1    Wall chart multi-voting example   

 Process 
 Never a 
problem 

 Sometimes a 
problem 

 A problem 
about ½ the 
time 

 A problem 
most of the 
time 

 Always a 
problem! 

 Patients and 
Families have 
concerns 

 Line Infection 
prevention 

                  

 Surgical site 
infection prevention 

                        

 Pain management 
 Hand-off from OR 
 Discharge 
instruction 
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      Training the Team 

 Team members likely have varying experience 
and knowledge of improvement techniques. To 
level-set and ensure team members are ade-
quately prepared to do and lead improvement 
work, formal preparation should ideally be 
together. Training typically includes didactic les-
sons on education and improvement methodolo-
gies. More importantly and realistically, training 
should occur in “real time” and revolve around 
the problem selected. By receiving “in the 
moment” coaching with a relevant problem 
within the unit enhances success and promotes 
credibility of the LIT. There are many improve-
ment methodologies including the Toyota’s 
8-Step Problem Solving [ 10 ] (Table  21.2 ) and 
A3-thinking [ 9 ] (Fig.  21.1 ). These improvement 
modalities are based on the Shewhart PDCA 

cycle [ 10 ]. Table  21.3  highlights an example to 
integrate improvement methods into a training 
program.

          Designing Highly Reliable, 
Sustainable Processes 

 We in healthcare have had a pretty clear idea of 
 what  to do. There are innumerable reports that 
elaborate best practices. Yet, there continues to 
be important variation in care processes with sig-
nifi cant variability between individuals, units, 
and centers. The reasons are likely multifactorial 
but in essence: (a) we do not agree on a standard 
way of doing our work and/or (b) we have not 
designed the process well. In order to build a 
highly reliable process, systems must be designed 

   Table 21.2    8-step problem solving [ 10 ]   

 Problem solving steps  Processes for each step 

 Plan  1. Clarify the problem  1. Identify the ultimate goal 
 2. Identify the target condition (interim goal) 
 3. Identify the gap between the target condition and current state 

 2. Break down the problem  1. Break the problem down 
 2. Select the specifi c problem to solve 
 3.  Specify the point of cause (go and see—who, when, where, why, 

how is it happening?) 
 3. Set aim/target  1. Commit to solving the problem 

 2. Set a measurable, concrete, challenging, time specifi c target/aim 
 4. Root cause analysis  1. Without preconception, consider as many potential causes as possible 

 2. Based on facts gathered by going and seeing, keep asking “why?” 
 3. Specify the root cause 

 5. Develop countermeasures  1. Develop as many as possible 
 2. Narrow down to the most practical and effective 
 3. Build consensus with others 
 4. Create a clear and detailed action plan 

 Do  6. See countermeasures through  1. As a team, implement countermeasures (changes to test) quickly 
 2.  Share progress by following reporting, informing and consulting 

communication practices 
 3. Never give up, and proceed to the next step quickly 

 Check  7. Monitor results and process  1.  Evaluate the overall results and the processes used, share evaluation 
with involved team members 

 2. Evaluate from three viewpoints: patient (customer), hospital, yours 
 3. Understand factors behind success or failure (learn) 

 Adjust  8.  Standardize successful 
processes 

 1. Structure successful process (standardize) 
 2. Share new precedent through horizontal deployment 
 3. Start next the round of incremental improvement 
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so that the right thing to do is either the only thing 
that can be done (error-proofed) or the easiest 
thing to do. 

    Designing Standard Processes 

 Each healthcare system has multiple standards in 
the form of policies and procedures. However, 
most institutional policies and procedures are 
overwhelmed with dense texts and numerous 
pages that defy utility. Not uncommonly, existing 
policies contradict one another or fall out of cur-
rent practice, which contributes to confusion and 
threatens standard practice. 

 The most signifi cant limitation lies when there 
are no existing standards. Taiichi Ohno famously 
said: “Without standards, there can be no 
improvement” [ 11 ]. Philosophically, it is not pos-
sible to have multiple “best ways” of doing 
 something—especially when considering the 

patient’s vantage point. Standardization of prac-
tice is a necessary process in order to improve 
practice. Stable and standard processes are the 
basis of system stability and provide the frame-
work to improve the quality and safety of care. 

 Although evidence through scientifi c investi-
gation is unavailable for most care processes, 
many different formats for developing standards 
exist. One of the better standard development 
methods comes from WWII training methods 
called “Training Within Industry” [ 18 ,  24 ]. Some 
basic questions should be answered by the stan-
dard, such as who should do the work, how it 
should be done, and why it is done this way. The 
job role (as applicable), steps, sequence, and tim-
ing points should be listed utilizing a format such 
as the Job Breakdown Sheet (Fig.  21.2  is an 
example of a job breakdown sheet).

   Using a format such as a Job Breakdown Sheet 
will enhance the team’s ability to teach the new 
standard. Though necessary, it is an insuffi cient 

  Fig. 21.1    A3 problem solving tool example [ 11 ]. Note: this tool has a method to its use. It is meant to be taken to the 
workplace, involve many other people, and be edited many times [ 8 ]       
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   Table 21.3    Example LIT training program   

 Day 1  Day 2 

 Time  Topic  Time  Topic 

 0:15  Team dynamics [ 12 ]  0:30  Data analysis and measurement [ 3 ] 
 0:10  System thinking [ 3 ,  13 ]  0:30   Exercise :  develop measures  
 0:10  Clinical Microsystem overview [ 3 ,  5 ,  6 ]  0:20  Project management basics [ 5 ,  9 ,  14 – 16 ] 
 0:30   Exercise :  5 P’s review  [ 5 ]  0:30   Exercise :  Plan your tests of change  
 0:20  Clarifying and breaking down problems: 

understanding current state [ 9 ] 
 0:20  Change management/gaining agreement (A3 

thinking) [ 9 ,  17 ] 
 1:30   Exercise :  go to the workplace and see  ( who ,  what , 

 when ,  where ,  why does the problem happen ?).  
Use timers ,  spaghetti diagrams ,  etc. as needed  

 0:30   Exercise :  plan how to use A3 thinking to gain 
agreement ,  test changes ,  fi ll out A3  

 1:00   Exercise :  debrief ,  draw current state map , 
 record all data ,  give shape to problem  

 0:15  Designing standards [ 18 ,  19 ] 

 0:10  Specifying the problem to solve: set target [ 9 ]  0:30  Managing standards: Daily management 
system overview [ 20 ] 

 0:30   Exercise :  set target  ( improve by how much ,  by 
when ?) 

 1:30   Exercise :  Go to see management system 
components :  standards ,  audits ,  visual 
controls ,  leader standard work ,  daily 
accountability process  

 0:15  Root cause analysis [ 9 ,  21 ]  0:45   Exercise :  Debrief ,  and plan / design 
management system  

 0:45   Exercise :  analyze root cause  ( fi shbone ,  5 Whys )  1:00   Exercise :  LIT planning :  meeting times , 
 communication ,  education ,  deliverables  

 0:10  Selecting countermeasures [ 21 ] 
 0:30   Exercise :  choose 1 – 2 countermeasures to try  
 0:20  Planning tests of change: PDCA [ 5 ,  10 ,  22 ,  23 ] 

  Fig. 21.2    Job breakdown sheet example       
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component for sustainable and reliable practice. 
The standard process needs to be supported and 
well managed. Easily accessible supplies, equip-
ment, and staffi ng must be available. The Central 
Line Care standard example above requires three 
components: a way to perform hand hygiene 
(gloves and alcohol wipes), clock, and a staff 
member (already apportioned). Inventory, acces-
sibility, replenishment, and any other barriers to 
the standard practice are important items for 
daily management systems to investigate, audit 
and report back to ensure the reliability of the 
standard processes.  

    Training to the Standard 

 After developing the standard and ensuring that 
the right supplies, equipment, and staffi ng are in 
place, the people performing the standard need 
to be trained well enough to ensure they under-
stand each step, how it is performed, and why it 
is important. Effecting change in behavior pres-
ents one of the most challenging aspects for 
improvement work and starts with transparency 
in goals and directed outcomes. Methodologies 
such as Training Within Industry [ 18 ,  24 ] have 
shown consistent results. The basic structure of 
this training is listed in Table  21.4  below [ 24 ]. 
This format for training, coupled with simula-
tion is an ideal combination for training how to 
perform procedures or high-risk/low-volume 
processes [ 25 ].

       Auditing the Standard 

 Standards that are not checked will inevitably 
breakdown and produce variable outcomes. Clinical 
or administrative circumstances change, new prob-
lems arise, new staff lacking in training arrive, miss-
ing supplies and equipment all contribute to 
challenges in sustainable processes. Standards need 
to be evaluated routinely for these and other prob-
lems—especially critical or time- sensitive stan-
dards. Audits are necessary tools to monitor for 
consistency and reliability and can be leveraged to 
understand ongoing challenges or blindspots to 
standard execution and reliable process.   

    The Management System: 
Managing and Improving 
Standards 

 Creating, training to, and auditing standards is 
not quite half the battle. This has been the typical 
method of improvement in healthcare, and 
although some positive changes have resulted, it 
has clearly not been enough to sustain the gains. 
Only 13 % of improvement efforts in healthcare 
are sustained after a year, but even more discour-
aging, after focused improvement efforts, the rate 
of harm has not dropped appreciably [ 26 ]. The 
system requires fundamental management and 
operational changes. 

 A “lean” management system is comprised of 
fi ve main categories of elements: Stable and 

   Table 21.4    Training within industry method   

 Steps  Key points 

 Step I: PREPARE the worker  Put him/her at ease 
 State the job (process) and ask what he/she already knows about it 
 Place learner in correct location/position 

 Step II: PRESENT the operation 
(process) 

 Tell, show, illustrate one important step at a time 
 Stress each key point 

 Step III: TRY OUT performance  Have him/her do the job and correct errors 
 Have him/her explain each key point as s/he does the job again 

 Step IV: FOLLOW UP  Allow him/her to perform independently. Designate who to go to with 
questions 
 Check frequently, encourage questions 
 Taper off coaching 
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Standard Processes (the section above describes 
this), Problem Identifi cation (most notably via visual 
controls), the Daily Accountability Process, Problem 
Solving, and Standard Work for Leaders [ 20 ]. 

 Problem Identifi cation includes visual controls, 
immediate problem response, and audits. The pur-
pose of visual controls is to highlight and make 
immediately apparent ongoing problems and to 
demonstrate actual compared to expected (or tar-
geted) performance. There are many forms of 
visual controls, including process-based (such as 
results from audit or patient discharge processes), 
outcome-based (such as the CLABSI rate), work-
focused (tasks of the day), and so forth. A good 
rule of thumb is that the visual display should be 
“understood from 5 ft away, within 5 s.” 

 Immediate problem response (also termed 
“andon response”) is an important systematic 
philosophy for getting help  in the moment  when a 
standard process cannot be followed as specifi ed. 
Time-sensitive escalation to resolve small and 
large barriers to standard practice is an important 
factor to eliminate gaps in performance to ensure 
a highly reliable process. 

 As discussed above, audits are essential tech-
niques to capture problems with specifi c stan-
dards. There are many ways of managing the audit 
process. An essential component to successful 
audit processes includes transparency. Visibility 
with the audit practice and the visibility with audit 
results help integrate this practice into the culture 
of the local environment. It is important to contin-
uously link the results of the audit with the short-
term and long-term aims of the LIT. Additionally, 
ensuring leadership are an integral part of the audit 
process establishes the standard and provides 
meaningful implications – both in audit process 
and further understanding best standard practice. 

 Placing data on a wall will not improve a pro-
cess. Data needs to be checked frequently and 
acted upon. The daily accountability (or tiered 
huddle) process is crucial to maintaining the sys-
tem and fi nding problems. Below is a list of sug-
gested tiers [ 20 ]. The huddle meetings are brief, 
highlighting only abnormalities, ideally taking 
place at visibility boards. Adequate staff, sup-
plies, equipment, and patient safety are among 
the common topics to review.

•    Tier 1: Unit staff and team leader (e.g., charge 
nurse) meet at start of shift to review the activ-
ity of the day and known issues.  

•   Tier 2: Team leader and their immediate 
supervisors meet in tier 2 (manager/medical 
director or attending level) in the next huddle. 
Issues are discussed, problems assigned and 
escalated as needed.  

•   Tier 3: Manager/MD level meets with service 
line leader level. Same as above.  

•   Tier 4: Service Line Leaders meet with CNO/
COO/Chief of Staff. Same as above.    
 Managing a system to support standard work 

must have active participation and investment 
from executive leadership. Standard work for 
LIT leaders is aimed at the express purpose of 
maintaining this subtle yet infl uential system of 
identifying and solving problems. Standard work 
for leaders should include routine reviews of 
visual boards to evaluate system status, conduct 
daily accountability meetings, identify real-time 
problems and facilitate real-time solutions [ 20 ]. 

 An example of implementing daily manage-
ment system to sustain and improve standards is 
below:
    The Cardiovascular Intensive Care Unit Local 

Improvement Team aimed to reduce CLABSIs 
by 25  %  in the next 6 months and 50  %  in the 
next year .  

   The team constructed job aids  ( job breakdown 
sheets )  for adequate hand washing utilizing 
alcohol - based hand - gel ,  proper sterilizing 
techniques for central venous catheter access , 
 and standardized central line dressing changes .  

   Training was multi - modal utilizing existing venues 
such as staff meetings and daily huddles and 
unique venues such as simulation capitalizing 
on methods such as Training within Industry 
model  ( mentioned previously ) [ 24 ,  25 ].  

   Audits were integrated into leader standard work. 
Process and outcome metrics were made visible 
on boards ,  and reviewed daily in huddles by 
frontline staff and executive leadership. Data 
from audits revealed several barriers to standard 
work such as inadequate supplies to which sim-
ple solutions were immediately implemented .  

   Leaders encouraged and specifi ed a culture of 
immediate problem response. Each  subsequent 
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solution to a newly discovered barrier to  “ best 
practice ”  led to the maturation of a new stan-
dard work fl ow. With ongoing audits and 
removal of impediments to the standard pro-
cess ,  the  “ best practice ”  was renovated into 
the easiest practice. Building a reliable and 
sustainable system contributed importantly to 
the unit ’ s success in reducing the CLABSI rate 
by 30  %  within 5 months .     

    Conclusions 

 A central element to bridge the gap between 
standard work and best practice is the ability 
for organizations and front line providers to 
refl ect on their work and cultivate change at a 
system level. Pockets of excellence exist in 
our health care system but widespread inter-
individual, unit and institutional variability 
contribute to inconsistent practices that under-
mine innovation and subvert reliable and sus-
tainable processes. 

 A system of continuous quality improve-
ment starts at the interface between the patient 
and the organization. Frontline healthcare pro-
viders are poised to be the most effective con-
stituent of local change integrating both patient 
needs and institutional aims. Local improve-
ment teams are discrete and proximal units that 
connect larger organizational goals to the 
patient. LITs can leverage deliberate improve-
ment methodologies to understand and revise 
healthcare processes through organized efforts 
to reduce waste, complexity and redundancy. In 
the end, success in establishing a highly reli-
able management system is predictable and 
replicable when the investments from leader-
ship are substantive, improvement teams refl ect 
the frontline interface values and the method-
ologies are responsive and visibly organized.     

   References 

        1.   Committee on Quality of Health Care in America, 
Institute of Medicine. Crossing the quality chasm: a 
new health system for the 21st century. Washington, 
DC: The National Academies Press; 2001.  

    2.    Kohn LT, Corrigan JM, Donaldson MS, Committee 
on Quality of Health Care in America, Institute of 

Medicine, editors. To err is human: building a safer 
health system. Washington, DC: The National 
Academies Press; 2000.  

       3.    Nelson EC, Batalden PB, Huber TP, Mohr JJ, Godfrey 
MM, Headrick LA, et al. Microsystems in health care: 
part 1. Learning from high-performing front-line clin-
ical units. Jt Comm J Qual Improv. 2002;28(9):
472–93.  

    4.    Akao Y. Hoshin Kanri: policy deployment for suc-
cessful TQM. Cambridge, MA: Productivity Press; 
2004. 248 p.  

          5.   Nelson EC, Batalden PB, Godfrey MM. Quality by 
design: a clinical microsystems approach. Lebanon/
San Francisco: Center for the Evaluative Clinical 
Sciences at Dartmouth; Jossey-Bass/Wiley; 2007.  

      6.   Godfrey MM, Nelson EC, Batalden PB. Assessing, 
diagnosing, and treating your inpatient unit [Internet]. 
Trustees of Dartmouth College; 2001. Available from: 
  http://www.clinicalmicrosystem.org/materials/
workbooks/    .  

     7.   Nelson EC. Value by design developing clini-
cal microsystems to achieve organizational excel-
lence [Internet]. 2011. [cited 2013 Jun 21]. 
Available from:   http://proquest.safaribooksonline.
com/?fpi=9780470385340    .  

     8.   Rother M, Shook J, Womack J, Jones D. Learning to 
see: value stream mapping to add value and eliminate 
MUDA. Version 1.4 Oct 2009 edition. Cambridge, 
MA: Lean Enterprise Institute; 1999.  

          9.    Shook J. Managing to learn: using the A3 manage-
ment process to solve problems, gain agreement, 
mentor and lead. Cambridge, MA: Lean Enterprise 
Institute; 2008.  

       10.    Deming WE. Out of the crisis. Cambridge, MA: MIT 
Press; 2000.  

     11.   Without standards there can be no kaizen [Internet]. 
The Lean Thinker. [cited 2013 Jul 6]. Available 
from:    http:/ / theleanthinker.com/2009/01/12/
without-standards-there-can-be-no-kaizen/    .  

    12.    Tuckman BW. Developmental sequence in small 
groups. Psychol Bull. 1965;63(6):384–99.  

    13.   Systems thinking [Internet]. Wikipedia Free Encycl. 
2013 [cited 2013 Jul 5]. Available from:   http://en.wikipedia. 
org/w/index.php?title=Systems_thinking&old
id =560631212    .  

    14.    Leach LP, Leach LP. Lean project management: eight 
principles for success. Boise: Advanced Projects, 
Inc.; 2005.  

   15.   Project Management Institute. A guide to the project 
management body of knowledge (PMBOK Guide). 
Newtown Square: Project Management Institute; 
2008.  

    16.    Cohn M. Succeeding with agile: software develop-
ment using Scrum. Upper Saddle River: Addison- 
Wesley; 2010.  

    17.    Jellison JM. Managing the dynamics of change the 
fastest path to creating an engaged and productive 
workforce [Internet]. New York: McGraw-Hill; 2006. 
[cited 2013 Jul 6], Available from:   http://site.ebrary.
com/id/10150089    .  

21 Local Improvement Teams

http://www.clinicalmicrosystem.org/materials/workbooks/
http://www.clinicalmicrosystem.org/materials/workbooks/
http://proquest.safaribooksonline.com/?fpi=9780470385340
http://proquest.safaribooksonline.com/?fpi=9780470385340
http://theleanthinker.com/2009/01/12/without-standards-there-can-be-no-kaizen/
http://theleanthinker.com/2009/01/12/without-standards-there-can-be-no-kaizen/
http://en.wikipedia.org/w/index.php?title=Systems_thinking&oldid=560631212
http://en.wikipedia.org/w/index.php?title=Systems_thinking&oldid=560631212
http://en.wikipedia.org/w/index.php?title=Systems_thinking&oldid=560631212
http://site.ebrary.com/id/10150089
http://site.ebrary.com/id/10150089


284

      18.    Liker JK, Meier D. Toyota talent: developing your peo-
ple the Toyota way. New York: McGraw-Hill; 2007.  

    19.    Blancett SS, Flarey DL. Reengineering nursing and 
health care: the handbook for organizational transfor-
mation. Gaithersburg: Aspen Publishers; 1995.  

       20.    Mann D. Creating a lean culture: tools to sustain lean 
conversions. New York: Productivity Press; 2010.  

     21.    Marksberry P, Bustle J, Clevinger J. Problem solving for 
managers: a mathematical investigation of Toyota’s 8-step 
process. J Manuf Technol Manag. 2011;22(7):837–52.  

    22.   Institute for Healthcare Improvement: Science of 
Improvement: Testing Changes [Internet]. [cited 2013 Jun 
21]. Available from:   http://www.ihi.org/knowledge/Pages/
HowtoImprove/ScienceofImprovementTestingChanges.
aspx    .  

    23.    Liker JK, Franz JK. The Toyota way to continuous 
improvement: linking strategy and operational excel-
lence to achieve superior performance. New York: 
McGraw-Hill; 2011.  

       24.   Training USWMCB of. Job Instruction: Sessions 
Outline and Reference Material … Training within 
Industry Service, Bureau of Training, War Manpower 
Commission; 1944. 76 p.  

     25.    Halamek LP. Simulation-based training: opportunities 
for the acquisition of unique skills. Virtual Mentor. 
2006;8(2):84–7.  

    26.    Landrigan CP, Parry GJ, Bones CB, Hackbarth AD, 
Goldmann DA, Sharek PJ. Temporal trends in rates of 
patient harm resulting from medical care. N Engl J 
Med. 2010;363(22):2124–34.      

H. Freeman and A.Y. Shin

http://www.ihi.org/knowledge/Pages/HowtoImprove/ScienceofImprovementTestingChanges.aspx
http://www.ihi.org/knowledge/Pages/HowtoImprove/ScienceofImprovementTestingChanges.aspx
http://www.ihi.org/knowledge/Pages/HowtoImprove/ScienceofImprovementTestingChanges.aspx


285P.R. Barach, J.P. Jacobs, S.E. Lipshultz, P.C. Laussen (eds.), 
Pediatric and Congenital Cardiac Care: Volume 2: Quality Improvement and Patient Safety, 
DOI 10.1007/978-1-4471-6566-8_22, © Springer-Verlag London 2015

        B.  S.   Mittman ,  PhD      
  Department of Research and Evaluation , 
 Kaiser Permanente Southern California , 
  Pasadena,   CA,   USA    

  Implementation and Improvement Science 
Initiative, Clinical and Translational Science 
Institute, University of California Los Angeles , 
  Los Angeles ,  CA,   USA    

  22      Implementation Science—
The Next Frontier 

           Brian     S.     Mittman     

    Abstract  

  The challenge of persisting gaps in the quality and outcomes of health care 
and public health continues to attract interest from the research, policy and 
practice communities. Public health programs can only deliver benefi ts 
if they are able to sustain activities over time. Implementation science is 
an emerging fi eld of inquiry drawing from a diverse set of research tradi-
tions, methods and sources. This chapter reviews the origins and founda-
tions of implementation science, discusses its strengths and weaknesses 
relative to closely- related bodies of activity in quality and safety improve-
ment, and identifi es opportunities for increased collaboration and mutu-
ally benefi cial synergy across both fi elds. Implementation science and 
improvement science must enhance their attention to the signifi cant levels 
of heterogeneity inherent in quality problems and their root causes, in the 
settings and contexts in which these problems occur, and in measuring 
the effects of strategies deployed to change clinical practices and improve 
patient  outcomes. New research and practice strategies building upon 
the strengths and complementary perspectives of implementation and 
improvement  sciences represent the “next frontier” in efforts to improve 
quality, value and  outcomes in health. Such strategies offer consider-
able value if developed with a deep and balanced understanding of the 
magnitude and unique  features of quality gaps, the need for multi-level, 
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        Introduction 

 Nearly 15 years after publication of the landmark 
reports  To Err is Human  [ 1 ] and  Crossing the 
Quality Chasm  [ 2 ] in the United States and 25 
years after the introduction of industrial quality 
improvement methods into the health care fi eld 
[ 3 ,  4 ], interest in understanding and address-
ing defi ciencies in the quality and outcomes of 
health care continues to grow. Recognition of 
substantial quality gaps in healthcare delivery 
and outcomes is widespread, documented in a 
diverse collection of publications quantifying 
and comparing these gaps in several countries 
throughout the world [ 5 ,  6 ]. Yet, despite wide-
spread recognition of the problem and consid-
erable investment in development of solutions, 
progress remains slow, and reliable strategies to 
improve the performance and quality of health 
care delivery remain scarce. 

 The challenge of improving health care per-
formance has been the focus of an evolving mix 
of research approaches and fi elds, and a changing 
set of terms and labels describing these fi elds. 
Much of the early work (primarily in the 1970s 
and 1980s) was conducted under the heading 
“changing physician behavior” [ 7 ,  8 ], refl ecting 
the prevailing view that health care quality is 
largely infl uenced by the decisions and actions of 
individual physicians and their diagnostic, man-
agement and treatment practices. Common strat-
egies employed to infl uence these practices and 
enhance physician adherence to consensus-based 
clinical recommendations during this period 
included continuing medical education (CME), 
reminder systems [ 9 ,  10 ] and other narrowly 
focused strategies that were ultimately deter-
mined to have limited impact and value. 

 The introduction of industrial quality 
improvement concepts and approaches from 
outside the health domain began at the conclu-
sion of the 1980s, led by Berwick and others, 
refl ecting a shift of attention to the “system” 
rather than the individual physician [ 3 ,  4 ]. 
Accompanying this shift was an expanded 
interest in strategies to document, diagnose 
and correct fl aws in healthcare system organi-
zational policies and procedures. Research in 
this area, initially labeled “quality improve-
ment” and “patient safety” research and, more 
recently, “improvement science,” prioritized 
the development and evaluation of tools and 
approaches for identifying, documenting and 
diagnosing quality and safety gaps (via “root 
cause analyses”) and related methods for treat-
ing these gaps via improvements in policies 
and procedures [ 11 ,  12 ]. This research activ-
ity expanded in parallel with rapid growth 
in the health industry’s interest in quality 
improvement (QI), as evidenced (and stimu-
lated) by organizations such as the Institute 
for Healthcare Improvement (IHI), Agency for 
Healthcare Research and Quality (AHRQ) and 
by the establishment and growth of new “qual-
ity and safety” journals such as  International 
Journal Quality in Health Care  [ 13 ], launched 
in 1989 as  Quality Assurance in Health Care , 
and  BMJ Quality and Safety  [ 14 ], launched in 
1992 as  Quality in Health Care . 

 The label “implementation science” and the 
expansion of research activity and approaches 
under this label occurred during the mid-2000s 
[ 15 ] and continued into the current decade. This 
activity complemented and augmented exist-
ing interest in quality and safety improvement 
with interest in addressing the “translational 

 multi-component, context- sensitive approaches, and the need for continu-
ous monitoring, evaluation and refi nement of improvement approaches.  
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 roadblocks” and implementation gaps iden-
tifi ed by the Institute of Medicine’s Clinical 
Research Roundtable [ 16 ,  17 ] and parallel enti-
ties in the UK and elsewhere. This work led to 
a widespread recognition and discussion of dis-
tinct categories of translational research, based 
on schemes that variously identify two, three, 
four or more translational research phases (i.e., 
T1, T2, T3, T4 phases) [ 18 – 20 ]. Despite dif-
ferent levels of sub- division of the two major 
phases described by the Institute of Medicine 
Clinical Research Roundtable and its counter-
parts internationally, each of these schemes 
directs attention to two broad categories of 
translational research activities (Fig.  22.1 ). 
The fi rst, Type 1 translation (or T1), empha-
sizes the translation of basic science fi ndings 
into effective clinical innovations via methods 
such as computational biology and the devel-
opment and use of animal models of disease. 
Type 2 translation (or T2) and its sub- divisions, 
in contrast, works to facilitate appropriate, 
rapid adoption and implementation of effec-
tive clinical innovations and research fi ndings 
into routine practice via their incorporation 
into clinical practice guidelines. Furthermore, 
this phase is devoted to the study of barriers 
and facilitators to implementation – and strate-
gies to proactively accelerate practice change 
and implementation. Variously labeled knowl-
edge translation research, research utilization, 
knowledge-to-action, and implementation sci-
ence [ 21 ], research within the Type 2 trans-
lational phase examines barriers, facilitators, 
processes and strategies involved in achieving 
the benefi ts of research through its widespread 
implementation in community settings.

   Although defi nitions and views about the 
scope of implementation science vary, a key 

 feature is its approach to the problem of persist-
ing quality gaps from the perspective of poten-
tial solutions, rather than problems. While 
quality and safety improvement generally pro-
ceeds from the starting point of suspected qual-
ity gaps that must be documented and diagnosed 
to guide the selection or identifi cation of solu-
tions, implementation science generally, and the 
commas and preceding and following it begins 
with the observation that effective, evidence- 
based practices (including practices for diagnos-
ing, treating and managing disease) are 
under-utilized and require proactive efforts to 
facilitate broader implementation (or, alterna-
tively, that ineffective practices are over-utilized 
and require efforts to achieve de-implementa-
tion) [ 22 ]. Consistent with this orientation and 
its close association with clinical research and 
the study designs and methods valued in clinical 
research, much of the effort within the fi eld of 
implementation science has focused on experi-
mental evaluation of specifi c implementation 
interventions or strategies, and the contextual 
factors—enablers and barriers to success—and 
other effect modifi ers infl uencing their effective-
ness in different circumstances.  

    Implementation Science 
and Improvement Science 
Contributions and Challenges 

 The emergence of the new discipline of imple-
mentation science has driven a rapid increase in 
studies of how new scientifi c discoveries are 
incorporated into new programs and policies 
and ultimately into routine practice by clini-
cians [ 23 ]. This ultimately is about  engaging 
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clinicians to accept and adopt new practices. 
Although fi ndings and insights from this grow-
ing body of work continue to accumulate, sev-
eral challenges remain and society continues to 
benefi t from only a small fraction of its consid-
erable investment in research in health care and 
public health. 

 The optimal application and the overall value 
of implementation science and improvement sci-
ence in addressing quality and performance gaps 
in health care remain uncertain and are in fl ux. 
As policy and practice leaders have become 
increasingly aware of implementation science – 
and as they consider its potential to augment QI 
and improvement science approaches to acceler-
ate progress – they quickly discover a lack of 
guidance or common vision in understanding the 
relationships and potential synergy between the 
two fi elds. This defi ciency in published literature 
and the lack of useful guidance in combining the 
two closely-related but seemingly separate fi elds 
of inquiry refl ect a degree of parochialism and an 
excessive inward-facing orientation by research-
ers and other experts in both domains. Simplistic 
characterizations of each fi eld suggests that 
 improvement science  focuses too narrowly on 
the development of ad-hoc solutions to context-
specifi c, unique problems – with insuffi cient 
attention to generalizable knowledge and 
broadly-applicable solutions and insights – 
whereas,  implementation science  is viewed as 
incorrectly assuming a level of homogeneity and 
stability in quality problems that rarely exists, 
and as seeking robust and very broadly applica-
ble solutions that are similarly rare. While each 
of these views over-states the limitations of the 
improvement and implementation science fi elds, 
they both refl ect underlying differences and sim-
ilarities that offer potential value in developing 
future effective approaches to the problems of 
persistent quality gaps in health care. 

 Recognition of heterogeneity and complex-
ity is inherent in improvement science, including 
rapid-cycle improvement methods, such as Plan-
Do-Study-Act (PDSA) cycles that involve itera-
tive cycles of planning, design, evaluation and 
refi nement of improvement strategies [ 24 ]. These 
approaches generate context-specifi c evidence 

regarding barriers to improvement and help iden-
tify solutions and assess their effectiveness using 
quick turnaround in time and resources. They rep-
resent a signifi cant advantage over implementa-
tion science approaches that assume homogeneity 
and resist incremental, real- time refi nement and 
other threats to internal validity and external gen-
eralizability. An i mprovement-science  approach 
recognizes the need for customized, site-specifi c 
and context- sensitive solutions based on care-
ful study of current practices and local mental 
models, and careful surfacing and recognition of 
barriers to improvement. The  implementation-
science  approach would contribute insights and 
guidance for addressing heterogeneity and guid-
ing adaptation based on the all-important recog-
nition of the context and contextual infl uences 
on the success and uptake of implementation 
processes and outcomes. Context is recognized 
as important within both fi elds (improvement and 
implementation sciences), and is the focus of a 
growing body of work within implementation 
science to identify and adapt social science theo-
ries and theoretical principles linking contextual 
factors to practice change process and outcome 
differences [ 25 – 27 ]. 

 Improvement and implementation sci-
ences offer complementary approaches in other 
respects as well. Implementation science aims to 
improve health care quality in part through the 
development of insights regarding variations in 
implementation success and the factors driving 
these variations. Implementation science theories 
and frameworks, such as the Promoting Action 
on Research Implementation in Health Services 
(PARIHS) framework [ 28 ] and the Consolidated 
Framework for Implementation Research (CFIR) 
[ 29 ], identify key factors driving variations 
such as features of evidence-based practices 
and innovations to be implemented, attributes 
of implementation settings and contexts, and 
the implementation and practice change strate-
gies to be deployed to achieve improvement. 
Generalizable fi ndings regarding the impacts of 
contextual factors (such as leadership, organiza-
tional culture, staffi ng suffi ciency and stability, 
other resources and logistical arrangements) will 
enhance implementation approaches. Similarly, 
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a sustained commitment to thoroughly assess 
quality gaps and their underlying causes will help 
improvement proponents increase the likelihood 
that a given practice change strategy will be com-
patible and effective in specifi c settings and for 
specifi c quality problems. This knowledge should 
also prove useful in reducing the number of 
improvement cycles required to achieve success. 
It will support a more nuanced, evidence-based 
approach to the development and evaluation of a 
series of potential solutions within a rapid-cycle, 
iterative approach [ 30 ]. 

 Despite the potential for mutually benefi cial 
contributions and synergy between the improve-
ment and implementation science fi elds in their 
current forms, considerable development and 
enhancement are needed. Both fi elds are chal-
lenged by the need to better understand and 
achieve maintenance (sustainability) of improve-
ments and to facilitate scale-up and spread of 
effective solutions across large multi-site sys-
tems and geographic regions. The implementa-
tion science fi eld must balance its emphasis on 
 experimental studies and rigor with increased 
study of naturally-occurring implementation 
processes to derive the insights they offer regard-
ing factors infl uencing implementation suc-
cess across diverse settings, quality problems 
and implementation strategies. And, both fi elds 
require additional development of tools and 
approaches for understanding the mediators, 
moderators and mechanisms of practice change. 

    Maintenance, Sustainability, 
Scale-up and Spread 

 An improvement program should ideally over 
time sustain various elements, including its activ-
ities, community-level partnerships, organiza-
tional practices, benefi ts to its clients, and the 
salience of the program’s core issue. These are 
called “sustainability outcomes” by Scheirer and 
Dearing [ 31 ], and refl ect the various ways that a 
program can continue to achieve its intended 
effects. However, this highlights the question of 
how a program can position itself to best ensure 
that these sustainability outcomes can be  realized. 

It has been proposed that sustainability itself is 
the small set of organizational and contextual 
factors that build the capacity for maintaining a 
program over time. That is, sustainability is the 
ability to maintain programming and its benefi ts 
over time despite underlying factors that act to 
undermine and extinguish the effects of the 
intervention. 

 Despite its importance for outcomes, sus-
tainability has received relatively little research 
attention. Findings and insights regarding 
improvement and implementation are generally 
documented and learned through reports of suc-
cessful improvement projects as presented at con-
ferences and seminars and via published articles 
in research, policy and practice journals. Because 
the majority of these present short-term impacts 
only, evidence regarding long-term maintenance 
of practice change and improvements is limited. 
Anecdotal evidence, however, suggests that long-
term maintenance is rare and diffi cult to achieve 
and nearly impossible to document using tradi-
tional evaluation methods. The ultimate value 
of improvement and implementation science 
requires sustained, ongoing improvements (and 
measurements) rather than short-term benefi ts, 
and thus requires greater attention to the study of, 
and support for, institutionalization and mainte-
nance of practice change. Recent publications in 
the implementation science literature advocate 
greater attention to sustainability and offer frame-
works and guidance for studying and achieving 
sustainability, and represent important contribu-
tions to the growing recognition and need for sus-
tainability research, practice and success [ 32 ,  33 ]. 

 Closely related to sustainability challenges are 
questions of scale-up and spread. The heterogene-
ity of practice settings and quality problems limits 
the direct applicability and likely broad effective-
ness of improvement and implementation strate-
gies found to be useful in one or a small number 
of settings. Implementation researchers who rec-
ognize the rarity of spontaneous diffusion and 
widespread adoption of innovations in medical 
care and health care delivery often neglect to rec-
ognize that implementation strategies shown to be 
effective in one set of sites are unlikely to sponta-
neously diffuse to other sites, and that their 
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 suitability and likely effectiveness may be limited 
even if some natural spread occurs [ 34 ]. Research 
on scale-up and spread barriers, processes and 
strategies is limited in the same manner as 
research on maintenance and sustainability, and 
represents another “new frontier” for the fi elds of 
improvement and implementation sciences as 
they endeavor to better support more effective and 
evidence-driven public health policy and practice 
goals for quality improvement [ 35 ].  

    External Validity and Observational 
Research 

 Consistent with its foundations in clinical 
research and clinical research stakeholders’ 
preference for rigorous, study designs priori-
tizing internal validity (e.g., randomized con-
trolled trials), many implementation scientists 
similarly prefer experimental, interventional 
approaches to evaluate implementation strate-
gies and  understand implementation barriers 
and processes [ 36 ]. Although these maximize 
internal validity and meet standard scientifi c 
standards for rigor in study design, they entail 
considerable compromise in reduced external 
validity, policy and practice relevance [ 37 ,  38 ]. 
Investigator-initiated and directed implemen-
tation and improvement projects often require 
special arrangements and time-limited support 
and resources, including many that are not easily 
sustained nor replicated following the conclu-
sion of the project. These additional resources 
and support preclude a valid conclusion that the 
specifi c practice change strategy under study is 
responsible for observed improvements in qual-
ity, rather than the special (and non-sustainable) 
support and resources provided. Observational 
studies of “natural experiments” and other natu-
rally occurring implementation and improve-
ment processes permit study of implementation 
and improvement processes and strategies with-
out the complicating addition of artifi cial con-
straining circumstances and support. Increased 
interest in observational study designs that 
minimize threats to internal validity [ 39 ] will 
facilitate implementation research that balances 

internal and external validity and is better able 
to generate relevant and sustainable policy and 
practice insights.  

    Research on Mediators, Moderators 
and Mechanisms of Practice Change 

 The theories, tools and methods of implemen-
tation science prioritize implementation inter-
ventions and strategies and favor  summative 
evaluation  research designs and methods to evalu-
ate their effectiveness and impacts. This focus on 
questions of  whether  improvement occurred emu-
lates research approaches optimized to evaluate 
clinical interventions such as drugs and devices, 
but is less appropriate in situations characterized 
by high levels of heterogeneity and adaptability. 
These features of quality problems and solu-
tions are implicitly recognized by improvement 
science methods and require a focus on the for-
mative processes and mechanisms of improve-
ment– formative evaluation –in addition to a focus 
on impacts and outcomes. Rapid-cycle improve-
ment approaches are able to accommodate local 
variations in quality problems and causes, differ-
ences in contextual factors such as organizational 
resources and policies, and other factors that con-
tribute to signifi cant variations in improvement 
outcomes across sites and over time. 

 Quality improvement research has explicitly 
recognized the implications of heterogeneity and 
variation and their implications for research and 
evaluation methods [ 40 ,  41 ]. Increased use of 
process evaluation and approaches such as 
 theory-based evaluation and realistic evaluation 
is needed to systematically and rigorously study 
the mediators and mechanisms of action of 
implementation and improvement strategies, to 
answer questions asking how, when, where and 
why these strategies operate, in addition to 
whether they are effective [ 42 ]. This approach 
assumes that the quality improvement challenge 
requires not just selection of an implementation 
strategy likely to be effective for a given quality 
gap and set of barriers in a given setting, but, will 
also require careful customization and adaptation 
over time, as well as an awareness of the 
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 importance of adaptation and management of the 
organization or setting. Research approaches that 
are able to generate useful insights and guide this 
expanded set of decisions and management 
actions are still under development and early use 
within the implementation and improvement sci-
ence fi elds, but offer considerable potential.   

    Conclusions 

 Progress in improving the quality of health 
care across a wide range of clinical conditions 
and care delivery settings remains slow and 
inadequate. The fi eld of implementation sci-
ence, which has emerged and become well 
established only within the past 10 years, 
offers great value in complementing and aug-
menting approaches and insights from the 
fi elds of quality and safety improvement and 
improvement science. 

 Much of this potential remains untapped, 
however, and requires a range of efforts to 
enhance collaboration and communication 
across improvement and implementation sci-
ence leaders and publication platforms. 
However, we have paid much less attention to 
what happens to programs once they have 
been implemented. Programs typically need 
time to reach a certain level of maturity and 
allow health benefi ts to accrue. If we as a soci-
ety are to get the full benefi t of the signifi cant 
investment in public health research and sub-
sequent program development, we need to 
better understand what factors can promote 
long-term program sustainability. 

 Increased attention to under-studied issues 
such as maintenance, sustainability, scale-up 
and spread, and research to better recognize 
the unique features of quality problems and 
settings, and implementation barriers, facilita-
tors and strategies – and the implications of 
these unique features for research, policy and 
practice—are greatly needed. 

 Qualitative and mixed methods that assess 
potential infl uences on quality and outcomes 
across multiple levels are necessary to develop 
and refi ne hypotheses, to explain results of rigor-
ous evaluations, and to understand the relation-
ships between contextual factors,  sustainability, 

maintenance outcomes, scale-up and spread. 
Growth in the “toolkit” of research approaches, 
designs and methods available to implementa-
tion and improvement researchers will help 
accelerate progress in developing valid and 
useful insights. These, in turn, will provide the 
needed guidance for policy and practice actions 
needed to close the quality gaps and to attain 
the full benefi ts from research and innovation in 
health care and public health.     
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    Abstract  

  The expectations of pediatric cardiac surgeons grow as the specialty evolves 
and yesterday’s challenges become tomorrow’s routine. The pioneering era 
of fast-paced major technical advances is behind us. Integration of surgery, 
cardiology, anesthesia, intensive care, and nursing is now the basis of incre-
mental improvements in perioperative performance and long-term out-
comes. Surgeons can be natural leaders of this process because their skills, 
roles, and experience are crucial in the preoperative, intra-operative, and 
postoperative care of the patient and their family. However, the personality 
traits that draw physicians to the specialty of surgery and contribute to the 
drive to become a successful technical surgeon may be at odds with the 
collaborative aspects of this microsystem, both inside and outside the oper-
ating room. The potential for disruptive behavior on the part of the surgeon 
to impede the functioning of a large multidisciplinary team providing care 
of the upmost complexity raises fundamental questions about how to design 
tools and checks to create reliable pediatric cardiac surgical teams. 

    J.  P.   Jacobs ,  MD, FACS, FACC, FCCP      
  Division of Cardiac Surgery ,  Department of Surgery, 
Johns Hopkins All Children’s Heart Institute, 
All Children’s Hospital and Florida Hospital for 
Children, Johns Hopkins University , 
  Saint Petersburg ,  Tampa and Orlando ,  FL ,  USA   

  Division of Cardiac Surgery ,  Department of Surgery, 
Johns Hopkins University , 
  Baltimore ,  MD ,  USA   
 e-mail: jeffjacobs@msn.com; jeffjacobs@jhmi.edu   

    P.  R.   Barach ,  BSc, MD, MPH      
  Department of Health Management and Health 
Economics ,  University of Oslo ,   Oslo ,  Norway   
 e-mail: pbarach@gmail.com  

mailto: david.winlaw@health.nsw.gov.au
mailto: mmbl@bigpond.com
mailto: jeffjacobs@msn.com
mailto: jeffjacobs@jhmi.edu
mailto: pbarach@gmail.com


294

       Introduction 

 In just the past few decades, technical solu-
tions for the majority of common congenital 
heart defects have been proposed and refi ned. 
A diagnosis of major structural cardiac dis-
ease remains a diagnosis for life, but a defi ned 
path and predictable outcome with relatively 
low mortality exist for the majority of lesions. 
This achievement and expectation now extend 
to ‘standard risk’ infants requiring complex 
reconstruction of a functionally univentricu-
lar heart (single ventricle) for hypoplastic left 
heart syndrome [ 1 ]. Nevertheless, many chal-
lenges remain to reduce morbidity, particularly 
of neonatal operations, and in addressing the 
life-long adult complications of repaired struc-
tural cardiac disease. In this chapter, we explore 
a range of non-technical aspects of the pediatric 
cardiac surgical practice, with reference to the 
literature and experiences common to pediatric 
cardiac surgical programs.  

   Risk, Complexity, and Cooperation 
in the Pediatric Cardiac 
Operating Room 

 One of the riskiest and most complex of all hos-
pital environments is the pediatric cardiac surgery 
(PCS) operating suite. Pediatric cardiac surgical 
operations are among the most serious interven-
tions in all of medicine, encompassing anatomic 
diversity, hemodynamic vulnerability, and the 
need of a highly skilled, multi-specialty team. 
Medical advances in the past three decades have 
resulted in increasing survival among children 
born with even the most complex cardiac defects 
[ 2 ]. In an analysis of 95,357 congenital and pedi-
atric cardiac operations in the in the Society 
of Thoracic Surgeons (STS) Congenital Heart 
Surgery Database between 2007 and 2010, the 
mortality prior to hospital discharge was 3.5 % [ 3 ]. 

 Although the overall mortality in pediatric car-
diac surgery is below 4 %, in at least 20 % of 
cases where death occurs, it is postulated that 

 A new dynamic is needed to support members of the team, including the 
surgeon, in times of extreme stress, and to help members of the team avoid 
destructive, maladaptive responses. Focusing these efforts around the clini-
cal microsystem requires a detailed analysis of the interactions of the team, 
the underlying culture and support, and the engagement of clinical staff. 
Building and nurturing a resilient system remains a constant challenge in a 
highly specialized environment where burnout, bullying, and loss of staff 
exist. Creating and nurturing an environment characterized by psychologi-
cal safety for all team members requires development of trust to permit 
‘healthy confl ict’ and their successful resolution. Specifi c tools can be prac-
ticed to develop conscious competence in advanced methods of communi-
cation that facilitate trust. Patient safety and high value care depend on the 
development of trust within, between, and among team members. 

 For many, the questions are (i) how to build a sustainable model of 
quality improvement in a medium sized unit, (ii) how to create an enjoy-
able and rewarding working environment, and, (iii) how to build resilient 
systems that ensure excellent outcomes and protect against avoidable poor 
clinical outcomes.  

  Keywords  

  Pediatric cardiac surgery   •   Team dynamics   •   Quality   •   Psychological 
safety   •   Safety climate  
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 preventable adverse events might occur and con-
tribute to death. For neonates, a particularly low 
margin of error exists, accompanied by a very 
limited ability to rescue and retrieve from poor 
outcomes. In this neonatal age group, around 
10 % of neonates undergoing complex pediatric 
cardiac surgery die within 30 days of surgery [ 4 ,  5 ]. 
As a result of the intensity of the work and the 
expectations of members of the team as well as 
those of the broader community, pediatric cardiac 
surgeons suffer a high rate of burnout, sometimes 
manifest as depression, and these challenges 
likely lead to a truncated working life [ 6 ,  7 ]. 
Although the affi rming nature of successful pedi-
atric cardiac surgical operations might be concep-
tualized as protecting the surgeon from depression, 
the impact of less successful outcomes and of 
other stressors can be signifi cant and life lasting. 

 Pediatric cardiac surgery is a specialty with 
very low tolerance for error. Pediatric cardiac 
surgery encompasses many complex operations 
that are dependent upon a sophisticated organiza-
tional structure. Pediatric cardiac surgery requires 
the coordinated efforts of multiple individuals 
and has high demands on the cognitive skills and 
technical performance of the surgeon and team 
[ 8 ]. Factors that have been linked to poor out-
comes in pediatric cardiac surgery include
•    low institution and surgeon-specifi c volumes 

of surgical cases [ 9 ],  
•   complexity of cases [ 10 ], and  
•   systems failures [ 11 ,  12 ] such as miscommu-

nications [ 13 ] and inadequate team planning.    
 Real opportunities exist to improve pediatric car-

diac surgical outcomes, including in neonatal mortal-
ity and rates of complications, by addressing systems 
issues in the hyper-complex settings of pediatric car-
diac surgery. Areas of consideration include
•    striking the right balance between clinical 

responsibility and leadership versus an overly 
rigid hierarchy with consequent failure to 
identify and communicate errors in real time;  

•   pressures of time leading to suboptimal plan-
ning and briefi ng before operations and 
debriefi ng after operations; and,  

•   the tradeoffs between establishing safe and effec-
tive practices and the need for innovative change.    

 Good teamwork, in terms of both quality and 
quantity, is associated with shorter duration of 
operations, fewer adverse events, and lower post-
operative morbidity [ 14 ]. Teamwork is a shorthand 
for a wide variety of processes that include good 
processes of communication and coordination that 
are required to bring together the individual knowl-
edge, skills, and attitudes in the service of a com-
mon and valued goal of the team. Interventions 
focusing on teamwork have shown a positive rela-
tionship with improved teamwork and climate of 
safety. The ‘working together’ of a clinical micro-
system is accomplished by a complex suite of ‘non-
technical skills’ [ 15 ,  16 ]. Teams that score low on 
independently observed non- technical skills make 
more technical errors, and in cases where teams 
infrequently display team behaviors, patients are 
more likely to experience death or major complica-
tions [ 17 ]. A signifi cant correlation exists between 
subjective assessment of teamwork by members of 
the team themselves and postoperative morbidity. 
TeamSTEPPS is an evidence-based program for 
training surgical teams and requires ongoing 
assessment as to how best to implement and sustain 
the goals of the program [ 18 ]. 

 Assessing team performance is key to under-
standing the methods to improve the performance 
of the team and increase the outcomes and safety 
of patients (see Table  23.1 ).

   An ongoing tension in the literature exists 
regarding the relative importance of team  pro-
cess  and  outcomes  [ 19 ]. Process is defi ned by the 
activities, strategies, responses, and behaviors 
employed by the team during the accomplish-
ment of tasks, while outcomes are the clinical 
results of the patients cared for by the team. 
Process measures are important for training when 
the purpose of measurement of performance is 
to diagnose problems with performance and to 
provide feedback to trainees. Until recently, the 
medical community has focused more on out-
comes than on measures of process. Medical edu-
cators have begun to appreciate the competencies 
that defi ne effective processes of the team [ 20 ]. 
The key is to identify and measure processes 
that are directly related to outcomes of patients 
(e.g., successful resuscitation). Perhaps most 
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 importantly, the results of the assessment must 
be translatable into specifi c feedback about tech-
nical or non-technical issues that can enhance the 
performance of the team in achieving a safer and 
more reliable outcome.  

   Non-technical Errors in the Pediatric 
Cardiac Operating Room 

 Research has shown that errors in the Operating 
Room (OR) occur both within and between clini-
cal teams [ 21 ,  22 ]. Quite often, errors result from 
a breakdown in coordination and communication 
between the OR sub-teams [ 23 ]. For example, the 
scrub nurse and the surgeon failing to anticipate 
and synchronize their actions so that a particular 
instrument is not available at a critical moment, 
leading to excessive bleeding or hemodynamic 
instability; or, the anesthesiologist acting uni-
laterally because he does not understand the 
immediate priorities of the surgeon. Other things 
that are known to distract and aggravate the 
 mindfulness of the team include [ 24 ,  25 ]:
•    interruptions,  
•   traffi c through the operating room (OR),  

•   uncertainty regarding availability of and 
access to beds in the pediatric intensive care 
(PICU),  

•   ambiguities about membership of the 
team, and  

•   communication.    
 The impact of errors committed by non- 

surgical members of the team, such as OR nurses, 
orderlies, and perfusionists, during open-heart 
surgery, is not well known, but is likely to be sig-
nifi cant [ 26 – 28 ]. Instructions from the attending 
surgeon and anesthesiologist to their assistants 
(or vice versa) can also result in errors (e.g. fail-
ure to administer anticoagulants leading to a 
delay in being able to commence cardiopulmo-
nary bypass). Faulty communication and effec-
tive handovers to the team in the intensive care 
unit have been identifi ed as a particular problem 
[ 29 ]. Another major source of error is the hando-
ver of responsibility for a patient by one health 
professional to another. 

 In similar complex environments, referred also 
as complex socio-technical systems, research 
about human factors has been a major contribu-
tor to enhancement of safety and reliability [ 30 ]. 
The importance of research about human factors 
research about systems in improving outcomes of 
pediatric cardiac surgery was highlighted in the 
Bristol Royal Infi rmary Report [ 31 ], the Report of 
the Manitoba Pediatric Cardiac Surgery Inquest 
[ 32 ], and ongoing multi-national professional 
groups [ 33 ]. A key lesson from the Bristol and 
the Mid Staffordshire inquiries [ 34 ] is that once 
a professional group normalizes a deviant orga-
nizational practice, it is no longer viewed as an 
aberrant act that elicits an exceptional response; 
instead, it becomes a routine activity that is com-
monly anticipated and frequently used [ 35 ]. This 
process is known as “normalized deviance”. 
A permissive ethical climate and an inordinate 
emphasis on fi nancial considerations in care can 
both contribute to managerial and clinician deci-
sions to initiate deviance [ 36 ]. 

 In pediatric cardiac surgery the expectations 
of families, administrators, and clinicians are 
uniformly high. Pediatric cardiac surgery has 
become a microcosm from which the wider med-
ical community has sought to understand how to 

   Table 23.1    Questions to ask when assessing the perfor-
mance of the surgical team   

 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 goals of the team ? 
 Has a set of  goals of performance  been agreed upon? 
 Do the members of the team hold one another 
 accountable  for the results of the group? 
 Are there shared  protocols  and ground rules of 
performance? 
 Is there mutual  respect and trust  between members of 
the team? 
 Does the  leader of the team  instill trust and mutual 
respect by the members of the team? 
 Do members of the team  communicate  and exhibit 
confl ict resolution skills effectively? 
 Do members of the team know and appreciate each 
other’s  roles and responsibilities ? 
 When one member of the team is  absent or not able to 
perform  their assigned tasks, are other members of the 
team able to pitch in or help appropriately? 
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provide complex multidisciplinary care. Failures 
of units providing pediatric cardiac surgical care 
continue to occur with repeating themes includ-
ing initial publication of apparent excess mortal-
ity from small units and the naming and shaming 
of surgeons involved [ 37 ]. Subsequent enquiries 
often highlight “system issues” including [ 37 ,  38 ]
•    tenuous coverage at the admitting house offi -

cer level,  
•   excessive reliance on a small number of key 

individuals, and  
•   failures of effective communication between 

specialties.    
 Systems of clinical governance have generally 

focused on dealing with bad outcomes, and these 
suboptimal outcomes are generally not recog-
nized in advance. Robust and widely adopted 
systems of risk stratifi cation systems that allow 
cases to be classifi ed on the basis of operative 
complexity and risk allow comparison of risk- 
adjusted outcomes between diverse pediatric car-
diac units:
    1.    The  S ociety of  T horacic Surgeons - European 

 A ssociation for Cardio- T horacic Surgery 
Congenital Heart Surgery Mortality Categories 
( STAT Mortality Categories )   

   2.     A ristotle  B asic Complexity  L evels ( ABC Levels )   
   3.     R isk  A djustment for  C ongenital  H eart 

 S urgery-1 Categories ( RACHS  -  1   Categories ).     
 It is generally accepted that open and transpar-

ent reporting of outcomes on a regular basis is 
ideal, as is commonly done in the UK [ 39 ,  40 ]. 
Real time analysis and reporting of outcomes for 
internal purposes, to identify early trends and 
under-performance of the system, is possible, but 
diffi cult to achieve in practice [ 41 ].  

   Improving Surgical Leadership 
of Teams 

 Most applicants for training in cardiac surgery are 
high achievers with high self-confi dence. These 
applicants are goal oriented and have a strong 
sense in their ability to control their actions and 
environment. They are used to subjugating their 
personal needs to those of their career, although 
the balance considered acceptable is probably 

changing [ 42 ,  43 ]. ‘Being’ a cardiac surgeon 
also brings a degree of positional power within 
the institution and status within the medical and 
wider communities that may be attractive to some. 
Cardiac surgeons need to be able to marshal the 
resources in the operating room and initiate rapid 
changes in management, which require mature 
and adaptive skills in the command and control 
of others. There are also some surgeons, many of 
them undoubtedly talented, who blur the margins 
between forceful behavior and demonstration of 
narcissistic personality. Narcissistic traits, accord-
ing to psychiatric nomenclature, include [ 44 ]:
•    an exaggerated sense of self importance,  
•   unreasonable demands for special treatment 

or automatic compliance,  
•   a lack of consideration for the feelings of oth-

ers, and  
•   arrogant and haughty conduct.    

 Other disruptive features include a tendency 
in some circumstances to externalize the reasons 
for failure where they exist, rather than taking 
responsibility or acknowledging the diffi culty 
associated as a result of patient related factors. In 
extreme cases these behaviors might include 
throwing instruments, yelling, and diminishing 
members of the team. 

 These actions can be seen as intimidating and 
threatening to the psychological safety of other 
members of the team, hampering both the safety 
of patient care as well as the willingness of team 
members to speak up and to report failures of 
process and outcome [ 45 ]. Psychological safety 
is considered the cornerstone of enabling a cul-
ture of safety. Unchecked, such individuals tend 
to damage or destroy relationships within their 
working environment to the point where a serious 
breakdown __ either personal or professional __ is 
likely to occur. When recognized early, an under-
standing of the underlying complaints or frustra-
tions needs to be addressed, in tandem with clear 
guidelines on what constitutes acceptable and 
unacceptable behavior. Often senior surgeons are 
involved, and the authority gradient makes those 
outside the operating environment reluctant to 
speak up and engage. These confl icts can only be 
resolved with meaningful commitment from such 
individuals and tackling the issues as a team 
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problem. A calm analysis of episodes of unac-
ceptable behavior might reveal genuine problems 
with training, competence, or cooperation on the 
part of team members. This candid discussion 
could improve the standard of care and lead to a 
reduction in the stress levels of the surgeon. 
Alternately, unacceptable behavior might give 
the surgeon and his or her colleagues an opportu-
nity to refl ect on their own levels of stress, be it 
due to occupational or personal circumstances. 

 The consequences of not acting are clear: a 
culture of blame and lack of psychological safety 
can lead to:
•    real harm to patients,  
•   under reporting of incidents [ 46 ,  47 ],  
•   cover up strategies,  
•   justifi cation of inadequate performance [ 48 ], and  
•   interpersonal situations where members of the 

pediatric cardiac surgical team refrain from 
speaking up about diffi cult issues or asking 
questions [ 49 ].    
 Expressions of frustration and real time ver-

balization of stress can have important functions 
such as communicating the urgency or serious-
ness of a situation, and some forms of disruptive 
behavior might even be tolerated by the team in 
the interests of doing the best for the patient. 
However, behavior that erodes the core concept 
of teamwork must be the concern of all members 
of the team, because ultimately it is the outcome 
of the patient that can clearly suffer [ 50 ]. 

 Surgeons may overemphasize the contribution 
of a ‘good operation’ to successful organizational 
outcomes, and under-recognize the contribution of 
others, thus undermining trust within the team. It 
is easy to understand how this conclusion is 
reached, since a poor operation inevitably pro-
duces poor outcomes, but such logic is fl awed. 
‘Teamwork’ may be misunderstood as being sim-
ply a happy work environment where members do 
their best to help the surgeon gain a good outcome. 
This scenario, of course, can fail to deliver reliably 
good outcomes or a productive environment since 
leaders, including surgeons, are required to take 
collective responsibility for the known failings of 
‘teamwork’, as articulated by Lencioni [ 51 ]. The 
‘fi ve dysfunctions of teams’ are well known to all 
in health care:

•    absence of trust,  
•   fear of confl ict,  
•   lack of commitment,  
•   avoidance of accountability, and  
•   inattention to results.    

 Teams that don’t invest in measures to build 
trust have a harder time making sense (sense- 
making) of what others are doing. They are 
intimidated by debate that is necessary to gener-
ate ‘healthy confl ict’, avoid clarity and closure, 
and then have a hard time holding each other 
accountable through confronting diffi cult issues 
while focusing on outcomes.  

   Improving Surgical Mentorship 
of Trainees 

 Surgeons commonly specialize in pediatric cardiac 
surgery after completing a general surgery resi-
dency and then a 1–4 years adult cardiac surgery 
fellowship that provides a solid theoretical and 
technical base. Training in pediatric cardiac sur-
gery then requires them to step back from a reason-
ably high level of autonomy for a further 2–3 years 
whilst gaining experience before commencing in a 
consultant (attending) post. This period of mentor-
ship brings its own challenges and opportunities. 

 The closeness of working relationships 
between pediatric cardiac surgeons and pediatric 
cardiologists is an attraction to some and a prob-
lem for others. This relationship requires intense 
communication and negotiation and intersects 
with the care and managing of the relationship 
with the family. Although much of the subse-
quent discussion deals with mentoring of sur-
geons by surgeons, some of the most expert 
mentoring of young surgeons is performed by 
pediatric cardiologists who are one step removed 
and are able to see the whole landscape. 

 Low volumes of pediatric cases make it more 
diffi cult to acquire a critical mass of experience and 
sustain the multiple competencies required for 
complex operations in a short fellowship when 
compared to adult practice. Younger pediatric car-
diac surgeons need more experienced surgeons to 
mentor and direct them, inside and outside the 
operating room settings, and at least for the fi rst 
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5 years of independent consultant (attending) prac-
tice [ 42 ,  43 ]. This formal mentorship requires a 
signifi cant investment on behalf of the senior sur-
geon, and inevitably brings different stress, as 
junior colleagues are mentored through more com-
plex cases. During this time, the senior surgeon is 
essentially taking responsibility for the conduct 
and outcomes of the operation. Learning is seen as 
a rational, linear, and developmental process 
involving the learning of new knowledge and skills 
around which improved service can be delivered. 
The act of learning can be portrayed as being free 
from bias and politically neutral, but a more realis-
tic view is that questions of power, hierarchy, and 
control are interweaved with the processes of learn-
ing and mentorship [ 42 ,  43 ]. This relationship 
between mentee and mentor can be mutually satis-
fying [ 42 ,  43 ]; however, at times it can be torment-
ing. The relationship requires frequent renegotiation 
for which frameworks do not exist. It is not uncom-
mon for these mentee-mentor relationships to 
become strained as the junior surgeon transitions to 
independent practice. 

 Identifying and retaining the ‘joy’ of operating 
is, for many, something that requires active aware-
ness and attention [ 52 ]. Thoughtful mentorship is 
required throughout a surgical career, and consul-
tant (attending) surgeons operating together on 
diffi cult or rare cases is more than simply ‘sharing 
the load’ or ‘spreading the experience’. In some 
circumstances, consultant (attending) surgeons 
operating together is an uncontroversial way of
•    staying in touch with colleagues,  
•   speaking a common language, and  
•   achieving a level of collegiality that powerfully 

models trust, respect, learning, and personal 
support within the operating environment.    
 Successful individuals usually cite strong 

mentors. As most pediatric cardiac surgeons are 
not ready to take on the full range of emergency 
and major elective operations at the time they fi n-
ish formal training and become attending sur-
geons, mentorship is key to developing their 
talent, supporting their intellectual and technical 
growth and development, as well as actively 
addressing technical weaknesses [ 42 ,  43 ]. 

 Low volumes of pediatric cardiac cases and 
fi nancial incentives lead a signifi cant proportion of 

practitioners into mixed adult and pediatric prac-
tice. This increased work can make it diffi cult to 
contribute to the non-operative elements of the 
pediatric cardiac surgical service, including men-
toring and the development of the service and its 
personnel. It does bring advantages through cross-
pollination with adult practice and participation in 
the innovations learned in the high volume settings 
of adult cardiac surgery. Diversity in the models of 
engagement (i.e. mixed adult practice vs. pediatric 
only practice) is a good strategy and assists in con-
struction of a sustainable roster. Such individuals 
also bring with them the expectations of conduct 
in the operating room from the adult context that 
may be more hierarchical than the pediatric envi-
ronment. It also, however, might lead to a lower 
overall number of pediatric cardiac surgical cases 
that must be factored into the overall competency 
in the early career of a surgeon. 

 We are well attuned to the need for management 
of challenges early in the career of a pediatric car-
diac surgeon, but transitions at the other end of the 
career remain an important issue as well. In an ideal 
setting, older surgeons would be retained in the sys-
tem to guide and coach younger colleagues to:
•    support clinical decision-making,  
•   help in refl ecting on process and outcomes,  
•   provide institutional memory, and  
•   develop their key strengths and contributions.    

 These older more senior surgeons would con-
sciously create space to allow development of 
their younger colleagues; however, this strategy 
involves a level of clarity in planning and dia-
logue that is sometimes diffi cult to achieve. Since 
ending a career well is an important transition 
and many now have an expectation of working 
into their 70s, these considerations require close 
planning, attention, and candid conversations.  

   Recognizing Team Diffi culties 
Before Bad Outcomes Occur 

 Pediatric cardiac surgery involves long and com-
plex operations. All proceduralists will have 
observed that not all teams have equal capability. 
Some teams seem to be able to complete complex 
tasks with ease and in a good spirit whereas other 
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teams show disharmony and confl ict, sometimes 
with inferior clinical outcomes. Understanding 
what enables one team to perform more effectively 
and reliably than the other remains elusive and 
learning from ‘mistakes’ is diffi cult [ 53 ]. An obvi-
ous approach is for more harmonious and func-
tional teams to work more closely with members 
of less functional teams in the hope of modeling 
better behavior of the team. Major operations that 
require additional hands present a natural opportu-
nity for this cross fertilization. However, such 
cases in and of themselves are most likely to be 
stressful for all concerned and might not be ideal 
cases for illustrating good team dynamics. 

 Situations where known issues with individu-
als or combinations of individuals exist may cre-
ate stress in anticipation because of the internal 
perception by many members of the team that 
they will need to rise above the usual input to 
achieve a good outcome. These expectations of 
‘compensating’ for the other members of the 
team can be distracting and undermining. The 
challenges for the operating team are [ 54 ]:
•    to learn how to improve their reliability, or 

consistent performance, at high levels of 
safety over long periods of time, and  

•   to differentiate between true underperformers 
and intrinsic failures of teamwork.    
 In instances where things go wrong, surgeons 

may become tense or angry, and fail to perform at 
their best. Collective responsibility would imply 
that that scrutiny of the conditions triggering these 
states, including an the individual performance of 
each member of the team, is important for every 
member of the team [ 55 ]. Systems theory suggests 
that the overall performance of the team is related to 
the individual performance of each member of the 
team; however, some surgeons can feel quite put out 
when poor outcomes are attributed to them when 
other members of them performed poorly [ 56 ].  

   Making Effective 
and Sustainable Teams  

 All members of staff experience the stress of 
‘doing’ cardiac surgery. The surgeon carries with 
them the shared responsibility for the patient 

through the postoperative period and the lifetime 
of the patient. The unrelenting nature of the work, 
with very little ‘down’ time completely off call, 
and the need to routinely participate in care on the 
nights and weekends, generates ongoing occupa-
tional stress. A natural tension exists between:
•    the need for individual learning and skills 

maintenance,  
•   practice building, and  
•   the need for a team that can allow for leave, 

research and learning opportunities.    
 This tension can be addressed by better shar-

ing of work arrangements between surgeons. Yet, 
even when such arrangements exist,  most pediat-
ric cardiac surgeons report that they are never 
truly  ‘ off call ’  unless they are out of the city and 
in some cases out of the country . Vacations are 
interrupted by the demands of transplantation are 
common. With high levels of application to work, 
it is not surprising that surgeons report high lev-
els of job satisfaction but also high rates of burn-
out [ 7 ], family discord, and the associated 
susceptibility to error and poorer outcomes [ 57 ]. 
High rates of self-reported de-personalization 
and emotional exhaustion are key fi ndings. 
Diffi culties in negotiating a home-work life bal-
ance [ 42 ,  43 ] and failure to look after one’s own 
health are common manifestations of the burnout 
complex. Interestingly, in cardiac surgery, and 
particularly pediatric cardiac surgery, most of 
these aspects of the work are accepted as ‘part of 
the job’, but it is the apparently ‘minor’ factors 
that become incendiary, such as tardy members 
of the team, poor scheduling, and cancellation of 
cases because of constrained resources in the 
Pediatric Cardiac Intensive Care Unit (PCICU). 
These “incendiary factors” lead to fl ow-on impli-
cations of rescheduling patients and further 
upending the balance of their clinical and non- 
clinical priorities [ 58 ]. The cost of re-scheduling 
a case has far-reaching implications on the patient 
and the family of the patient, and often for the 
surgeon and the family of the surgeon. 

 The impact of an unpleasant and unsafe orga-
nizational and physical environment on younger 
surgeons can be particularly profound and is 
magnifi ed by the importance of the master- 
apprentice relationship. This stressful setting 
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with lack of safe and supportive mentorship was 
felt to have contributed directly to the isolation 
of the surgeon that greatly contributed to the 
poor outcomes of several children undergoing 
pediatric cardiac surgery in the Manitoba pedi-
atric cardiac surgery inquiry [ 32 ,  33 ]. Although 
contemporary training programs emphasize the 
relationship between a trainee and the group as 
a whole, the senior surgeon is the gatekeeper to 
further operative experience, so there is an inevi-
table reluctance of the junior staff to disagree or 
express dissatisfaction with circumstances. 

 The inability to speak truth to power, even 
when patient care is at stake, can lead to patterns 
of withdrawal and assumption of a passive role 
[ 36 ]. These patterns can be a block to learning 
technical skills where self-confi dence is an essen-
tial prerequisite. Younger trainees may have little 
life experience outside of medicine, or enter 
training after a period of high-achievement in 
another fi eld such as medical research; regard-
less, these trainees need to learn new skills in an 
environment where simple mistakes have signifi -
cant repercussions and a blame culture can be 
devastating for all involved. 

 In settings in which members of the pediatric 
cardiac surgical team feel unsafe to speak up, the 
ongoing threat can [ 59 ]:
•    undermine safe practices,  
•   prevent tough conversations about the “un- 

discussable”, and  
•   keep pediatric cardiac surgery from becoming 

more reliable.    
 The cognitive dissonance that providers and 

management feel when confronted by organiza-
tional secrecy is predictable and can lead to:
•    a lack of sharing of information,  
•   a lack of learning, and ultimately,  
•   disruptive behaviors, frustration, burnout and 

high churn rates.    
 The need for consistent performance of pedi-

atric cardiac surgical teams at high levels of 
safety over long periods of time is similar to other 
high-risk industries such as aviation and nuclear 
power [ 60 ]. In the face of health reform and 
increased competition in the market, moving to 
high reliability requires adopting and supporting 
a culture of mindfulness in understanding the 

relationship and synergy of a variety of organiza-
tional risk factors and their effect on producing 
harm and ineffi ciency [ 61 ]. This mindfulness 
goes beyond rearranging the vulnerabilities of 
the system and instead strives to understand how 
to manage best the technology and learning that 
are embedded in practice. This culture of mind-
fulness encourage norms and values of high reli-
ability organizations [ 62 ]:
•    preoccupation with failure,  
•   reluctance to simplify operations,  
•   commitment to resilience, and  
•   deference to sharp end, front line users.     

   Bigger Teams and Communities 
of Practice 

 Creating larger units with up to four full-time 
surgeons and greater depth of experience has 
been proposed in some countries such as the UK 
[ 37 ], and carried out successfully in others such 
as Norway and Sweden [ 38 ]. As an established 
path learned from other domains for increasing 
reliability [ 39 ], such larger units can gain supe-
rior outcomes through:
•    internal sub-specialization,  
•   better effi ciency, and  
•   opportunity for training, research and work- 

life balance.    
 Except where geography and distribution of 

population demand a local service, the days of 
small volume, single surgeon units seem num-
bered. Changing expectations of the workplace 
from younger surgeons is also driving this trend. 
It is now time to rethink the working environment 
including how best to create:
•    the conditions for psychological safety needed to 

encourage staff members to speak up [ 45 ], and  
•   a more sustainable model of engagement of 

surgeons treating pediatric structural cardiac 
disease.    
 Despite the depth of expert opinion support-

ing centralization of highly specialized services, 
achieving this goal has been politically diffi cult in 
the UK [ 63 ], USA, and Australia. The organiza-
tional refl ex to this reality involves  establishment 
of networks designed to leverage the quality 
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 systems and experience of bigger centers in order 
to provide sustainable high quality care across 
two or more sites. The joining of teams with 
different values and ambitions presents a major 
exercise in management of change that requires 
a high level of engaged leadership to succeed. 
Fundamentals of success include articulating in 
an unambiguous way that the single most impor-
tant driver for all change must be to provide:
•    better care,  
•   safer outcomes, and  
•   value to the community.    

 Other shared principles include:
•    robust transparency of data,  
•   delivery of equal standards of care and pro-

cesses of triage of patients, irrespective of site,  
•   planned co-mingling of staff at all levels, and  
•   mandatory participation in network programs 

of quality assurance (QA).    
 Considerable evidence demonstrates several 

elements that are partially to blame for serious 
adverse events [ 23 ]:
•    a lack of sharing of information,  
•   professional secrecy, and  
•   a failure to learn from mistakes.    

 Organizational vehicles such as ‘learning col-
laboratives’ and ‘networks of communities’ 
address such challenges and have emerged as a 
powerful tool in improving performance and 
safety in adult cardiac surgery. The Northern New 
England Cardiovascular Disease Study Group [ 64 ] 
has been able to dramatically improve outcomes 
across all members over a period of 20 years by
•    sharing data,  
•   visiting each other’s hospitals, and  
•   actively learning in practice how each cardiac 

team applies the knowledge of cardiac surgery 
in their own customized manner.    
 This community of practice is shaped less by 

managerially designed systems and more by 
activities of shared and refl ective clinical practice 
and professional allegiance and honesty. Such 
informal networks are seen as providing a signifi -
cant basis for learning [ 65 ]. The Pediatric Heart 
Network [ 66 ] and Congenital Heart Surgeons’ 
Society (CHSS) [ 67 ] are two further examples. 

 The Joint Council on Congenital Heart 
Disease (JCCHD) National Pediatric Cardiology 

Quality Improvement Collaborative (NPC-QIC) 
(  http://jcchdqi.org    ) is another example of a pow-
erful tool to support pediatric cardiac programs 
and improve outcomes across the system. The 
JCCHD initiated the National Pediatric 
Cardiology Quality Improvement Collaborative 
(NPC-QIC) in 2006 with a vision to improve out-
comes for patients with hypoplastic left heart 
syndrome [ 66 ]. The development of this collab-
orative is based on the Institute for Healthcare 
Improvement (IHI) Breakthrough Series 
Collaborative Model [ 68 ]. The relative rarity and 
heterogeneity of patients with hypoplastic left 
heart syndrome in most individual practices 
necessitates a multi-institutional approach to 
achieve sample sizes required for meaningful 
learning through measurements in process and 
outcome. The NPC-QIC has focused its initial 
efforts on the interstage period of patients with 
hypoplastic left heart syndrome. As outcomes 
after Norwood (Stage 1) palliation improve, 
interstage mortality and interstage “failure to 
thrive” have become increasingly important chal-
lenges. The NPC-QIC has addressed these chal-
lenges directly by stating that one of the desired 
outcomes is that “no infants experience growth 
failure during the interstage period”. 

 These networks, or ‘Communities of Practice’, 
can help mentor and grow trust across geographic 
distances; these networks are often better suited 
for sharing of knowledge amongst clinicians by 
providing an informal, rapid, and service facing 
basis for problem solving and growth. These 
national and international collaborative efforts 
are similar to the regional effort of the Northern 
New England Cardiovascular Disease Study 
Group; however, because of the lower incidence 
of congenital heart disease and the large distance 
between many programs, regional pediatric car-
diac collaboratives may be challenging to set up. 
These national or international quality improve-
ment collaboratives may function as “virtual 
regional quality improvement collaboratives” 
and achieve the same objective as regional col-
laboratives such as the Northern New England 
Cardiovascular Disease Study Group. Evidence 
suggests that the quality of outcomes for complex 
neonates, as one example, is more dependent on 
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the integration and orchestration of care than any 
single operative variable [ 69 ], highlighting the 
importance of this work. 

 Participation in an international registry of 
outcomes is a fundamental plank of a pediatric 
cardiac surgical quality system [ 70 ] and the fi rst 
step in a feedback loop to modifi cation of prac-
tice. Regional benchmarking may provide more 
valuable information than summary statistics 
based on unit comparisons that involve all data-
base contributors. Analysis of regional outcomes 
through existing resources of data, such as 
disease- based registries or procedure-based reg-
istries, also shows great promise, as exemplifi ed 
by the Australian and New Zealand Fontan 
Registry [ 71 ].  

   Conclusions and Recommendations 

 Pediatric cardiac surgery is a model of high com-
plexity health care, where key determinants of 
outcomes of patients include technical perfor-
mance, decision-making, and personal engage-
ment. We have learnt from our well-publicized 
successes and failures, and are well placed to put 
these lessons into practice in our own institu-
tions; however, we seek tools to implement these 
lessons. The development of the workforce of 
cardiac surgery will need to focus on technical as 
well as non-technical areas of practice.
  Recommendations: 
   1.    Individual surgeons and program directors 

regularly review their working environment 
and acknowledge the impact of  safe climate 
and human factors  on the quality of team-
work in their institution.   

   2.    Assessment of the working environment 
includes the  risk of burnout  in individuals and 
the impact of  related behaviors  on other team 
members.   

   3.    Particular attention should be given to  men-
torship  of trainees during their graduated tran-
sition from trainee to accomplished providers; 
this process of mentorship should include a 
dedicated and committed overseeing surgeon 
who may need to be outside the place of 
employment. One trainee may have multiple 

mentors, with select a select mentor for differ-
ent domains of practice.   

   4.    Engage with like-minded institutions in ‘ commu-
nities of practice ’ to support quality improvement 
in a collaborative, non- competitive manner.   

   5.    Practitioners need to learn to take responsibil-
ity for outcomes of patients by  discontinuing 
support arrangements known to be associated 
with poor outcomes , including arrangements:
•    where outcomes are not widely 

disseminated,  
•   where there is excessive reliance on key 

individuals, and  
•   where volumes are insuffi cient to maintain 

a high quality and resilient team.            
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        Background 

 “Primum non nocere” or “fi rst do no harm” is a 
fundamental tenet of medicine. However, several 
studies have demonstrated that errors, many of 
them leading to harm, can and do occur in every 
medical setting. In 1999, the Institute of Medicine 
(IOM) published its report  To Err is Human : 

 Building a Safer Health Care System  and indi-
cated that an estimated 44,000–98,000 deaths per 
year were caused by medical errors [ 1 ]. According 
to this report the majority of medical errors do 
not result from individual recklessness, but rather 
from basic fl aws in the design of our health sys-
tems [ 1 ]. The IOM’s initial defi nition of errors 
was subsequently expanded by the Quality 
Interagency Coordination task force (QuIC) and 
reads: “ An error is defi ned as the failure of a 
planned action to be completed as intended ,  or 
the use of a wrong plan to achieve an aim. Errors 
can include problems in practice ,  products ,  pro-
cedures ,  and systems ” [ 2 ]. Errors can occur at 
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any time during an encounter with the healthcare 
system, and include errors in diagnosing, treating 
or preventing illness. Errors are due to many dif-
ferent factors, including lack of teamwork, 
incomplete communication, stress, workload, or 
equipment failures, but are rarely due to inten-
tional and malicious acts [ 1 ,  3 ,  4 ]. An error repre-
sents an event that, once set into motion, passes 
through multiple systems defenses, each with a 
“hole” or error in it. The number of layers in the 
system and the size of the hole(s) in each one 
infl uence the probability of an error reaching the 
patient (as described in Reason’s Swiss cheese 
model) [ 5 ]. In addition, all humans have lapses 
that can be promoted by such factors as fatigue, 
stress, and distractions [ 6 ]. Simplifi cation and 
standardization decrease lapses, while poorly 
designed medical devices or processes can pro-
mote errors [ 6 ,  7 ]. 

 The Joint Commission (TJC) investigates “sen-
tinel events”, i.e., events that signal the need for 
immediate investigation and response. Sentinel 
events are due to an unexpected occurrence 
involving death or serious physical or psychologi-
cal injury (specifi cally loss of limb or function), 
or the risk thereof. The health care organization 
is required to share its root cause analysis when a 
reviewable sentinel event is reported to TJC. The 
events and their root causes are recorded in a de-
identifi ed database. Between 1993 and June 2013, 
twenty-six states and the District of Columbia 
had reported over 7,400 sentinel events, most of 
them (4,844) occurring in hospitals. The three 
most common categories were “unintended reten-
tion of a foreign body”, “wrong-patient, wrong-
site, wrong-procedure”, and “delay in treatment”. 
The most common reasons identifi ed in root 
cause analyses include human factors, leadership 
issues and communication failures (  http://www.
jointcommission.org/sentinel_event.aspx    ). As of 
March 2014, 51 sentinel alerts have been issued. 
Sentinel Events are reported to TJC voluntarily 
by an accredited organization or reported via the 
complaint process. 

 Quality transformation is the conversion of a 
health care delivery system from its baseline ser-
vice performance to one of reliably high quality 
care. The IOM defi nes health care quality as “ the 

degree to which health care services for individu-
als and populations increase the likelihood of 
desired health outcomes and are consistent with 
current professional knowledge ” [ 8 ]. High qual-
ity care is defi ned as care that is safe, effective, 
patient-centered, timely, effi cient and equitable 
(Table  24.1 ) [ 8 ]. In its publication “Crossing the 
Quality Chasm” the IOM identifi es fi ve challeng-
ing goals: the reengineering of care processes; 
the effective use of information technologies; 
improved knowledge and skills management; the 
development of effective teams, and the coordi-
nation of care across patient-conditions, services, 
and sites of care over time [ 8 ].

   Quality improvement is not possible without 
measurements and transparent dissemination 
of the results. Standardized quality measure-
ments are required by regulatory agencies, for 
example, the Joint Commission’s ORYX mea-
surements or the Healthcare Effectiveness Data 
and Information Set (HEDIS) of the Centers 
for Medicaid and Medicare Services (CMS). 
Although there are fewer validated pediatric mea-
sures (mainly related to childhood asthma and 
immunizations), an increase in their number can 
be expected in the next few years. Furthermore, 
the change from a volume-based model to 
value-based care has now reached the pediatric 
(Medicaid) population, connecting quality of 
care to fi nancial reimbursement strategies. For 
example, preventable readmissions are targeted 

   Table 24.1    High quality care as defi ned by the Institute 
of Medicine [ 8 ]   

  Safe  
 Avoiding preventable injuries, reducing medical errors 
  Effective  
 Providing services based on scientifi c knowledge 
(clinical guidelines) 
  Patient centered  
 Care that is respectful and responsive to individuals 
  Effi cient  
 Avoiding wasting time and other resources 
  Timely  
 Reducing wait times, improving the practice fl ow 
  Equitable  
 Consistent care regardless of patient characteristics and 
demographics 
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for both adults and children and, in the case of 
gastroenteritis and urinary tract infections, can 
result in 21–55 % of potential cost reductions, 
respectively [ 9 ]. The Joint Commission’s  Top 
Performer on Key Quality Measures  program 
recognizes accredited hospitals that attain excel-
lence in accountability measure performance. 
Recognition in the program is based on an aggre-
gation of ORYX ®  accountability measure data 
reported to TJC during the previous calendar year. 
The data report on evidence-based interventions 
for heart attack, heart failure, pneumonia, surgi-
cal care, children’s asthma care, inpatient psychi-
atric services, venous thromboembolism (VTE), 
stroke, and immunizations. Several children’s 
hospitals received top performer recognition 
for asthma care in 2013 (  http://www.jointcom-
mission.org/accreditation/top_performers.aspx    ) 
Other quality indicators are Magnet ®  recognition 
by the American Nurses Credentialing Center 
(  http://www.nursecredentialing.org/magnet.
aspx    ), achieving high scores on the Leapfrog sur-
vey (  http://www.leapfroggroup.org/    ), or becom-
ing a winner of the Malcolm Baldrige National 
Quality Award (  http://www.nist.gov/baldrige    ).  

    Status of Quality and Safety 
in Pediatrics 

 Patient safety and quality of care are the corner-
stones of modern medicine and presumed to be 
practiced in all medical settings, and especially in 
a children’s hospital. However, pediatric care is 
confronted with unique challenges to safety, and 
errors are not uncommon. Pediatric care is chal-
lenged by the differences in patient size and 
weight, requiring different medication doses, the 
use of different devices with the potential for 
technical diffi culties because of size, such as the 
insertion of small gauge intravenous catheter. 
Children have unique susceptibility to certain 
infections at different stages of development, such 
as neonates and infants related to the immaturity 
of their immune system. Their metabolism is dif-
ferent at different ages, thus impacting the phar-
macokinetics of medications. Children are unable 
to administer their own medications, identify 

potential mistakes, and be primary historians for 
reports of pain or illness, and thus are very much 
dependent on adults, including for their access to 
care. Some disease entities are unique to children, 
such as birth trauma, congenital heart disease or 
certain cancers, and many preventive interven-
tions have the highest impact when initiated dur-
ing childhood (smoking prevention, prevention of 
obesity, dental caries). In 2011, the Institute of 
Medicine (IOM) identifi ed a signifi cant gap due 
to the general absence of information about the 
content and quality of preventive services that are 
used by children and adolescents, and recom-
mended a life-course approach to the measure-
ment of health and health care quality [ 10 ]. 

 Medication errors are the most common 
adverse event in children, in part due to the nec-
essary weight and age adjustments for dosing. 
Diagnostic errors may occur because of the age 
of the child and the inability of the young child to 
verbalize complaints. Therapeutic errors can, like 
in adults, occur due to the failure to adhere to 
guidelines, staff fatigue, or interruptions during 
critical actions. 

    Diagnostic Errors 

 Diagnostic errors or a delay in diagnosis may be 
caused by a failure to employ indicated tests, the 
use of outmoded tests or therapy, or a failure to act 
on results of monitoring or testing. A study of 130 
successful litigation claims against the National 
Health Service in England involving fatalities in 
children listed delayed or failed diagnosis in 47 % 
of the cases [ 11 ]. A study that surveyed academic, 
community, and trainee pediatricians showed that 
more than one-half (54 %) of respondents reported 
that they made a diagnostic error at least once or 
twice per month; this frequency was even higher 
(77 %) among trainees [ 12 ]. Almost one-half 
(45 %) of respondents reported diagnostic errors 
that harmed patients at least once or twice per 
year. The most- commonly reported breakdowns 
of processes included failure to gather informa-
tion through history, physical examination, or 
chart review, and inadequate care coordination 
and teamwork were the most-commonly reported 
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system factors. Not unexpectedly, viral illnesses 
being diagnosed as bacterial illnesses was the 
most-commonly reported diagnostic error, fol-
lowed by misdiagnosis of medication side effects, 
psychiatric disorders, and appendicitis [ 12 ]. 
Participants listed several solutions to reduce 
diagnostic errors, including close follow-up of 
patients, improving teamwork, spending more 
time in clinical encounters, and empowering 
patients and families to be vigilant about the pos-
sibility of diagnostic errors. Access to electronic 
medical records that provide comprehensive clini-
cal data was also ranked high, followed by avail-
ability of diagnostic decision-support tools [ 12 ]. 
Some areas, such as radiology, routinely audit 
their diagnostic accuracy through peer review. 
Comments made by peer reviewers were classi-
fi ed in one study as errors of observation (25.5 %), 
errors of interpretation (5.6 %), inadequate patient 
data gathering (3.7 %), and errors of communica-
tion (9.6 %). Inter-observer variability accounted 
for 21.3 % of the comments and the rest were 
either of informational nature, educational feed-
back or complimentary [ 13 ].  

    Errors in Care 

 Errors related to treatment include errors in the 
performance of an operation, procedure, or test; 
errors in administering the treatment; errors in 
the dose or method of using a drug (see below). 
However, it may also include avoidable delays 
in treatment or in responding to an abnormal 
test, or even inappropriate (not indicated) care. 
Furthermore, we now recognize that errors in pre-
vention, such as failure to provide prophylactic 
treatment or the inadequate monitoring or follow-
up of treatment, play an important role as well [ 8 ]. 

 Healthcare-associated infections (HAIs) play an 
important role in causing morbity and mortality in 
children and adults. Many initiatives have success-
fully reduced the number of central line associated 
blood stream infections (CLABSIs), catheter-asso-
ciated urinary tract infections (CAUTIs), ventilator-
associated pneumonias (VAPs), and surgical site 
infections (SSIs). The incidence of CLABSIs in 
intensive care or pediatric oncology patients has 

successfully been reduced by using standardized 
“bundles” for insertion and maintenance of the 
catheters, as well as through the use of ancillary 
measures, such as daily baths with chlorhexidine 
[ 14 – 17 ]. The data on CAUTIs are not yet quite as 
robust, possibly due to the relative rarity of this event 
in pediatrics [ 18 ,  19 ], while VAPs, although rare in 
children overall and infl uenced by similar factors as 
in adults, are not uncommon in neonates, especially 
in the very low birth group [ 20 – 22 ]. Surgical site 
infections, their incidence and prevention have been 
most extensively studied in cardiac and orthopedic 
(especially spine) surgeries [ 23 ,  24 ]. In addition, 
preventable pressure ulcers may occur in criti-
cally ill children or patients with limited mobility. 
Especially vulnerable are neonatal patients, where 
the administration of oxygen via nasal prongs or 
masks can cause skin defects, sometimes with last-
ing cosmetic consequences [ 25 ,  26 ].  

    Medication Errors 

 Medication orders in pediatrics must not only be 
adjusted to the underlying disease but also to the 
age, weight, and height of the child. Most medi-
cations are formulated and packaged primarily 
for adults and the doses often need to be diluted 
or otherwise be altered to be practical for pediat-
ric use. A study of hospitalized, non-newborn 
patients in the United States found a medication 
error rate of 1.81–2.96 per 100 discharges [ 27 ]. 
Teaching hospitals and settings where patients 
had more complex medical needs showed signifi -
cantly higher error rates, while gender, payer and 
zip code did not signifi cantly impact outcomes. 
Another report documented 55 medication errors 
per 100 inpatient admissions at a single, leading 
pediatric teaching hospital [ 28 ]. It is important to 
note that our reporting capabilities of medication 
errors that occur in the ambulatory or home set-
ting are still limited [ 29 ,  30 ]. 

 Many institutions rely on vigilance, either 
by self-checking or checking by others. This 
strategy tends to be ineffective for many rea-
sons, including fatigue, distractions, and human 
imperfection. Flynn, et al studied the validity and 
cost- effectiveness of three methods for detecting 
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 medication errors in 36 hospitals and skilled- nursing 
facilities and concluded that direct observation was 
more effi cient and accurate than reviewing charts 
and incident reports in detecting medication errors. 
Medication administration errors were studied 
using three methods: incident report review, chart 
review, and direct observation. Observers detected 
300 of 457 pharmacist- confi rmed errors made on 
2,556 doses (11.7 % error rate) compared with 
17 errors detected by chart reviewers (0.7 % error 
rate), and only 1 error detected by incident report 
review (0.04 % error rate). Thirty-fi ve (8 %) of 
these errors were deemed potentially clinically 
signifi cant and the majority of them (71 %) were 
detected by direct observation [ 31 ]. A pediatric-
focused trigger tool may detect a much higher 
incidence of errors, as shown by Takata et al. [ 32 ] 
A review of 960 randomly selected charts from 12 
children’s hospitals revealed 2,388 triggers (2.49 
per patient) and 107 unique adverse drug events. 
Almost a quarter (22 %) of all adverse drug events 
were deemed preventable, many could have been 
identifi ed earlier (17.8 %), or could have been 
mitigated more effectively (16.8 %). Only 3.7 % 
of adverse drug events were identifi ed in voluntary 
hospital- based incidence reports [ 32 ]. 

 The Joint Commission issued a Sentinel Alert 
in 2008 regarding the prevention of pediatric 
medication errors and made several recommen-
dations. These included, among others, the estab-
lishment of a pediatric formulary system, the 
availability of limited concentrations and dose 
strengths of high alert medications, and the use of 
oral (not intravenous) syringes for the adminis-
tration of oral medications [ 33 ]. Another inter-
vention that has been shown to be effective, is the 
presence of a unit-based pharmacist [ 34 ].   

    Quality Improvement and Patient 
Safety Initiatives 

 There are notable initiatives that have been estab-
lished to improve the quality and safety of pediat-
ric care. These include:
•    The implementation of rapid response teams 

that can be activated by both staff and patients/
parents [ 35 ] and the use of an early warning 

system [ 36 ] are among the most effective tools 
to increase patient safety and quality of care in 
a children’s hospital.  

•   Several organizations are leading the quality 
improvement effort. One of the oldest national 
quality improvement networks is the Vermont 
Oxford Network (VON), an organization 
that has been tracking neonatal outcomes 
since 1988 and now encompasses more than 
950 Neonatal Intensive Care Units around 
the world [ 37 ]. The Children’s Hospital 
Association (CHA) Quality Transformation 
Network focuses on the prevention of cen-
tral line associated blood stream infections 
(CLABSIs) both in the intensive care and 
oncology/bone marrow transplant setting. 
These efforts are beginning to show results: 
As of the fi rst quarter of 2014 an estimated 
5,015 infections and 603 deaths have been 
prevented and data on more than 1,000,000 
central line days, >30,000 line insertion proce-
dures, and >100,000 central line maintenance 
procedures have been accumulated [ 16 ,  38 , 
 39 ]. Cincinnati Children’s Hospital conducted 
a quality improvement initiative to implement 
cultural and system changes with the goal of 
reducing serious safety events (SSEs) . They 
were able to reduce SSEs per 10,000 adjusted 
patient-days from a mean of 0.9 at baseline 
to 0.3 (P < .0001) and to increase the number 
of days between SSEs from a mean of 19.4 
at baseline to 55.2 (P < .0001) [ 40 ]. This ini-
tiative has now been expanded to a national 
network (Children’s Hospitals’ Solutions for 
Patient Safety ® ). Cardiology is another disci-
pline that has a long-standing history of data 
collection and collaborative efforts to improve 
the quality of care (see Chap.   6    ) [ 41 ,  42 ].  

•   In 2005 a report entitled “Safe Medical Devices 
for Children” recommended that the Food and 
Drug Administration (FDA) should collabo-
rate with industry, health care professionals 
and organizations, as well as parent and patient 
advocates to focus more attention on adverse 
device events, especially events involving chil-
dren, and that it should establish a central point 
of responsibility for pediatric issues within the 
Center for Devices and Radiological Health to 
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evaluate the adequacy of the Center’s use of 
pediatric expertise and its attention to pediatric 
issues in all aspects of its work [ 43 ].  

•   The American Board of Pediatrics (ABP) 
requires participation in a quality improve-
ment project in part 4 of its Maintenance of 
Certifi cation (MOC) process, and many orga-
nizations offer local opportunities to take an 
active role in quality improvement efforts [ 44 , 
 45 ]. Most projects occur in the emergency 
room and the inpatient wards, fewer focus on 
the ambulatory environment [ 46 – 48 ].    

    Leadership/Governance 

 The Institute for Healthcare Improvement (IHI) 
has coined the term of the “triple aim” as a way to 
shift from a volume-based approach to value- 
based care: Improving the patient experience of 
care (including quality and satisfaction), improv-
ing the health of populations; and reducing the 
per capita cost of health care. Enhanced attention 
has been put on the role of leadership and gover-
nance in the quest to advance quality of care and 
assure safety for all patients [ 49 – 52 ]. Patient 
safety and quality of care has to be a priority for 
the executive leadership and the Board of an 
institution, but this requires providing training 
and education to the mainly lay members [ 52 ]. 
Board members and executive leaders should 
participate in regular patient safety rounds, hold 
the organization accountable for quality mea-
sures and be well informed regarding the organi-
zation’s performance (see also Chap.   15    ) [ 53 ].  

    Culture (Accountability) 

 As important as education is the creation of a 
blame-free environment that is actively and visi-
bly supported and nurtured by leadership. It has 
become clear that a major shift in culture from a 
punitive to a non-punitive environment is neces-
sary to affect and maintain positive changes, espe-
cially when they emphasize teamwork instead of 
placing the blame on the end provider [ 54 ]. 
Organizations need to assess their culture of 

safety at regular intervals and share the results 
with front line providers, as well as develop action 
plans to address any defi ciencies. Several instru-
ments are available, including a well- validated 
tool from the Agency for Healthcare Research 
and Quality (AHRQ), available at   http://www.
ahrq.gov/professionals/quality-patient- safety/
patientsafetyculture/index.html     [ 55 ].  

    Patient and Family Involvement 

 An often under-utilized modality to prevent errors 
is the encouragement of patients and their fami-
lies to become involved as guardians of safety and 
quality. Some institutions have given parents the 
option of activating a rapid response team, and a 
few make parents part of a root cause analysis [ 35 , 
 56 ,  57 ]. However, many providers and staff still 
feel uncomfortable, feel criticized, or accused, if a 
patient or parent points out a mistake, or are hesi-
tant to disclose an error themselves [ 58 ,  59 ]. 
Although disclosure to the patient and the family 
is encouraged and appropriate, this is often the 
most diffi cult part for the care providers involved 
[ 60 ]. A survey studied the opinions of members of 
a health plan and found that full disclosure of any 
errors or mistakes reduced the likelihood of 
changing physicians and increased patient satis-
faction, trust and positive emotional response 
[ 61 ]. The overwhelming majority of responders 
(98.8 %) wanted to be told of an error.  

    Technology 

 The use of technology is widespread in medicine 
and most of it provides enhanced protection 
against human error. Electronic prescribing, and 
especially the use of order set templates devel-
oped for a specifi c aspect of care, can signifi -
cantly reduce order errors by prompting the 
prescriber to provide necessary information in a 
standardized format [ 62 ]. However, although 
computerized physician order entry (CPOE) has 
been presented as the “solution” to prevent 
 medication error, numerous studies have shown 
reduction but not elimination of errors [ 63 ]. 
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CPOE systems have the potential to reduce errors 
in different ways, including forcing the entry of 
generic drug names, ensuring complete orders 
without missing data such as frequency, ensuring 
legibility of the order, and providing clear identi-
fi cation of the prescriber through the use of an 
electronic signature [ 63 ,  64 ]. CPOE can offer 
alerts and reminders designed to promote safer 
use of medication such as drug-allergy checking, 
drug-drug interaction checking, and medication 
guidelines, requiring deliberate overrides for 
doses or dosages that exceed predetermined max-
imums. As of 2009, CPOE for medications had 
been implemented in only 17 % of hospitals, but 
no pediatric-specifi c data are available [ 65 ]. As 
CPOE and other components of the electronic 
medical record are implemented in more pediat-
ric institutions, specifi c pediatric challenges must 
be addressed, such as unique patient identifi er for 
infants whose name changes; specifi c pediatric 
terminology for elements of the history or physi-
cal examination; age-based normal ranges; calcu-
lation of age in days or months when appropriate; 
prescribing of medications by weight or body 
surface area; and immunization support. 

 Bar-coding technology, prevalent in our daily 
lives, was fi rst introduced into medical settings 
about 30 years ago for use in clinical laboratories 
and blood banks [ 66 ]. The use of bar codes to 
help match patients with their medication orders 
and administration is thought to be one of the 
most important mechanisms to decrease adverse 
medication events [ 67 ]. In 2004 the FDA pro-
posed the introduction of rules requiring bar cod-
ing on medications, so that bar codes could be 
cross-matched with a patient’s bar-coded wrist-
band in an effort to reduce the number of errors. 
However, integration of the different electronic 
devices remains a challenge. 

 Computerized infusion devices (smart pumps) 
with built-in software that allows the pump to be 
programmed with institution-established dosage 
limits, are widely used and are especially helpful 
in pediatrics, since they can provide warnings to 
the clinicians when the dosage limits have been 
exceeded [ 68 ]. Ideally, they should be integrated 
with a bar-code system to facilitate the safe recog-
nition of the patient about to receive the  infusion, 

and their computer system can provide data 
regarding the proper adherence to safety parame-
ters. However, human error can still occur and 
result in harm to the patient. In a study of errors 
related to Patient-controlled analgesia (PCA) 
pumps it was determined that 6.5 % of events 
were due to operator error, and most (81 %) of 
them involved pump misprogramming [ 69 ].  

    Teamwork and Communication 

 Care for many pediatric patients is based on a 
multi-disciplinary team approach, including 
social workers, nurses, physical therapists, physi-
cians and other providers, as well as child life 
specialists, nutritionists, pharmacists and others. 
Hand-offs between different care providers are 
becoming ever more numerous and without a 
standardized approach that is regularly moni-
tored for its quality will result in confusion, 
wasted time and resources, and in the end will 
lead to more errors that threaten our patients’ 
safety. A study from a large children’s hospital 
described the introduction of a resident handoff 
bundle, consisting of standardized communica-
tion and handoff training, a verbal mnemonic, 
and a new team handoff structure. Medical errors 
decreased from 33.8 per 100 admissions to 18.3 
per 100 admissions, and preventable adverse 
events decreased from 3.3 per 100 admissions to 
1.5 per 100 admissions [ 70 ]. 

 Several tools are available to further improve 
team work. The Department of Defense and the 
Agency for Healthcare Research and Quality 
(AHRQ) have developed Team Strategies and 
Tools to Enhance Performance and Patient Safety 
(TeamSTEPPS™) as a systematic approach to inte-
grate teamwork into practice. Other programs are 
modeled on the aviation industry’s Crew Resource 
Management [ 71 ,  72 ] model, the Microsystems 
approach (  http://www.clinicalmicrosystem.org/    ), 
or the Comprehensive Unit- based Safety Program 
(CUSP), developed initially to decrease catheter-
associated blood stream infections (CLABSIs) in 
intensive care units (  http://www.ahrq.gov/profes-
sionals/education/curriculum-tools/cusptoolkit/
index.html    ).  
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    High Reliability Organizations 

 Reliability is measured as the inverse of the sys-
tem’s failure rate. It is estimated that he US health 
system has a defect rate of 1 in 10 (i.e., we do it 
right only about 90 % of the time), thus performs 
at a level of 10 −1 . A performance level of 10 −1  
relies on basic standardization, such as guidelines, 
standardized order templates, on memory aids, 
including checklists, and on feedback mechanisms 
regarding compliance with standards and aware-
ness-raising, as well as training of new staff. To get 
to the next level (10 −2 , or 95 % reliability) we need 
to implement real time identifi cation of failures, 
introduce redundancy, such as double verifi cation 
of chemotherapy orders, and create an environ-
ment that makes the right way the easy way to do 
it [ 73 ]. Level 3 (10 −3  failures or fewer than 5 fail-
ures per 1,000) starts to get to the core principles 
of HRO (see below), but high reliability industries, 
such as the nuclear power industry or the airline 
industry function at or above the 10 −6  level. 

 High reliability principles include [ 74 ]:
    Preoccupation with failure : Real time aware-

ness of failures, achieved by daily monitoring 
of processes, reporting of near misses, and an 
enhanced sensitivity to processes that could 
potentially fail  before  they actually do.  

   Reluctance to simplify : The fi rst, obvious expla-
nation for a failure may not be the right one, 
and it is rarely a single issue that leads to the 
error. Jim Conway, Executive Vice President 
and Chief Operating Offi cer at The Dana Farber 
Cancer Institute when a fatal chemotherapy 
error occurred, said: “Our systems are too com-
plex to expect merely extraordinary people to 
perform perfectly 100 % of the time. We as 
leaders must put in place systems that support 
great practice by people who suffer from being 
human and thus will make mistakes.”  

   Sensitivity to operations : Leaders and staff are 
constantly aware of how processes and sys-
tems affect the organization. Any process that 
does not work is highlighted and modifi ed in 
real time. Transparency is a valuable tool to 
increase sensitivity to operations.  

   Commitment to resilience : Failures and espe-
cially near-miss situations are considered 

learning opportunities. High reliability organi-
zations are constantly learning, improving, 
and testing new ways of operating. This takes 
skilled people that have the appropriate tools, 
as well as adequate time to evaluate, measure 
and implement. A commonly used tool is the 
Plan-Do-Study-Act (PDSA) cycle [ 75 ].  

   Deference to expertise : This includes taking 
advantage of the different levels and areas of 
expertise that team members contribute, and 
the recognition that the most senior person is 
often not the most knowledgeable. Just like 
we use multi-disciplinary teams to discuss 
patient care, we may use the same approach to 
discuss any real or potential failures.    
 We already know that such high performance 

levels are possible to achieve: the safety of blood 
transfusions or general anesthesia approach a low 
failure rate of 10 −5 , similar to the airline industry 
[ 76 ]. In the new reimbursement system hospitals 
that experience safety events will be at risk, not just 
because of potential litigation, but also because 
insurance companies will no longer reimburse for 
events they consider preventable, such as ventilator-
associated pneumonias, catheter- associated blood 
stream infections, or pressure ulcers. Without doubt, 
an investment will be necessary, not just in dollars, 
but also in people and time, but a study from 
Cincinnati Children’s Hospital was able to demon-
strate measurable savings for the organization after 
implementing HRO principles. Over a 2-year period 
estimated harm-related hospital costs decreased by 
22 % due to a decrease in serious safety events 
(from 1.15 events to 0.19 events per 10,000 adjusted 
hospital-days), and a decrease in preventable harm 
events by 53 % [ 77 ]. The pediatric community can 
greatly benefi t from collaborative efforts such as 
through the Children’s Hospital Association (CHA) 
or the Solution for Patient Safety ® .      
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    Abstract  

  Quality improvement, while commonplace in manufacturing for decades, 
is a newer concept in health over the past 10–15 years. Accountability and 
transparency of patient care quality and safety metrics are becoming expec-
tations of hospitals today. There is an increasing emphasis on the provision 
of quality care in the most cost effective manner, thereby yielding the high-
est value to our consumers (patients and families). The delivery of value is 
also highly desired by third party payers. 

 To increase the safety of patient care delivery at our pediatric hospital, 
our journey to transform our safety culture took place 2 years ago, and was 
led by our hospital board and our executive leadership team. The collec-
tive passion for driving safety permeated through to the frontline staff of 
the hospital. Points of emphasis were daily safety huddles, increased event 
reporting, and intensive investigation of hospital safety events through 
root cause analysis and peer review. Positive reinforcement for near miss 
or “great catch” reporting is a regular occurrence, and has contributed to 
earlier identifi cation of problems. Our 2-year journey has resulted in a 
marked increase in event reporting and reduction in serious safety events. 
Further, improved safety outcomes including reduction in central line 
associated blood stream infections and catheter associated urinary tract 
infections have led to our hospital achieving national recognition in 2013.  

  Keywords  

  Safety huddle   •   Serious safety events   •   Hand hygiene compliance   • 
  CLABSI   •   CAUTI  
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        Introduction 

 Quality improvement is a concept that has 
existed in manufacturing for decades, but it 
has only been a part of health care for the past 
10–15 years—a topic introduced by the 1999 
Institute of Medicine’s report,  To Err is Human . 
This report highlighted the fact that deaths attrib-
utable to medical errors exceed those from motor 
vehicle accidents, breast cancer and AIDS. In 
addition to drawing attention to this matter, this 
article emphasized that most errors are not due 
to individual errors from reckless practice; rather, 
the healthcare industry is ripe for these type of 
errors due to the fragmented nature of our prac-
tices with caregivers in one setting often lacking 
the full clinical picture. System based errors were 
the focus, with the authors noting that individu-
als must still need to be accountable. This land-
mark report called for: a national focus on patient 
safety, mandatory nationwide public reporting 
of errors leading to deaths or serious injury and 
voluntary reporting of potential serious events. 
Further, committed organizational and regulatory 
expectations for improved patient safety were 
needed, and fi nally, health care organizations 
were called to create a safety culture, and imple-
ment systems that improve safety which do not 
rely upon the memory of practitioners [ 1 ]. 

 In the era of increasing accountability and 
transparency, it is no longer acceptable for hospi-
tals to improve at their own pace; they must do so 
quickly because improvement is certain to have 
fi nancial impacts on their long-term well being, 
both in terms of treating patients more cost- 
effectively and in competing in a challenging 
health care marketplace. Insurance companies 
now can choose to pay for procedures or treat-
ment provided only in centers meeting their crite-
ria, which may include performance thresholds 
or treatment costs. For instance, an insurer can 
mandate that an approved kidney transplant be 
performed at a “center of excellence,” where 
excellence is measured by several means, such as 
the number of transplants in the past year, 1-year 
allograft survival rates, median hospital length of 
stay, hospital readmission rates following renal 
transplantation or overall cost of the transplant. 

As their health care budgets continue to tighten, 
insurers are now linking reimbursement more 
closely to quality of hospital care. One such 
example is the Centers for Medicare and 
Medicaid Services (CMS), which introduced 
hospital value-based purchasing as a program to 
reward acute care hospitals for achieving quality 
outcomes for Medicare patients [ 2 ]. 

 Terms such as “hospital value-based purchas-
ing” have entered the lexicon of hospital leaders 
who want to deliver the most value for the health 
care dollar spent. Value in the health care setting is 
classically defi ned as quality divided by cost [ 3 ]:

  value quality cost= /    

This equation is critical because the focus has to 
be primarily on delivering  high - quality  care. If 
high-quality care can be delivered, the next focus 
is to provide it at the lowest possible  cost . Hence, 
delivering quality care at a responsible cost pro-
vides excellent  value , and high value is what 
patients, families, and third-party payers, such as 
CMS, are seeking. Hospital-acquired conditions 
(HAC’s), such as blood stream infections and uri-
nary tract infections associated with medical 
devices such as indwelling catheters, are now 
carefully monitored; and they are no longer part-
and- parcel of hospitalization in an intensive care 
setting. Hospitals now must be accountable for 
their outcomes, although research results linking 
reimbursement to outcomes in a pay-for- 
performance model have been mixed [ 4 ,  5 ].  

    Evolution of a Safety Culture 

 Hospitals have begun learning how to improve 
safety and quality from industries such as avia-
tion and nuclear power operations [ 6 ]. These 
complex organizations are mindful of failures, 
as well as of successes; and they focus on sys-
tem solutions and standardization of processes as 
a means to improve safety. Preoccupation with 
failure and the relentless pursuit of improve-
ment are ways that high-reliability organiza-
tions produce fewer than the expected number 
of problem events for a given high-risk situation 
[ 7 ,  8 ]. For hospitals to take on a likeness of a 
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high  reliability organization, they must focus on 
detecting errors and improving faulty processes 
with the goal of reducing the risk of recurring 
errors [ 9 ]. The mindset needed to drive change 
toward institutional improvement starts by a bet-
ter understanding of how errors are committed. 
The epidemiology of errors in pediatric hospital 
care has been recently reviewed [ 8 ].  

    The Children’s Hospital of Michigan 
Safety Story 

 The commitment to patient safety needs to per-
meate throughout the hospital. This commitment 
must begin at the highest levels of the organiza-
tion, including the Board of Trustees and the 
executive leadership team. Those at the patient- 
care level must also hold this same commitment-, 
including nursing, physicians, pharmacists, radi-
ology technicians, transportation services, and 
environmental services. 

 Children’s Hospital of Michigan (CHM) is a 
228-bed, freestanding pediatric hospital founded 
more than 125 years ago. This urban hospital is 
staffed by pediatric medical and surgical special-
ists who serve children in the local community, in 
addition to children across the region and state. 
The Hospital is the lone pediatric center in a 
larger, seven-hospital medical system. Like most 
pediatric hospitals, CHM offers comprehensive 
and specialized care, including programs for 
solid organ and bone marrow transplantation and 
burn and trauma care. 

 The hospital strives to be the best, but achiev-
ing quality requires establishing appropriate 
metrics, such rates of central-line associated 
bloodstream infections, and showing that data 
pertaining to these metrics have improved over 
baseline and benchmarked values. 

 When we decided we could do more to 
improve safety, we formed workgroups, such as 
our hospital safety event team (HSET), and 
implemented our daily “safety huddle” to begin 
changing our institutional culture. Importantly, 
we also engaged our board of trustees early on. 
These steps set the stage for several initiatives, 
especially in training our staff on error prevention 

techniques and on the importance of event report-
ing. Firmly engaging staff in this way has been 
critical to achieving and sustaining our success in 
quality and safety initiatives.  

    Staff Training in Safety Initiatives 

 Both our medical staff and other hospital person-
nel were trained in error-prevention techniques. 
Mandatory workshops and on-line tutorials were 
instituted to increase the skills and engagement 
of physicians, nurses, and support staff. Safety 
coaches were identifi ed among hospital leaders 
in an effort to reinforce safety principles and to 
disseminate updates on new safety initiatives. 
This training in error recognition and prevention 
strategies created the necessary building blocks 
to drive event reporting, which is so critical to our 
improvement efforts. A key message to staff was 
that patient safety is everyone’s responsibility. A 
second key message was that anyone who wit-
nesses an unsafe situation has the duty to speak 
up and change the situation in the interest of 
patient safety.  

    Reporting Safety Events 

 As earlier discussed, high reliability organizations 
have a high sensitivity to operations-the systems 
and processes that infl uence patient care, and are 
preoccupied with failure-looking at near misses 
as opportunities to improve these systems and 
processes to safeguard against recurrence [ 10 ]. 
The need to report errors is paramount to becom-
ing a high reliability organization. Categorizing 
error reports by event type and responsible ser-
vice allows us to develop or improve strategies to 
prevent recurrence. Creating a culture of expec-
tation around event reporting is essential; event 
reporting must be seen by every employee as a 
responsibility needed to improve hospital safety. 

 Identifying barriers to reporting is also impor-
tant because an arduous, time-consuming process 
discourages consistent reporting. An anonymous 
reporting process can reassure employees that 
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reporting is safe if they fear retaliation for “whis-
tle blowing”. These fears should subside as the 
safety culture becomes further embedded in the 
institution. 

 Creating a culture of increased reporting is 
necessary for success of a patient safety program. 
The result of an aggressive reporting environ-
ment, is a large number of reports that must be 
sorted through and organized in a meaningful 
way. Our quality team, which is comprised of the 
Director of Quality, the Chief Medical Offi cer, 
and other members of HSET, has developed a 
systematic way to organize these event reports, to 
direct them to the appropriate service for investi-
gation, and to allow close out of these reports 
with action plans to enable improvements. 
Further review of high frequency events, (medi-
cation errors, for example), might trigger the 
development of a work group to focus on com-
mon underlying causes of these events. Thus, 
event reporting is essential to starting the process, 
but it is the analysis of the events by the quality 
team that allows a deeper understanding of the 
opportunities for improvement.  

    Classifying Safety Events 

 The Healthcare Performance Improvement sys-
tem classifi es an event as a near miss, a precur-
sor event, or a serious safety event [ 11 ]. Near 
miss events do not reach the patient. Precursor 
events reach the patient but result in no or only 
minor, temporary harm, such as a wrong dose of 
medication that has no adverse effect. A serious 
safety event reaches the patient and causes mod-
erate to severe temporary harm, permanent harm, 
or death. An example of a serious safety event 
would be a wrong dose of medication that leads 
to acute kidney injury requiring hemodialysis and 
placement of a hemodialysis catheter. Although 
this error caused only temporary harm, the need 
to subject the patient to additional procedures and 
their associated risks makes this error a serious 
safety event. This classifi cation system allows us 
to report our near miss-to- safety-event percent-
age: the number of near-miss events divided by 
the total number of safety events. This percentage 

is reported on our hospital safety dashboard to 
increase the visibility of events and to reinforce 
the importance of protecting our patients against 
harm.  

    Celebrating and Rewarding Success 

 We acknowledge successes in error prevention. 
A medication error caught by a pharmacist or 
nurse can turn a potential serious safety event into 
a near miss error instead. These “Great Catches” 
occur throughout the institution: a transporter rec-
ognizes that two patients with the same last name 
are to be taken to radiology and takes the time to 
determine which patient is which, or a house-
keeper calls attention to an unusual odor in a 
cleaning closet before a chemical spill worsens. 
We publicly celebrate and recognize these Great 
Catches in hospital town hall meetings-large 
employee forums led quarterly by the hospital 
president, which focuses on new activities and 
accomplishments of the hospital. We also acknowl-
edge the individuals privately with a thank you 
note and a copy of the Great Catch announcement 
to the responsible individual(s). In general, the 
staff response to this approach has been to embrace 
our safety culture, which is paramount, because 
the staff will make or break the overall success of 
a quality improvement program.  

    Investigating Safety Events 

 Converting reported error events into quality 
improvement changes requires effort. We can 
inform leaders of safety concerns in several ways. 
We fi rst describe these ways before describing 
our investigations. 

    Notifi cation Mechanisms for Safety 
Concerns 

    The Safety Huddle 
 At CHM, we begin each weekday morning with a 
“safety huddle.” This 30-min meeting is attended 
by the hospital president, chief nursing offi cer, 
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and chief operating offi cer, and is led by the chief 
medical offi cer. Other attendees include nurse 
leaders from various acute care units, including 
neonatal and pediatric intensive care, and clinical 
service areas, such as the emergency department, 
operating room, radiology, and pharmacy. Other 
attendees come from quality, risk management, 
transportation, facilities, environmental services, 
social work, and care management. 

 Each meeting is begun with the discussion of 
Great Catches in the past 24 h, followed by the 
reporting of serious safety events. The former sets 
the tone of the meeting by celebrating success and 
helping others feel empowered to share their suc-
cesses and encourage their front-line staff to par-
ticipate. The latter helps hospital leadership quickly 
identify problems. At huddle, we may learn of criti-
cal supply shortages with equipment, pharmacy, or 
staff. We may learn of a new safety event that 
occurred a few hours before huddle, which has not 
yet made it through our event-reporting pathway. 
Whenever safety events are discussed, those report-
ing are asked to be certain that an event report is 
also fi led to assist with our follow-up investigation 
and accounting of event occurrences.  

    Daily Summary Reports and Hospital 
Safety Event Team 
 Our quality department sorts the event reports 
from the prior 24 h by location of occurrence and 
severity (near miss, precursor, or serious safety 
events) and records them in a spreadsheet. This 
daily report is circulated to quality and safety 
leaders 2 h before safety huddle. This spread-
sheet helps bridge the gap between safety huddle 
meetings. The daily report includes relatively 
minor events (e.g., infi ltrated intravenous cathe-
ters) as well as any major events that occurred 
after the previous day’s safety huddle, thereby 
giving leaders a preview of a safety huddle dis-
cussion for that morning. 

 The HSET consists of the directors of quality, 
risk management, and pharmacy; the chief and 
associate chief medical offi cers; and the chief nurs-
ing offi cer. At weekly meetings, the Team looks for 
trends in precursor events and identifi es those that 
require more detailed investigation. Team members 
review non-physician event reports and the 

 corresponding responses from the supervisors over-
seeing the front line staff involved. Hospital leaders 
are reminded to complete the investigation of events 
in a reasonable time and receive feedback about the 
event and its associated response. Providing feed-
back to hospital staff is important because it empha-
sizes that time spent entering event reports is valued 
by hospital leadership. Further, highlighting 
changes made in response to an event report helps 
validate the difference that event reporting can 
make in improving patient safety. 

 The HSET focuses primarily on precursor and 
serious safety events. Events deemed worthy of a 
deeper level of investigation might be subjected 
to a Root Cause Analysis or a Peer Review Root 
Cause Analysis (see below). Minor, physician- 
related events are sent for traditional peer review.  

    Root Cause Analysis 
 One way we review errors is with a retrospective, 
systems-based process called root cause analysis 
(RCA). The events selected for RCA include 
serious safety events, and precursor or near miss 
events with potential for severe harm. We cannot 
depend on good fortune when a potential serious 
event occurs; the focus has to be on understand-
ing why it occurred. 

 The HSET determines who should be invited 
to the RCA, and attendance is expected; a confer-
ence call is also arranged to encourage maximal 
participation. Invitees include any front-line staff 
relevant to the event. The standing membership is 
essentially the HSET team, thereby allowing 
consistency in the meeting format. The meeting 
is led by our quality director, and tension is 
quickly diffused by introductions and establish-
ing the ground rules of a non-blame environment. 
We seek to understand the problem so we can 
identify system solutions and realize long-term 
improvement. The team utilizes “fi sh bone” dia-
grams to identify cause-and-effect relationships 
among factors that may have led to or contributed 
to the event. Everyone is invited to share his or 
her understanding of the situation. The meeting is 
concluded with a thank you to all participants, 
and an action item list is disseminated 1–2 days 
later with assignments to individuals responsible 
for driving change.    
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    Peer Review and Peer Review RCA 

 Peer review is the methodology we use to evaluate 
physicians. Our team includes our pediatrician- in-
chief and our surgeon-in-chief. The process begins 
with the quality department reassigning the event 
report to the division chief overseeing the involved 
physician; the division chief’s response is then 
sent back to the quality department. 

 The peer review committee reviews both the 
event and the chief’s response without knowing 
the name of the physician involved. The event, 
not the individual, is reviewed, and a ruling of not 
preventable, possibly preventable, or preventable 
is rendered, and whether or not harm has 
occurred. After the event is scored, the physician 
name is revealed so that the pediatrician-in-chief 
or surgeon-in-chief can note that information. A 
letter is then sent to the involved physician 
informing him or her of the committee’s deci-
sion. Descriptions of preventable and possibly 
preventable events are placed in the physician’s 
fi le, which is available to the chief when privi-
leges are up for renewal. 

 Serious events that involve physician judg-
ment or behaviors are investigated in a peer-
review RCA; attendees at this meeting that are 
involved in the analysis include: our peer review 
committee, directors of quality and risk manage-
ment, and the involved physician(s). This format 
allows a more expedient response to serious mat-
ters and allows the discussion to be documented. 
The event is also classifi ed regarding its prevent-
ability and associated harm. 

    Involvement of the Hospital Board 

 Sustaining the highest safety and quality stan-
dards requires that they be a core value through-
out the organization [ 12 ]. Safety and quality must 
be topics of conversation at every huddle and at 
every conference so that they are always seen as 
priorities. At Children’s Hospital of Michigan, 
we are blessed with a highly engaged board of 
trustees comprised of community leaders, many 
of whom have a personal connection to our hos-
pital. It is a volunteer board, but one whose 

 members are passionate about making our hospi-
tal safer and better. 

 Our hospital board has members from the 
private sector, hospital executive leadership, and 
physician leaders and meets quarterly. Because a 
major focus of our board is quality and safety, we 
are fortunate to have a quality committee within 
the board, which meets bimonthly. This commit-
tee is co-chaired by the vice chair of our board, 
who has an engineering background and exten-
sive experience in quality and safety manage-
ment in the automotive industry. Other members 
of the committee come from the manufacturing, 
healthcare services, automotive, and retail sec-
tors. Our meetings focus on discussing quality 
results. A healthy dialogue from our non-hospital 
board members challenges us to think differently. 

 One outcome of our quality committee was our 
Quality-Safety Education Day, which took place in 
May 2012, for hospital managers and supervisors. 
The workshop was hosted by our chief medical 
offi cer and led by our quality committee members 
who invited colleagues with expertise in process 
improvement. The morning featured didactic ses-
sions on process- improvement techniques and 
problem-solving strategies used in the automotive 
and healthcare manufacturing industries. Key con-
cepts from these sessions included the importance 
of identifying an “Interim Containment Action” 
plan, or “tourniquet” whenever a problem is iden-
tifi ed [ 13 ]. These sessions emphasized the need 
to immediately stop the problem from happening 
elsewhere as soon as the circumstances leading to 
it are identifi ed. Developing a perfect solution to a 
problem can take several months, but the problem 
must not be allowed to recur in the meantime. 

 Specifi c safety concerns were the focus of the 
afternoon session. Two workgroups were formed, 
and attention was directed at two areas of need: 
reducing central-line associated bloodstream 
infections and improving the early recognition of 
sepsis in children. After a case presentation high-
lighting the problem, attendees, including our 
guests with expertise in Six Sigma process 
improvement techniques, suggested alternative 
approaches to these important clinical problems. 
At the end of the day, both work groups recon-
vened and reported their recommendations. 
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 The workshop was well received by partici-
pants, who saw it as evidence that our hospital 
board and executive leadership were committed to 
improving quality and safety. The workshop defi -
nitely helped jump-start our quality and safety 
journey. It emphasized to the doctors and nurses 
struggling with these issues that central- line asso-
ciated bloodstream infections and delayed recog-
nition of pediatric sepsis were hospital- wide 
problems that were taken seriously by the entire 
hospital, not simply by those in the pediatric 
intensive care units and emergency departments.   

    Outcomes 

 The impact of our safety culture can be measured 
in several ways. Qualitatively, the staff may speak 
the language of safety, but have our efforts really 
translated into meaningful results and, if so, what 
are they?  

    Increased Event Reporting 

 As noted earlier, to reduce serious safety events, 
the hospital needs to increase the number of events 
reported to capture more near miss events. A hos-
pital whose culture encourages event reporting 
often sees a sharp increase in the number of 
reported safety events early on [ 11 ]. The goal of 
event reporting, however, is to fi rst increase the 
number reported so that all events are known and 
then to shift the percentages away from serious 
events toward near miss and precursor events. 

 We track reports every month (Table  25.1 ). 
Event reporting increased by 12 % from 2011 to 

2012 and by another 28 % from 2012 levels in 
2013. These trends indicate that the staff is mak-
ing safety a high priority.

       Other Safety Metrics 

    Hand Hygiene Adherence 

 Hand hygiene was a metric that challenged us for 
some time. We measured adherence with “secret 
shopper” observations in various hospital set-
tings, such as the acute care units, emergency 
department, operating room, and ambulatory 
clinics. Adherence was 86.5 % from July 2010 
through April 2011. Until then, a non-blame, 
accountability culture predominated. Although 
this tradition is in keeping with our general 
approach to quality and safety, it is diffi cult to 
not assign some level of personal accountability 
for washing one’s hands [ 14 ,  15 ]. As such, we 
placed a new emphasis on hand hygiene scores 
as a fi rst step in reducing hospital-associated 
infections. 

 Our hand-hygiene compliance offi cers were 
re-educated about reporting. No longer was the 
epidemiology department content with generic 
designations such as “nurse,” “resident,” “med-
ical student,” or “transporter”; we now expected 
the compliance offi cers to report specifi cs such 
as, “resident John Smith was observed not 
washing his hands before entering a room on 
hospital ward X at 2 PM on June 8, 2011.” 
Reports with this degree of specifi city were 
gathered over a month and shared with the hos-
pital chief medical offi cer, who drafted an 
e-mail to the leader overseeing the responsible 
individual. The baseline period lasted from 
May 2011 through June 2011. One year later, 
the hand hygiene adherence rate had increased 
to 98.7 %. Our methodology changed slightly 
in July 2012 when we allowed parents to assess 
hand hygiene adherence with a questionnaire in 
select outpatient clinics. The result for fi scal 
2013 was 96 %. Increased awareness and moni-
toring with feedback markedly improved and 
sustained hand hygiene.  

   Table 25.1    Event Reports for the Children’s Hospital of 
Michigan, 2011–2013   

 Fiscal 
year 

 Average 
number 
of event 
reports 
per month 

 Reporting 
rate per 
10,000 
adjusted 
patient days 

 Percent 
change 
from 
prior year 

 Percent 
change 
from 2011 
baseline 
rate 

 2011  187  …  …  … 
 2012  211  483  +12.2  +12.2 
 2013  270  644  +28.0  +43.6 
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    Hospital Acquired Infections 

 The rates of central-line associated bloodstream 
infections and catheter-associated urinary tract 
infections should be reduced by improved hand 
hygiene. Both causes of infections have been 
tracked hospital-wide for some time. We hypoth-
esized that both rates would decrease by the 
increased emphasis on infection prevention, 
such as improving hand hygiene. Of course, we 
use an insertion-bundle checklist for central-line 
placement; the importance of this approach has 
been well described [ 16 ,  17 ]. Indeed, both infec-
tion rates declined signifi cantly. These favorable 
trends refl ect an institutional commitment to 
safety and quality beginning with hand hygiene, 
reduction of catheter usage, and timely removal 
of indwelling devices whenever possible. The 
improvement in these important hospital safety 
metrics has many implications: fi rst and foremost, 
patient safety is improved; second, hospitalization 
costs and patient length of stay are decreased. 

 As a testament to our improved safety scores, 
The Leapfrog Group recognized CHM as 1 of 13 
Top Children’s Hospitals in 2013; our last receipt 
of this designation was in 2008. The criteria used 
for award qualifi cation included best safety prac-
tices to reduce medication errors (computerized 
physician order entry-a Leapfrog recommended 
practice), adequacy of intensive care unit (ICU) 
physician staffi ng, low frequency of never events, 
and low rates of hospital acquired conditions 
such as infections [ 18 ].   

    Lessons Learned 

 As we have continued our safety journey, we have 
tried to use the results of our root cause analysis 
as “take away lessons.” One issue consistently 
identifi ed during our patient safety event investi-
gations has been communication breakdowns, in 
which nurses and residents are reluctant to escalate 
safety concerns to their supervising nurses and/or 
attendings, respectively. Too often, for example, 
a nurse had repeatedly contacted the resident on 
call, despite the fact that this individual’s response 
was suboptimal. One outcome from our quality 

department was our “escalation communication 
algorithm.” This tool empowers nurses to pursue 
the issue with supervisors above a resident if they 
are concerned. For stable patients, the nurse is 
asked to wait no more than 20 min for an appro-
priate response and to shorten the wait to 10 min 
if the patient’s clinical status is concerning. Of 
course, if the patient is unstable, a rapid response 
or code blue can be called at any time. The escala-
tion pathway moves from the senior resident, to the 
fellow (if applicable), to the responsible attending, 
to the Division Chief overseeing the responsible 
attending, to the Specialist-in-Chief (either the 
Pediatrician-in- Chief or the Surgeon-in-Chief) to 
the Chief Medical Offi cer, to the hospital president. 
This tool, in conjunction with our aggressive event 
reporting and our relentless commitment to safety, 
has reduced the frequency of serious safety events 
over the past 25 months from 2.6 events/month for 
the fi rst 7 months to 0.6 events/month for the next 
8 months, followed by 0.2 events/month for the 
most recent 10 months (Fig.  25.1 ).

   An example of an action item from a hospital 
safety event included the development of white 
“time out” boards, which have traditionally been 
used in operating rooms (Fig.  25.2 ). The time-out 
board used in our cardiac catheterization lab has 
checklist items on patient demographics, impor-
tant laboratory values, and safety items, such as 
confi rmation that two forms of identifi cation 
were used to confi rm the patient’s identify, the 

  Fig. 25.1    The frequency of serious safety events at 
Children’s Hospital of Michigan, 2012 and 2013. A seri-
ous safety event reaches the patient and causes moderate 
to severe temporary harm, permanent harm, or death       
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consent form was signed, allergies were con-
fi rmed, and that the heparin cup had been 
removed from the procedure table. This checklist 
has increased the likelihood of performing car-
diac catheterizations without incident.

       Conclusions 

 The safety journey at our hospital is well under-
way, but more work is needed. We need to con-
tinue to learn from our quality and safety 
investigations and to translate these lessons into 
better value. This chapter described our efforts 
to improve hand hygiene and to lower the rates 
of hospital-acquired infections and serious 
safety events. Our future efforts need to further 
and sustain these improvements at lower costs. 
The Detroit Children’s hospital will continue to 
be a model of leadership for driving quality 
improvement at lower costs for pediatric 
healthcare.     
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        Introduction 

 It has been over a decade since the Institute of 
Medicine Report (IOM), To Err is Human [ 1 ] 
with alarming estimates of preventable medical 
harm. The report demanded a new approach to 
safety, highlighted systemic issues, and called for 
a 50 % reduction in medical errors by 2004. This 
was not achieved, despite dedicated efforts at 
local, regional and national levels, as well as 
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    Abstract  

  Pediatric cardiac surgery is a complex, high- risk fi eld characterized by a 
vulnerable patient population, technically demanding surgery, and techno-
logical and team challenges. Human factor studies have identifi ed the 
importance of teamwork, communication, and standardization of some 
processes of care to improve outcomes. With demonstrable improvement in 
safety still lacking, continued refl ection is warranted on the fundamental 
concepts which underlie safety efforts. Most studies have adapted a linear 
accident model with emphasis on error commission and recovery, adverse 
events, and latent conditions. More recent approaches to safety based on 
systems and resilience engineering are more applicable to complex systems 
of care, such as cardiac surgery. Systems engineering seeks to minimize 
risk through redesign. Resilience engineering explores how individuals and 
organizations negotiate complexity to  create  safety.  
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turning to other high-risk industries and organi-
zational safety models for instruction. 

 Initiatives to improve patient safety have 
continued to gain momentum over recent years, 
yet it is worthwhile to remember that signifi -
cant efforts to improve safety and outcomes had 
already started within pediatric cardiac surgery 
prior to the IOM report being published. Marc 
de Leval introduced the concept of human fac-
tors to the fi eld [ 2 ] and adapted an organizational 
accident model to study the role of human fac-
tors in surgical outcomes [ 3 ]. Two high profi le 
inquiries into pediatric cardiac surgery deaths in 
the United Kingdom [ 4 ] and in Canada [ 5 ] high-
lighted the presence of system-wide problems, 
which echoed the call for a systemic approach to 
safety in the treatment of children with congeni-
tal heart disease. 

 More than a decade after the fi rst IOM report, 
and despite signifi cant effort and fi nancial invest-
ment, it is unclear in fact if patient safety has 
improved [ 6 – 9 ]. While efforts have gone into 
refi ning error counting and data collection, con-
tinued refl ection is warranted not only on how to 
reliably measure safety [ 8 ], but also on the funda-
mental concepts of safety that guide our safety 
improvement efforts. 

 All efforts to improve safety are based on an 
underlying understanding, and conceptual model, 
of safety and risk. As in many industries, tradi-
tional emphasis in healthcare has been on the 
frontline practitioner, and more recently a linear 
accident model has been applied to explore all 
contributing factors. Complex linear accident 
models portray adverse events as the results of a 
chain of events and failures, which may be active 
or latent [ 10 ]. Linear models are appealing for 
their clarity and ease of understanding, and they 
offer conceptually straightforward solutions: 
eliminate root causes, strengthen defences, and/
or introduce barriers between the hazard and the 
patient. The very simplicity that makes them 
appealing, however, limits their applicability to 
complex systems. By artifi cially simplifying 
complex interactions into linear causal chains, 
the adaptive function that a “failure” in one chain 
of events may have in another system function is 
not recognized. Opportunities to explore  why  

people acted as they did are limited, and solutions 
(for example, punishing/banning certain actions 
or introducing barriers) may inadvertently intro-
duce more complexity and risk into the system. 

 While fault-based and linear accident models 
may remain useful in simple systems, in which 
processes are linear and there is one best way of 
doing things, they are insuffi cient to adequately 
describe risks in complex systems. With the 
development of increasingly complex systems 
scientifi c thinking about safety has increasingly 
moved towards a “systemic view”, in which out-
comes are seen to emerge from the complex 
functioning of the system as a whole [ 11 ], It is 
not suffi cient to understand and improve the 
function of one system component; interdepen-
dencies and relationships must be recognized, 
explored, and optimized. 

 Safety research in pediatric cardiac surgery 
has developed in a parallel course to safety theory 
in general, concentrating fi rst on the performance 
of the individual surgeon [ 2 ], with more recent 
studies highlighting team and organizational fac-
tors [ 3 ,  12 ,  13 ]. Methods and measures have pre-
dominantly been adapted from a linear accident 
model (Swiss Cheese analogy [ 10 ], with an 
emphasis on error commission and recovery, 
adverse events, and latent conditions. The exist-
ing research has identifi ed the importance of 
teamwork, communication, and standardization 
of some processes of care. 

 Pediatric cardiac surgical care delivery  is  a 
complex system. It is characterized by a highly 
vulnerable patient population, technically 
demanding surgery, complex monitoring and life 
support technology, and the coming together of 
individuals from several disciplines to form a 
team at each stage of patient care. Advances in 
diagnosis, surgical technique, perfusion and ICU 
management have allowed younger, patients with 
more complex lesions to be treated, and survival 
has increased signifi cantly. Paradoxically, these 
same advances have also increased system com-
plexity and introduced new sources of risk that 
cannot adequately be studied and addressed using 
a linear accident model. 

 This chapter will briefl y review the contri-
butions and limitations of the linear accident 
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model to our understanding of safety in pediat-
ric cardiac surgery. It will then discuss two sys-
tems approaches to safety in complex systems, 
systems engineering and resilience engineering. 
The approaches are complementary when study-
ing a complex socio-technical system. Systems 
engineering emphasizes design and process and 
seeks to minimize risk through system redesign, 
and resilience engineering has a stronger focus 
on the human dimension, exploring how individ-
uals and organizations create safety by managing 
complexity. 

    Traditional View of Safety: 
The “Person Model” 

   I will prescribe regimens for the good of my 
patients according to my ability and my judgment 
and never do harm to anyone  - Hippocratic Oath, 
4th Century BC 

   The traditional understanding of safety, in 
healthcare as in other industries, emphasizes the 
frontline individual’s contribution to an outcome. 
The underlying belief is that competent individuals 
will produce a desired, “safe” outcome. Undesired 
outcomes are the result of error, and error is caused 
by incompetence or complacency. In this view, 
sometimes called the “bad apple theory”, the sys-
tem is inherently safe, but is threatened by incom-
petent or complacent individuals (bad apples). 
Once offending individuals are identifi ed, removed, 
or rehabilitated (“naming, shaming, blaming, 
retraining”) [ 14 ], system safety is restored. 

 Belief in the bad apple/person model of safety 
remains strong in healthcare. The medical culture 
is rooted in a deep sense of personal responsibil-
ity, accountability and patient ownership [ 15 ]. 
Healthcare, and especially surgery, is often deliv-
ered in a one-to-one or few-to-one manner [ 16 ], 
and patients as well as healthcare professionals 
believe that safety “lies foremost in the hands 
through which care ultimately fl ows to the 
patient” [ 17 ]. As such, poor surgical outcome is 
still often ultimately concluded to be the “fault” 
of an individual surgeon. A failed intubation 
attempt or line insertion is due to the lack of skill, 

error or complacency of the anesthetist. A medi-
cation error is caused by the incompetence or 
carelessness of the doctor prescribing, or the 
nurse administering the drug. 

 While individual competence remains essen-
tial, and while a high degree of personal account-
ability is laudable, as Dekker asks:  are individual 
virtue, competence, and strength of character the 
only things, the main things, we want to rely on”  
[ 17 ] to optimize patient safety? Is the system so 
frail that the difference between a good outcome 
and catastrophe is one person? 

 The deeply held belief that competence equals 
perfection, that error equals incompetence, and 
that good doctors do not make mistakes has fos-
tered a culture of secrecy, shame, and blame that 
has not only limited opportunities for safety learn-
ing, but offers few strategies for safety growth 
beyond insisting that people be better and try 
harder. Far from producing demonstrable improve-
ment in safety, this is the approach that is alleged 
to cause upwards of 100,000 deaths each year in 
the United States alone. The fi rst IOM report [ 1 ], 
the Bristol inquiry [ 4 ] and the Winnipeg inquiry 
[ 5 ] all demanded a new approach to patient safety, 
moving beyond the traditional person-based model 
to examine systemic factors.   

    Early “Systems” Approach: 
The Linear Accident Model 

   Rather than being the main instigators of an acci-
dent, operators tend to be the inheritors of  system  
defects. Their part is that of adding the fi nal gar-
nish to a lethal brew that has been long in the cook-
ing.” Reason [ 18 ] 

   At the time that safety research in pediatric 
cardiac surgery began, James Reason’s Swiss 
cheese analogy [ 10 ] had recently emerged. It has 
provided the framework for most of the safety 
research in this fi eld. 

 The Swiss cheese analogy is a linear accident 
model. An accident is seen as the result of a num-
ber of contributing factors, some active and some 
latent, that come together at a particular place 
and time. Reason’s metaphor describes layers 
of defenses, barriers and safeguards between a 
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hazard and its potential victim. The Swiss cheese 
imagery refers to the weaknesses (“holes”) that 
exist in each defensive layer. Weaknesses are the 
result of “active failures’ by people- slips, lapses, 
fumbles, mistakes and procedural violations- and 
of “latent conditions” within the system itself, for 
example, understaffi ng or chronic worker fatigue 
resulting from managerial decisions. An acci-
dent occurs when the holes in many layers line 
up, allowing the hazard through. In this model, 
risk can be managed proactively by tracing back 
and eliminating the root cause, by identifying and 
remedying latent conditions in the system and/or 
by introducing barriers into the hazard trajectory. 

 The Swiss cheese metaphor has been widely 
adopted in healthcare and in safety research in 
pediatric cardiac surgery [ 3 ,  12 ,  13 ,  19 ]. In this 
analogy, if the “hazard” is improper transfer of a 
coronary artery during the arterial switch opera-
tion, layers “upstream” from the surgeon might 
include pre-operative diagnosis and decision- 
making and latent conditions in the cardiac surgery 
department, hospital management, and healthcare 
organization [ 20 ] causing distraction and subopti-
mal surgical performance. A layer “downstream” 
might be diagnostic techniques to detect the coro-
nary problem before separation from cardiopulmo-
nary bypass, allowing immediate revision. A 
“hole” in this layer of defense could be failure by 
the cardiologist to identify an incorrect coronary 
attachment on the postoperative echocardiogram. 
A “hole” in the anesthesia layer of defense might 
be “ cognitive tunnel vision on insertion of lines to 
the neglect of monitoring the ECG screen  [ 3 ], 
which could delay the identifi cation of patient 
instability and reevaluation of coronary blood fl ow. 

    Contributions and Limitations 
of the Linear Accident Model 

   One of the greatest obstacles to progress on safety 
is, paradoxically, the attraction of neat solutions 
-Charles Vincent [ 21 ] 

   There is no doubt that the widespread adop-
tion of the linear accident model has added to our 
understanding of adverse events in healthcare. It 

has helped to defl ect blame from frontline work-
ers and to increase our awareness of upstream 
factors. Safety studies in pediatric cardiac surgery 
have used a linear accident model to highlight the 
importance of teamwork, clear communication, 
and standardization of some processes. But is a 
linear accident model such as the Swiss cheese 
metaphor  suffi cient  to understand safety? Does 
it accurately and fully describe how things go 
wrong, and more importantly for future learning, 
does it explain  why  they did? 

 Paradoxically, the very simplicity that has 
given the linear accident model such appeal and 
resulted in its widespread use may hinder further 
progress on safety by artifi cially reducing the 
complexity of real work. The model reduces 
complex interactions into artifi cially simple lin-
ear sequences, and hindsight provides a seem-
ingly predictable view of the path to failure. The 
inherent outcome bias of an accident model fur-
ther limits progress on safety by labeling behav-
ior and actions as errors and failures, rather than 
considering alternative explanations for why 
people behaved as they did with the information 
available to them  at the time . 

 Using a linear accident model approach, a 
multi-center study of human factors in the arterial 
switch operation [ 3 ] classifi ed similar events as 
“minor” or “major” according to outcome. For 
example, “ cognitive tunnel vision on insertion of 
lines to the neglect of monitoring the ECG screen 
(where no major event results)”  is classifi ed as a 
minor event, while  “delayed diagnosis of a major 
deterioration in the patient’s condition”  [ 3 ] is 
listed as a major event. In this case, who deter-
mines that tunnel vision and neglect of monitor-
ing occurs? If line insertion was diffi cult, was the 
attentiveness of the anesthetist to the task of 
inserting the lines “tunnel vision”, and was it 
inappropriate? The same behavior “event” can 
therefore be classifi ed as either minor or major 
 according to the outcome.  

 The linear accident model has increased our 
understanding of upstream contributions to acci-
dents by identifying vulnerabilities throughout 
the system, rather than implicating only the front-
line worker. However, over reliance on the linear 
accident model may hinder further progress in 
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safety by artifi cially representing complex pro-
cesses as linear sequences, and by concluding the 
investigation at the identifi cation of fault or error 
rather than considering how observed actions 
made sense to clinicians at the time. Beyond 
sequencing observable events and listing prob-
lems, a different mental model and tools are 
required to develop meaningful understanding of 
complex work [ 22 ].   

    Systems Approach to Safety 

 Faced with increasingly complex systems that 
stretched the limits of traditional industrial acci-
dent models and safety engineering techniques 
[ 11 ], scientifi c thinking about safety has evolved 
towards a “systems view”, in which outcomes are 
seen to emerge from the complex functioning of 
the system as a whole. 

 The International Council of Systems 
Engineering (INCOSE) [ 23 ] defi nes a system as:

  A system is a construct or collection of different 
elements that together produce results not obtain-
able by the elements alone. The elements, or parts, 
can include people, hardware, software, facilities, 
policies, and documents; that is, all things required 
to produce systems-level results. The results 
include system level qualities, properties, charac-
teristics, functions, behaviour, and performance. 
The value added by the system as a whole, beyond 
that contributed independently by the parts, is pri-
marily created by the relationship among the parts; 
that is, how they are interconnected. 

   Reductionist approaches to improve safety by 
optimizing individual system components are sim-
ply not suffi cient in complex systems; relationships 
and interdependencies between different parts of a 
system must be understood (systems analysis) in 
order to identify areas of vulnerability that can be 
improved through design (systems engineering). 

 Karsh and Alper [ 24 ] describes the main steps 
shared by several systems analysis methodologies:
    1.    Determine what system will be the subject of 

analysis   
   2.    Produce a preliminary work system map.   
   3.    Using the preliminary work system map, 

identify stakeholders in the system under 
analysis.   

   4.    Stakeholders conduct an initial scan of the 
system by gauging the accuracy of the pre-
liminary work system map and by “scanning 
the horizon” for upcoming internal or exter-
nal factors that could impact the system.   

   5.    Set boundaries on the system, realizing that 
setting them too narrow may miss important 
variables and setting boundaries wide will 
increase analysis time.   

   6.    Determine specifi c, measurable performance 
goals for each step in the system.   

   7.    Begin formal data collection to revise and 
update the work system map, gauge current 
performance, and determine baseline mea-
sures that will be used to evaluate the effec-
tiveness of system redesign.   

   8.    Analyse data in order to identify weaknesses 
and prioritize areas for redesign.   

   9.    Develop control strategies for identifi ed hazards.   
   10.    Conduct a system analysis on the redesign 

hazard-control ideas prior to implementation.    
  This framework can be applied at a regional or 

national healthcare level to describe the current 
structure of healthcare delivery and identify tar-
gets for change [ 25 ]. It can also be applied at an 
institutional and clinical microsystem level [ 26 – 29 ] 
to provide a meaningful blueprint of local work 
systems by which events can be analysed and 
processes understood and redesigned. 

 Barach and Johnson [ 26 ] used systems analysis 
to develop a process map of pediatric cardiac surgi-
cal care. Note that each step in the larger system 
process map can represent a process map of its 
own; boundaries may be set large initially and then 
narrowed depending on the focus of analysis and 
complexity of clinical steps involved (see Fig.   3.3    ). 

 The authors suggest the following questions 
when developing and analysing the process map:
•    What is the goal of the process?  
•   Does the process work as it should?  
•   Are there obvious redundancies or complexities?  
•   How different is the current process from the 

ideal process?  
•   What are the various factions within the larger 

group, and how does this division support/hin-
der more effective processing of patient care?  

•   What are the work-arounds to the proscribed 
process?    
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 A key concept is that a work process is mapped 
 as it is  rather than as  it is desired  in order to iden-
tify areas of vulnerability. This is a fundamental 
difference from the widespread accident model 
approach, in which events associated with an 
undesired outcome are judged against an imag-
ined ideal process. For example, consider the 
event (failure): “cognitive tunnel vision on inser-
tion of lines to the neglect of monitoring the ECG 
screen” [ 3 ] against the backdrop of the process 
map. What is the usual process for line insertion, 
and under what circumstances- how does it inter-
act with other elements of the surgical process 
map? What are the constraints (eg time pressure 
from surgical team?) and competing demands (eg 
insert line while also responsible to watch the 
monitor). Are there redundancies and/or safe-
guards (eg audible alarm on monitor? Second 
person assigned to watch monitor and respond 
while anesthetist is occupied with line insertion 
task?). By moving beyond identifying that a 
behaviour or process was not ideal to explore  why  
(beyond calling it an error or failure), valuable 
information is obtained about the competing 
pressures and inter-dependent elements that 
make up normal work, which can then inform 
system redesign. 

 The systems approach and systems engineer-
ing offer tremendous opportunities for safety 
learning and improvement in healthcare. 
Engaging engineering partnerships at the sharp 
end of healthcare delivery will be essential at 
local as well as the national level to develop a 
systems approach.  

    Resilience Engineering 

 The systems approach introduced the idea of 
safety emerging from interactions among system 
parts. Systems engineering seeks to minimize 
risk by optimizing design, with an emphasis on 
structure and processes. 

 Resilience engineering adds the dimension 
that while certain risks may be decreased through 
redesign,  risk cannot be eliminated , and that in 
complex systems, risks are ever changing. Safety, 
then, is not something that a system  has  by design 

and  maintains  by following procedure. Rather, 
safety is something that people and organizations 
 create , by recognizing and negotiating constantly 
changing conditions, pressures and competing 
demands [ 30 ]. In this view, “failure” is not caused 
by deviations in standard procedure, as devia-
tions and workarounds are recognized as adapta-
tions developed to handle complexity. Failure is 
the (temporary) inability to cope with complex-
ity. As such, risk is not “managed” by limiting 
performance variation and adding barriers and 
constraints (which, paradoxically, increase sys-
tem complexity). Rather, risk is understood as 
emerging from competing demands and limited 
resources that make tradeoffs, workarounds and 
performance variation necessary. Safety is not 
defi ned solely as the  absence  of adverse events, 
but is explored as the  presence  of resilience: “the 
ability of an organization to continue operations 
during and after a major mishap or in the pres-
ence of continued signifi cant stresses” [ 31 ]. 

 Resilience engineering does not abandon the 
study of accidents, rather it  adds  the dimension 
of studying normal work in order to identify con-
fl icting goal pressures, safety boundaries, and 
leadership and teamwork characteristics that may 
both create success and become vulnerabilities at 
times of stress. 

 The focus of accident analysis is thus shifted:

  Rather than looking for causes we should look for 
concurrences, and rather than seeing concurrences 
as exceptions we should see them as normal and 
therefore also as inevitable. This may at times lead 
to the conclusion that even though an accident hap-
pened nothing really went wrong, in the sense that 
nothing happened that was out of the ordinary. 
Instead it is the occurrence of a number of events, 
just on the border of the ordinary, that constitutes 
an explanation of the accident or event [ 31 ]. 

   Studies of complex socio-technical systems 
reveal that there are often mismatches between 
actual work and written guidelines, and that this 
is not unique to adverse outcomes [ 17 ]. As sys-
tems grow in complexity, policies and procedures 
tend to become less relevant because conditions 
change too quickly for written guidelines to keep 
up, and because written guidance cannot capture 
all the complex adaptations and permutations 
necessary to maintain production in the face of 
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ever changing resources and conditions. 
Clinicians work around the rules rather than care-
lessly disregarding regulations, but they are usu-
ally adapting their performance where regulations 
are underwritten, and are making necessary 
 tradeoffs among competing demands to get 
things done. Simon called this  satisfi cing : a com-
bination of satisfying and suffi cing [ 17 ]. 
Hollnagel calls it effi ciency-thoroughness trad-
eoffs (ETTO):  “in their daily activities, at work 
or at leisure, people routinely make a choice 
between being effective and being thorough, 
since it is rarely possible to be both at the same 
time”  [ 32 ]. Production pressures and limited 
resources demand that people be effective. In 
hindsight after an accident, it seems clear exactly 
where they should have been thorough. 

 Accident analysis will always be subject to 
hindsight and outcome biases. Investigators must 
make a concerted effort when reconstructing 
events to follow the  local rationality principle  
[ 33 ]: that people behave in a way that is reasonable 
to them, that makes sense to them given  the way 
the world looked to them at the time . People are 
not deliberately erring, violating and deviating 
from correct procedure; they are balancing pres-
sures to try to get things done right. What data was 
available to people at the time? What did the situ-
ation look like to them each step of the way? What 
other pressures existed? Where was their attention 
focused? Why did they behave the way they did? 
As Dekker urges: “Be relentless: press on their 
behavior until it makes sense to you” [ 33 ]. 

  Example 
 Recall the example of an anesthetist’s “ cognitive 
tunnel vision on insertion of lines to the neglect of 
monitoring the ECG screen”  [ 3 ]. The anesthetist 
is performing at least two simultaneous tasks: 
that of inserting a line, and that of monitoring the 
ECG screen. In hindsight after the delayed iden-
tifi cation of a problem on the monitor, we assume 
that the anesthetist had full knowledge of the 
undesired outcome, and therefore  chose  wrongly 
to concentrate on the line insertion rather than on 
the screen. In reality, the anesthetist was attend-
ing to and negotiating two (at least) goals and 
risks: the goal of monitoring, with the risk of not 

succeeding at line insertion from focusing on the 
ECG screen and the goal of line insertion, with 
the risk of missing an important change in vital 
signs on the monitor. If the “failure” in this case 
had been an unsuccessful line insertion, the anes-
thetist could just have easily have been faulted 
for not paying enough attention to the line and 
too much attention to the ECG screen. The risk 
here is not the “erring” anesthetist, but the com-
peting demands. Rather than insisting the anes-
thetist, in hindsight, choose better, a systems 
engineering approach would redesign workfl ow 
so as to minimize competing demands. Risk can-
not be completely eliminated, and so individual 
and team resilience needs to be increased by 
explicitly calling attention to sometimes unavoid-
able competing demands in order to facilitate 
urgent communication, backup, and teamwork 
when the undesired situation arise.  

 Schraagen et al. [ 34 ] move away from error- 
based descriptions in a prospective study of 
pediatric cardiac surgical microsystems. Using 
a pre-operative questionnaire to explore team 
preparedness and intraoperative observations, 
the authors avoid “error” and “failure” based 
defi nitions, and instead introduce the term “non 
routine event”(NRE), defi ned as “any event that 
is perceived by care providers or skilled observ-
ers to be unusual, out-of-the-ordinary or atypi-
cal”. In keeping with previous studies of Human 
Factors in the operating room [ 3 ,  12 ], more 
procedural NREs were associated with a more 
complicated post-operative course. In contrast 
to previous studies, good teamwork was associ-
ated with poorer patient outcomes. The authors 
believe this may refl ect a fl aw in previous studies, 
which rated teamwork mostly in hindsight, with 
knowledge of the outcome. They suggest that 
teamwork processes are adaptive mechanisms, 
emerging primarily when operations become 
more diffi cult. They hypothesize that during dif-
fi culty, poor teams will display ineffective team-
work while excellent teams such as the one they 
observed will display good teamwork, even if the 
outcome is ultimately adverse. 

 A resilience engineering approach to acci-
dents challenges the strong outcome bias that has 
dominated traditional accident investigations. 
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If we accept that a system is complex, and that 
performance variation is  necessary , then we must 
also be prepared to discover that an adverse out-
come emerged from the same work processes 
that usually produce the desired outcome, and 
that “even though an accident happened, nothing 
really went wrong, in the sense that nothing hap-
pened that was out of the ordinary” [ 31 ]. By 
acknowledging the imperfection of  normal  work, 
we take the fi rst steps towards a genuine under-
standing of risk and safety in a complex socio- 
technical system. 

 Resilience engineering [ 31 ] seeks to expand 
on the traditional defi nition safety as the  absence  
of an accident or adverse event and explore safety 
as the  presence  of something: what is it that peo-
ple do to make things go right? Safety is reframed 
as the  presence  of resilience. To fully understand 
safety, we must not only seek to understand acci-
dents, but also to understand how people create 
success. 

 Dekker describes four characteristics [ 30 ] of 
resilient organizations:
    1.    They do not take past success as a guarantee 

of future safety   
   2.    They keep a discussion of risk alive even 

when conditions appear safe   
   3.    They are open to new perspectives, invite 

minority opinions and doubt, and remain curi-
ous and sensitized to risk   

   4.    They promote a culture of refusing to trade 
safety for production concerns.    
  Is resilience engineering relevant to healthcare 

systems? There has been a strong held premise in 
the patient safety movement that all errors are 
discoverable, and preventable, and that the goal 
of patient safety should be achieving zero error 
and zero harm [ 22 ]. Yet more than a decade on 
from the fi rst IOM report, we are no closer to that 
ambitious goal. 

 Dekker makes the important distinction 
between  complicated  and  complex  systems. 
A  complicated  system may be diffi cult and intri-
cate, but is “ultimately knowable” [ 17 ], can be 
described, and can be controlled by discovering 
the one best way to operate. In a complicated 
system, accidents result from deviation from the 
one best way of operating. Systems engineering 

can be used to redesign processes in order to 
decrease hazards in even very complicated sys-
tems. A  complex  system, however, is never fully 
knowable. Boundaries are blurred; relationships 
are non-linear and interdependent, in ways that 
 cannot  be fully appreciated or understood. 
Success is not guaranteed by designing and fol-
lowing the one-best-way of doing things; there is 
no one- best way to balance forever changing and 
 competing demands. Success is achieved by 
constantly adapting to changing conditions and 
pressures. Failure is not deviation from the one-
best- way, but is the inability to adapt to com-
plexity. In order to make meaningful progress in 
patient safety, we must decide whether health-
care is complicated, or truly complex; the answer 
is that it shares both properties. 

 What about pediatric cardiac surgery? It is a 
high-risk fi eld characterized by a vulnerable 
patient population, technically demanding sur-
gery, invasive life-support technology, highly 
technical monitoring systems, and multidisci-
plinary care teams. Few would argue that the sys-
tem is complex. Some  elements  of the system are 
complicated; these are the most readily studied, 
and it is these elements that have already adopted 
some degree of standardization. For example, the 
surgical act of coronary transfer is arguably com-
plicated rather than complex. The physical trans-
fer of a patient, and the structure of a handover, 
may be complicated rather than complex. The 
system in which these complicated processes take 
place though, is complex, characterized by multi-
ple interactions and interdependencies of social 
and technological actors and components, and at 
its center, the complexity of a critically ill patient 
with a limited tolerance of physiological varia-
tions, be they the result of error or not. Safety ini-
tiatives based on the principle that this system is 
fully knowable will always come up short. 

    How Do We Measure Resilience? 

 One of the greatest challenges facing safety theo-
rists and practitioners is the struggle to demon-
strate measurable improvements in safety. The 
accident-based view of safety is appealing 
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because accidents are visible, and countable. 
A “measure” of safety based on tallies of prevent-
able adverse events will always be limited, 
 however, by the infl uences of hindsight and of 
outcome, which make the determination of pre-
ventability very subjective. The resulting num-
bers may not mean very much at all. Safety as 
resilience is even more diffi cult to measure; as 
visible as accidents are, safety often goes by 
unnoticed, a “dynamic non-event” [ 35 ]. As 
Galvan stated: “ Despite the results reported in 
this study”  (which associated negative events 
with outcome), “ positive   events existed. They 
were too numerous to record…and they were 
hard to separate from normal procedures”  [ 12 ]. 

 As Carthey states: “the only realistic goal of 
safety management is to achieve, not zero adverse 
events, but the maximum degree of intrinsic 
resistance  consistent with the organization’s rea-
son for existence ” [ 20 ]. Resilience engineering is 
a new and emerging fi eld, and robust methods by 
which to assess organizational resilience have yet 
to be developed. Until specifi c methods emerge 
from resilience engineering theory, organizations 
individuals and organizations can gauge their 
resilience, and strive for resilience, by gauging 
their characteristics and abilities to those 
described above.   

    Summary 

 Pediatric surgery is a complex, high-risk fi eld 
characterized by a highly vulnerable patient pop-
ulation, technically demanding surgery, techno-
logical and team complexity and low error 
tolerance. The role of human factors has long 
been acknowledged, and a number of studies 
have now explored the application of a linear 
accident model surgical outcomes. While instru-
mental in directing blame away from frontline 
workers and introducing the concept of blunt end 
contributions, the linear accident model is limited 
in its application to complex systems. 

 Scientifi c thinking about safety has evolved 
towards a systems view, in which outcomes, 
including safety, are emergent properties. 
Systems cannot be analysed or understood as the 

sum of individual parts, but must be considered 
as a whole. Systems analysis is essential to 
describe work as it is, rather than as it is ideally 
imagined. 

 Systems engineering seeks to minimize risk 
through systems redesign. Resilience engineer-
ing explores how individuals and organizations 
negotiate complexity to  create  safety. Both fi elds 
represent a new way of looking at safety in our 
fi eld, and have tremendous potential for future 
application.     
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     Since the 1990s, the deployment of Quality and 
Patient safety initiatives has been tremendous, 
sustained by an impressive series of policies, 
regulations, monitoring mechanisms (namely 
certifi cation and accreditation), and organiza-
tional changes imposing new standards of care. 
The identifi cation and measure of adverse events 
has been a pivotal action for all of these initia-
tives since no risk management strategy makes 
sense in the absence of knowledge on the nature 
of risks, their frequency and severity. 

 Probably the most valuable lesson that indus-
try has learned is that safety management is more 
than buying and applying a set of tools and tech-

niques: without the proper changes in culture, 
perspective, and attitude toward errors, failures 
and their causes, introducing tools with the hope 
of a “quick fi x” will largely miss the point. Safety 
must be recognised as a systems problem instead 
of “blaming and shaming” of individuals work-
ing at the sharp end. The focus of incident inves-
tigations must therefore be on the latent factors 
and not just on the immediate precursors and 
local triggers [ 1 ]. 

    Defi nitions of Harm 

 Identifying problems and measuring safety are 
more complex in healthcare than in many other 
industries. The primary reasons relate to varia-
tion in the natural history of disease and variable 
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responses to management within patient populations, 
as well as practice variability among clinicians. 
Even when the error is obvious, the severity of 
consequences often depends on the patient’s 
underlying condition. Whether all harms and 
complications should be viewed as safety-related 
events, especially when the underlying disease is 
fast-evolving and no single obvious error is evi-
denced, is subject to discussion. 

 Healthcare has adopted the defi nitions of 
adverse events (AEs), human error (HE), and 
negligence as used in industry. In addition, 
because of the evolution of disease and response 
to management, the terminology of Preventable 
Adverse Event (PAE) is used in healthcare to 
identify safety events that were not associated 
with the underlying disease.
•    Adverse events (AEs) are defi ned as harm 

caused by medical management–rather than 
by the underlying disease–which prolongs 
hospitalization, produces a disability at the 
time of discharge, or both [ 2 ]. Charles Vincent 
adds a dynamic dimension to the defi nition: 
The avoidance, prevention and amelioration 
of adverse outcomes or injuries stemming 
from the process of healthcare [ 3 ]. Preventable 
adverse events are all AEs that can be avoided 
by an appropriate error mitigation and man-
agement strategy and by avoiding negligence 
(care that fell below the standard expected of 
physicians in their community).  

•   Human errors (HEs) are defi ned as circum-
stances in which planned actions fail to 
achieve the desired outcome [ 4 ].    
 Despite the defi nition PAEs may be subject to 

varying interpretations, yet it is essential to not 
exclude complication and events for  a priori  rea-
sons without considering the preventability of 
these events.  

    The Complex Relationship Between 
Errors, Adverse Events, 
and Categories of Adverse Events 

 There are several traps in the process of risk mea-
surement, especially in healthcare. 

    Human Error and Preventable 
Adverse Events 

 Not all adverse events are preventable, nor are 
they always the result of medical errors. Not all 
medical errors lead to adverse events, and when 
medical errors do lead to adverse events, in many 
circumstances they are minor with minimal or no 
patient harm. 

 Errors are common in human behaviour. 
James Reason has stated that errors and intelli-
gence are the two sides of the same coin [ 3 ], and 
that relatively few events impact safety because 
of the capacity and resilience of humans and 
organizations to recover from errors. The error 
frequency in tightly coupled systems can be high. 
In aviation, as an example, numerous studies 
show that the minimum rate of error for profes-
sional pilots is around one per hour, whatever its 
outcome and the quality of the workplace design 
[ 5 ,  6 ]. Detection performance is the true marker 
of expertise, while error production is not. The 
rate of self-detection is very high, above 70 %, 
and is integrated in the natural cognitive resources 
that individuals have to manage. Routine errors 
are better detected than mistakes. Detection and 
recovery are sensitive to high workload, task 
interruptions, and system time management [ 7 ]. 

 This essential distinction between error pro-
duction and error recovery applies to the systems 
view in healthcare. The safest hospitals are not 
those where no HEs, AEs and complications 
occur, but those that detect and recover from 
these errors and complications.  

    Identifying Preventable 
Adverse Events 

 The identifi cation of Preventable Adverse Events 
(PAEs) relies on four different tools. 

 The fi rst tool relies on voluntary or mandatory 
reporting. Under reporting of events is common 
[ 8 ,  9 ]. Moreover, most provider-reported events 
are made by nurses or other non-physician staff 
and often relate to events considered to be nurs-
ing issues (e.g. wrong medication administered, 
patient falls or skin breakdown from inadequate 
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attention to pressure care) [ 10 ]. While reporting 
tools are necessary for enhancing a safety culture 
(engaging workers to adopt a culture of transpar-
ency), they are limited and inaccurate for captur-
ing medical adverse events. 

 The second tool relies on medical fi le analy-
sis. The most widely known method of medical 
fi le analysis is the Institute for Healthcare 
Improvement’s Global Trigger Tool (GTT). 
Trigger tools [ 11 ] are sentinel words, precursors, 
or conditions found in a relatively quick review 
of the medical record to detect the possibility of 
the occurrence of an adverse event. The presence 
of one of these conditions ‘triggers’ a more 
extensive record review by multiple reviewers, 
including a physician, to assess the cause of the 
condition. The method can be easily captured 
within an electronic patient record. The Global 
Trigger Tool found at least ten times more con-
fi rmed serious events than captured by other 
methods [ 12 ]. Trigger tools are a good and pro-
ductive method for detecting Adverse Drug 
Events (ADE), but limited as the method detects 
only what is searched. 

 The third tool relies on automatic surveillance 
of the system through patient safety indicators 
(PSIs) that have ‘reasonable face and construct 
validity, specifi city and potential for fostering 
quality improvement’. Each indicator is defi ned 
by selected ICD-9-CM diagnosis or procedure 
codes on a specifi c type of case (e.g. surgery, 
obstetrics or all inpatients) that suggests the 
occurrence of an adverse event. For example, a 
surgical patient with a secondary diagnosis of 
streptococcal septicemia (ICD-9 diagnosis code 
038.0) would be considered as having postopera-
tive sepsis (PSI 13). Many PSI indicators have 
specifi c exclusions to reduce the likelihood of 
false positive cases. With this tool, detection of 
complications can be achieved directly, whatever 
the causes (preventable or not). 

 The fourth tool relies on the detection of med-
ical complications. The method relies on internal 
and external registries or administrative data-
bases in which data of the patient journey is col-
lected systematically. The occurrence of a 
complication does not mean that it was a prevent-
able, but should feed into a systematic analysis, 

such as a Mortality-Morbidity review, to deter-
mine defi ciencies in care delivery. This is possi-
bly the most comprehensive mode in monitoring 
risk for clinicians, and it is recommended out of 
the four tools when commencing a safety review.  

    Categories of AEs 

 The perception of safety for patients needs to 
consider within the framework of two different 
categories of adverse events [ 13 ]. 

 The fi rst category of AEs relates to any sus-
pected medical complication. With the advance 
of medicine, many complications may not refl ect 
poor quality of care (non-quality AE) or prob-
lems arising from deviances to recommended 
protocols of care. Nevertheless, compliance 
with even well accepted safety recommenda-
tions remains low. For example, only 55 % of 
surgical patients receive antimicrobial prophy-
laxis and only 58 % of those at risk of venous 
thromboembolism receive the recommended 
preventive treatment [ 14 – 16 ]. It is also true that 
non- compliances does not necessarily lead to 
complications, and at times may be considered 
as an appropriate exception to quality measures 
[ 17 ] because of the variability among patients 
and the need for a case-by-case analysis. This 
category of AEs is well appreciated by medical 
professionals, such AEs are frequent enough that 
they can be benchmarked among hospitals, and 
their detection automated with GTT methods. 
For those AEs related to medical complications 
or non-quality AEs, specifi c recommendations 
can be generated to reduce their risk of occur-
rence, and it is therefore easy to measure drifts 
and trends, and change behaviors accordingly to 
improve. 

 The second category of AEs corresponds to 
unusual and often isolated problems. Examples 
include a post-operative patient stuck in an eleva-
tor, a junior physician alone on duty at the emer-
gency hospital without back up, or a surgery on a 
wrong patient. There are many “out-of-thinking” 
low frequency events that may unfortunately 
occur in the journey of patients and fall into 
this category. Such uncommon problems are 
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not possible to measure or even predict, (most 
have a frequency below 10 −4  [ 18 ], although the 
sum makes a signifi cant contribution to overall 
patient safety events (about a quarter of the over-
all AEs). Measuring the frequency of these events 
is problematic in that neither the numerator nor 
denominator of these events can be reliably 
assessed. Runciman [ 19 ] makes a strong argu-
ment for large scale reporting systems by point-
ing out that many of the rare events reported 
would not be identifi ed and would be dismissed 
as isolated incidents at a local level. 

 While this category of events is diffi cult to mea-
sure because of the low frequency, they often have 
a high impact and profi le, compared to the more 
frequent complications and non-quality AEs. Such 
events may also not be related to specifi c techni-
cal issues (as in Non Quality AE), but more so to 
organizational issues and an audit of the entire gov-
ernance structure is required, with a specifi c empha-
sis on the (poor) safety culture. It is important to 
not concentrate on local solutions alone when a 
low frequency event occurs, as the event may be 
a symptom of a global disorganization and poor 
management of the hospital that could lead to other 
unsuspected and incredible events. 

 The problem for ensuring safety is to precisely 
understand the barriers contributing to and asso-
ciated with a poor culture; organizational audits 
usually point to the weakness of the middle and 
top managers which may not be appreciated as 
clearly as local solutions for non-quality AEs. It 
is also important to acknowledge that this cate-
gory of incredible and unanticipated AEs is very 
sensitive to the growth in complexity and changes 
in systems of care provided by organisations, and 
as such may well increase rather than decrease in 
the near future.   

    Measurement of Adverse Events 

 It is important to acknowledge that safety does not 
just mean avoiding emotional and insurance- 
driven responses to AEs that have occurred during 
acute care in hospitals, and that have often drawn 
high media attention. Most national patient safety 
programmes have given high priority to these AEs 

(e.g. wrong side surgery, infections), with immedi-
ate sanctions being imposed. However, these pub-
licized AEs, also termed “never events”, relate to 
relatively few patients, and give an incorrect 
impression that prevention strategies are the only 
acceptable safety strategies for healthcare, whereas 
recovery strategies are much more adaptable and 
needed for most adverse events. 

 There is strong evidence that differences in 
mortality between hospitals is not associated 
with large differences in complication rates. 
Instead, these differences seem to be associated 
with the ability of a hospital to effectively rescue 
patients from complications [ 20 ,  21 ]. 

 It is also as important for a safe and successful 
patient journey to reengineer hospital discharge 
programs, rehabilitation care, and home care to 
decrease readmission. This priority given to 
patient’s journey is even more important in pedi-
atric cardiac surgery, since the success of any 
care is necessarily a mix of technique and social 
factors, with mid or long term rehabilitation 
phases [ 22 ,  23 ]. 

 Advances in patient safety are hampered by the 
narrow timeframe used in AE detection and analy-
sis. We recommend considering three different 
timeframes to detect and analyze AEs, and to better 
defi ne the perimeter of patient safety [ 24 ]. The 
shortest timeframe covers simple problems relating 
to the direct coupling between wrong action and the 
immediate consequence to the patient (e.g. treat-
ment to the wrong patient). A somewhat longer 
timeframe covers potential medical complications 
(that may be attributed to care or the lack of care), 
which alters the course of the disease during an 
entire acute episode of care from initial worsening 
to in-hospital admission, discharge and rehabilita-
tion. The longest timeframe covers the entire patient 
journey and the integrated consequences of avoid-
able hospital admissions, preventable morbidity and 
mortality.  

    Accidents and Near-Misses 

 A continuum or cascade of effects exists from 
apparently trivial incidents to near misses to 
actual adverse events. The identical patterns of 
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causes for failure and their relationships precede 
both adverse events and near misses. Only the 
presence or absence of recovery mechanisms 
determines the actual outcome [ 25 ]. The analysis 
of near misses is therefore crucial for drawing up 
new guidelines, building defences, and enhanc-
ing quality and safety. Reporting near-misses 
rather than AEs has many advantages: greater 
frequency, fewer barriers to data collection, 
 limited liability, and recovery patterns that can be 
captured, studied, and used for improvement. 

 However, near misses should not be confused 
with AEs. There is a ratio factor of about 1,000 
between the raw number of errors made by 
humans at work and those consequential for 
safety [ 7 ]. Most of the errors are recovered by 
different mechanisms before causing an AE, and 
may be captured by any reporting or measure-
ment mechanism. For example, consider these 
cases: rewriting some drug prescriptions every 
day because of interruptions (but fi nally without 
harming the patient); prescriptions sent to the 
nurse with a dose missing (but fi nally without 
harming the patient due to recovery process); 
doctors on duty in the operating theatre, unable to 
leave, passing information via the telephone to 
the nurses for adjusting doses and drugs in the 
wards, and confi rm only later when they can 
come and visit the patient (not a recommended 
practice); a patient recognizes that the pills given 
by the nurse were not the usual pills taken over 
preceding days. All of these stories are near 
misses, stopped at different temporal distance 
from harm. As the ‘time distance to harm’ is not 
specifi ed the inclusion/exclusion of these stories 
and near-misses varies considerably from one 
professional to another, therefore making the 
actual measurement of risk for an AE subjective 
rather than objective. 

 Many risk managers mistakenly consider the 
near-miss from ‘non-compliance with checking 
procedures’ on a par with an AE such as ‘wrong 
patient’, yet only the AE and not the near-miss 
has an immediate impact on the patient. 
Including near misses with AEs unnecessarily 
infl ates risk statistics and makes health profes-
sionals believe that the cause of an AE is the 
same thing as the AE itself. The cause of an AE 

is rarely a single factor, although there can be 
circumstances in which an incident may have 
been avoided if an isolated causal factor had not 
occurred [ 26 ]. Multiple factors and root causes 
usually contribute to a given AE and threat to 
the safety system. Each contributory factor may 
be necessary for the AE to occur, but is insuffi -
cient on its own. In addition, the context of the 
AE may contribute indirectly to the incident by 
providing the conditions in which the AE took 
place. It may thus also be possible to establish 
that certain factors are NOT signifi cant in the 
events leading to failure [ 19 ]. 

 Reporting, identifying and analysing near 
misses is useful for identifying precursors of AEs 
and working on recovery strategies. Conversely, 
because of their intrinsic unstable and interpreta-
tive nature, near misses should not be confused 
with AEs, nor lead to any calculation of their raw 
numbers for the purpose of safety measurement.  

    Are We Getting Safer? 

 After 15 years of continuous quality and safety 
efforts, whether or not there has been progress in 
patient safety is still debated [ 27 ]. 

 Well conducted adverse event studies published 
over the past decade [ 28 ,  29 ] have demonstrated 
little improvement in the frequency of events. The 
methodology used for quality and safety studies is 
important to understand, and should be consistent 
with evaluations of the rate of AEs conducted 
using cross sectional (data gathered in 1 day), pro-
spective (data gathered during hospital stay), or 
retrospective methods (review of medical records), 
but excluding methods based on voluntary or man-
datory reporting [ 30 ]. 

 On the positive side, a number of disease- 
specifi c epidemiological studies conducted over 
the last decade (such as for cancer, stroke, myo-
cardial infarction, diabetes, AIDS) show a sig-
nifi cant and continuous improvement in the 
prognosis and a lower complication rate, a longer 
life, and a greater health expectation. In part, 
these successes are related to specifi c, improved 
and standardized quality and safety efforts in 
these fi elds. 
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 There are at least three explanations for the 
intriguing data on patient safety and seeming 
lack of improvement. 

 First, the innovation rate is much higher in 
healthcare compared to the rest of industry 
(5.5 years for half-life of knowledge [ 31 ,  32 ] 
compared to 13 years in Aviation, and 17 years in 
the Nuclear industry). This higher rate of 
 innovation makes our list of errors unstable. We 
continuously change and add new protocols, 
modify recommended strategies, and alter para-
digms and management practices. At least 10 % 
of recommended practices of the mid 2000s are 
considered as errors in the early 2010s, and even 
more in a few innovative specialties like oncol-
ogy. As medicine continually advances the stan-
dard of acceptable care continually changes, and 
consequently also the standard of unacceptable 
care. The concept of what constitutes an error 
therefore moves over time, and the count of AEs 
over time therefore loses relevance. 

 Second, we have multiplied by 4 (at least) the 
number of process driven quality and safety pro-
tocols within a period of 10 years, and changed 
several times the tools for measuring AE (Manual 
chart review in the 90s, voluntary reporting in the 
early 2000, Global Trigger tools in the mid 2000, 
and now PSIs). These evolutions have moved the 
standards of acceptability (protocols), and the 
detection of many more adverse events. The more 
we generate process driven protocols and change 
guidelines, the more we automatically increase 
the visibility of noncompliance and deviance, 
and the measurement of more errors [ 16 ]. 

 Third, the desire to continuously improve the 
standards and of quality care is at the core of med-
icine. It gives the hope for improved outcomes, 
longer life expectancy and quality of life. As such, 
quality initiatives fundamentally convey a posi-
tive vision, process driven, giving priority to pre-
ventive strategies as much as possible, and 
avoidance of noncompliance with the ideal scope 
of care. On the other hand, setting the quality bar 
at maximum is demanding for healthcare work-
ers. Anytime this standard is not attained, and the 
disease not controlled, the patient may consider 
that there is a causal relationship between the 
prognosis and the noncompliance to the standard. 

For example, until a few years ago, strokes were 
regarded as untreatable. Brain cells were thought 
to die within minutes after a stroke began, so 
acute stroke treatment was believed unhelpful. 
The only onsite medical treatment was stabiliza-
tion and “wait and see.” It is now understood that 
treatment following a stroke,  especially if begun 
within 3 h of onset , can help preserve brain tissue 1 . 
Before the last decade, there were few AE occur-
ring with strokes, because the standards of quality 
were poor and limited. Nowadays, avoidable 
adverse events occur because patients cannot 
access care within the 3 h window due to organi-
zational failures of the healthcare system; never-
theless, these AEs are often considered as harm 
due to the noncompliance with new standards. 

 The measures of safety are subject to biases. 
The report of Charles Vincent and colleagues 
published by the Health Foundation on the mea-
surement of safety [ 27 ] gives a perfect view on 
the complexity and the size of challenges and 
leads to a fundamental question “Is the goal of 
healthcare intending to improve care… or to 
improve safety… or both as if the two ideas are 
similar?” 

 The ultimate level of safety observed in a 
socio-technical system is always the result of a 
systemic vision, with a four-step construction 
process [ 33 ]. 

 The fi rst step is always to identify the risks 
and establish an ideal model of defence. This is 
the classical fi eld of risk mapping, decision- 
making matrices and safety measurement, 
extended to include human reliability. This step 
leads to the defi nition of lines of defence (barri-
ers) to reduce the occurrence of the accidents that 
are of concern. The second step is to set this ideal 
model alongside the real situation. In many cir-
cumstances, operators do not use this model and 
suffer no particular penalty, at least for a period 
of time; many divergences occur for many differ-
ent reasons, and it is useful to understand these. It 
is therefore necessary to establish a feedback 
loop to adjust the ideal model. The third step is 
systemic in nature. No-one imagines that a com-
plex system can be made completely safe simply 
by relying on putting procedures and 
 recommendations in place. A further step needs 
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to be taken to strengthen the “system”, based on 
a strategy of “safe governance” of this system, 
and balancing the tradeoffs between effi ciency, 
economy, profi tability, and safety. The fourth 
step concerns the ultimate resilience of the result-
ing model.  

    Conclusion 

 In this chapter we focused on important steps 
towards patient safety, starting with defi ni-
tions of error, adverse event and negligence, 
then trying to capture what are the priorities 
and traps existing with the measurement of 
safety in healthcare, and fi nally providing 
some avenues for pragmatic improvements. 

 The measurement of safety in healthcare is 
anything but obvious. The simple action of 
identifying and measuring AEs, visible and 
accessible to all clinicians, is highly benefi -
cial. It is important to avoid being more or less 
blinded by complicated calculations that 
detract from the larger picture. Clinicians are 
busy, time- constrained and care-focused, 
often with minimal time or opportunities to 
engage and attend meetings and debriefi ngs 
using complex methodologies for the purpose 
of populating and analyzing incident/accident 
date bases. This certainly does not mean clini-
cians are ignorant of, or unconcerned with, the 
prevention of harm, but pragmatic solutions, 
easy-to-learn, easy-to-do, with clear benefi t to 
alter practices are required.     
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     The heart center model (or the pediatric cardiac 
care center) that centralizes the leadership and 
administrative structure of the pediatric cardiol-
ogy and cardiac surgery programs has been suc-
cessful in several institutions. This model 
combines the disciplines of pediatric cardiology, 
interventional cardiology, cardiac critical care, 

cardiothoracic surgery, and cardiac anesthesia, in 
addition to nursing and support personnel, under 
a single organizational and leadership umbrella. 
The goal of this centralization is to improve the 
effi ciency and quality of care for the complex 
population of children with heart disease. Central 
to the success and maintenance of a heart center 
is effective communication across all disciplines 
throughout the duration of treatment. 

 Multidisciplinary case conferences are an 
essential part of caring for pediatric cardiac 
patients. These conferences should present 
all relevant clinical data, including a detailed 
patient history, non-invasive imaging, exer-
cise stress tests, electrophysiology procedures, 

        B.  F.   Joy ,  MD      (*) •    T.  F.   Feltes ,  MD      
  Department of Pediatrics ,  Nationwide 
Children’s Hospital, The Ohio State University , 
  Second Floor Tower T2278 700 Children’s Drive , 
 Columbus ,  OH   43205 ,  USA   
 e-mail: brian.joy@nationwidechildrens.org; 
timothy.feltes@nationwidechildrens.org  

  28      The Role of Communication 
and Patient Handovers 
in Pediatric Cardiac Care Centers 

           Brian     F.     Joy       and     Timothy     F.     Feltes     

    Abstract  

  Optimal care of patients with complex congenital heart disease requires mul-
tidisciplinary collaboration and clear communication amongst team mem-
bers on all levels and between all disciplines. Multidisciplinary case 
conferences, daily rounding communication, and the cardiac care center 
leadership structure are all opportunities to maintain communication. 
Accurate and effi cient handovers are also essential to preserving this com-
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 cardiac  catheterizations, and surgical proce-
dures. They are a formal venue in which to 
review and discuss the anticipated and ongoing 
medical and surgical management of patients. 
All members of the cardiac care team are 
expected to attend, and the conferences are 
scheduled regularly and at least weekly. 

    Handovers in the Pediatric 
Cardiac Care Center 

 Many handovers take place in caring for patients 
with congenital heart disease. Some of the main 
handovers are: within each discipline (nurse to nurse, 
physician to physician) at change of shift or transi-
tion of service responsibilities; multidisciplinary 
handovers, such as the transition from the operating 
room to the cardiac intensive care unit (CICU); and 
the discharge handover from the nursing unit to the 
parents and outpatient care providers after hospital-
ization. In pediatric cardiology, several studies have 
investigated the multidisciplinary postoperative 
handoff [ 1 – 6 ], fewer studies have looked at the dis-
charge of patients [ 7 – 9 ], and even fewer studies have 
evaluated the shift-to-shift handover [ 10 ].  

    The Handover from the Operating 
Room to Cardiac Intensive Care 

 The handover from the operating room to the 
CICU after cardiac surgery is one of the most 
complex and crucial handovers in pediatrics. 
This handover involves the transfer of equipment 
and technology, the verbal handover of a detailed 
patient history and surgical information, and the 
transfer of responsibility for the care of the 
patient. All these transfers occur during a time of 
substantial hemodynamic and physiologic vul-
nerability for the patient [ 11 ]. 

 Several studies have attempted to standardize 
and improve this handover, and many of tech-
niques and strategies have been taken from high 
reliability organizations. These organizations 
function in a hazardous environment and have a 
commitment to resilience and excellence, as well 
as a preoccupation with failure that allows for 

reducing and mitigating errors to maintain safety 
[ 12 ]. Examples of high reliability organizations 
are found in the aviation industry, car racing, 
nuclear power plants, and NASA. Handover 
strategies used by these organizations include a 
face-to-face verbal update with interactive ques-
tioning, limiting interruptions, clear delineation 
of handover responsibilities, discussion of the 
outgoing team’s stance toward changes to plans, 
and an unambiguous transfer of responsibility 
and delay of such transfer when the status of the 
process becomes a concern [ 13 ,  14 ]. 

 A standardized protocol for the operating-
room- to-CICU handover can improve teamwork 
[ 1 ,  3 ], reduce technical errors [ 1 ,  3 ], reduce infor-
mation omissions [ 1 – 4 ], and reduce interruptions 
during the verbal handover [ 2 ,  3 ]. Given the vari-
ability among hospitals, a handover protocol 
should be tailored and adjusted to fi t the particu-
lar hospital and unit of its intended use. A multi-
disciplinary team of key stakeholders should 
create the protocol to promote buy-in and owner-
ship. Before widespread implementation, the 
protocol should be tested and revised with several 
plan-do-study-act (PDSA) cycles. 

 The operating-room-to-CICU handover can 
be divided into four parts: the pre-handover prep-
aration, the physical transfer of the patient’s 
equipment and technology, the verbal handover 
of patient information, and the transfer of respon-
sibility for the care of the patient. 

 Preparations to be completed by CICU pro-
viders before the patient arrives in the CICU 
include setting up all monitors and equipment, 
obtaining the necessary intravenous fl uids or 
medications, and reviewing the patient’s history. 
The operative team updates the CICU team on 
the surgical progress and alerts the CICU provid-
ers so they are ready when the patient arrives. 

 When the patient arrives in the CICU, the indi-
vidual in charge of coordinating the handover 
leads and interacts with the team, as would a code 
team leader. The urgent tasks required for the 
physical transfer of the patient and equipment are 
completed before the verbal information is trans-
ferred. The time that the patient is unmonitored 
and off the ventilator should be minimized during 
this part of the handover. 
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 The verbal handover proceeds after the physi-
cal transfer of the patient and once all relevant 
members of the surgical and receiving teams are 
ready. The participants of the information hando-
ver, at a minimum, should include the anesthesi-
ologist, operating room nurse, perfusionist, cardiac 
surgeon, bedside nurse, and CICU physician. Only 
one care provider speaks at a time, and interrup-
tions, disruptions, and distractions should be 
 minimized. Throughout the handover, a “sterile 
cockpit” environment should be maintained. This 
term, adapted from the aviation industry, means 
that during critical periods (take-off and landing in 
aviation or handovers and code situations in 
healthcare) only patient-specifi c conversations 
should occur. 

 A structured handover template (a form or 
reference card) can guide communication and 
ensure that all information is transferred. Their 

use is strongly encouraged, particularly in the 
learning phase of handovers but it should be 
pointed out that they are not universally in use 
(Fig.  28.1 ). If used it should be stressed that 
making an effort to measure compliance with 
completion is advocated. The verbal hando-
ver consists of detailed information about the 
patient’s history and condition, anesthetic 
course and complications, surgical course and 
complications, current condition, predicted 
patient trajectory, and care plan. Questions, 
clarifi cations, and concerns can be voiced after 
the information handover. The completion of 
the handover is confi rmed when the receiving 
team accepts responsibility for the care of the 
patient with a formal statement such as “The 
CICU team has received a handover from the 
OR team.” as a means to document (and mea-
sure) handover compliance.

  Fig. 28.1    Handover template for the operating-room-to-cardiac critical care unit handover       
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       Discharge Handover 

 The discharge handover is also critical, particu-
larly in the care of neonates with complex con-
genital heart disease. The National Pediatric 
Cardiology Quality Improvement Collaborative 
(NPC-QIC) evaluated the handover that takes 
place after the Norwood operation between the 
discharging institution and the outpatient cardi-
ologist and primary care provider. A complete 
handover was defi ned as providing the outpatient 
providers a written list of medications, a nutrition 
plan, and a list of “red fl ag” events. The NPC- 
QIC study found that only 45 % of outpatient car-
diologists and 26 % of primary care providers 
received all three components of the complete 
handover [ 8 ]. 

 The handover from the nursing unit to the par-
ents and primary caregivers is another important 
component of the discharge process. The parents 
and caregivers need to learn how to assume the 
medical care of their child, including administer-
ing, for example, multiple medications, complex 
high-calorie formula feeding regimens, gas-
tric and nasogastric tube feedings, and oxygen. 
Rooming-in before discharge is one strategy used 
by many centers to facilitate this handover for 
complex neonates, especially shunt-dependent 
and single-ventricle neonates. Parents stay over-
night in the hospital for 24 h before their child is 
discharged. During this time, they are responsible 
for performing all of the care and therapies, as 
well as administering all medications themselves. 

 Home monitoring programs for high-risk and 
interstage single-ventricle patients are becoming 
more common, especially after the Children’s 
Hospital of Wisconsin (Milwaukee, WI) heart 
center group reported a decrease in the inter-
stage mortality rate after implementing a home 
monitoring program [ 7 ]. These programs consist 
of several components. Patients need to meet 
certain minimum nutritional and weight require-
ments before discharge. Parents are trained 
before discharge to monitor daily oxygen satu-
rations, patient weight, and volume of enteral 
intake. They are educated on breeches, such as 
decreased saturations, poor weight gain, or “red 
fl ag” events that require notifying the monitoring 

team. The team communicates regularly with the 
family by phone, and all breeches must be evalu-
ated by a member of the team. More recently, the 
Milwaukee group has reported that their home 
monitoring program has resulted in normal infant 
weight gain in their interstage single-ventricle 
patients [ 15 ]. 

 Videoconferencing with parents after dis-
charge decreases parental anxiety more than do 
phone calls alone [ 16 ]. Clinicians participating in 
the videoconference report feeling more confi -
dent in making medical decisions than they do 
after telephone conferencing [ 17 ].  

    Daily Rounding Communication 

 Communication during daily rounds is crucial for 
maintaining quality of care. Daily rounds involve 
a multidisciplinary team, are performed at the 
patient’s bedside, and involve the patient’s fam-
ily, if possible. The optimal make-up of the mul-
tidisciplinary team includes the bedside nurse, 
CICU physician, possibly a cardiology consult 
physician, pharmacist, dietician, respiratory ther-
apist, patient’s family, and front-line providers 
(fellows, residents, advance practice nurses, 
medical students). 

 Daily goal sheets are increasingly being used 
in the CICU (Fig.  28.2 ). The daily goals sheet 
outlines the tasks to be completed and the care 
plan for the day. Daily goal sheets have improved 
physician-nurse communication in pediatric 
intensive care units and increased the team’s 
agreement on daily goals [ 18 ,  19 ]. In adult inten-
sive care units, daily goals sheet have reduced 
ICU length of stay [ 20 ,  21 ]. Modifi cations to the 
goal sheet can target areas of team weakness, 
such as the need to ask, “if the parents wish to 
join rounds,” or “has the referring physician been 
updated?” Goal sheets should also require “read 
backs” on new medications or modifi cations to 
medications that include dose, route of adminis-
tration, and frequency of administration.

   Additional strategies to improve the quality of 
care and reduce errors during daily rounds 
include limiting interruptions during patient pre-
sentations, keeping all members of the team on 
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task, and providing ordered read back of infor-
mation before moving onto the next patient. 
Nurse presentations on daily rounds increase the 
bedside nurse’s engagement on rounds and 
improve family and staff satisfaction [ 22 ,  23 ]. 
For example, the bedside nurse presents a brief 
patient history, notable events over the previous 
24 h, current patient status, fl uid balance, vital 
sign trends, review of systems, and recent labora-
tory and radiologic exam results. The assessment 
and plan can then be completed by a front-line 
provider on the CICU team.  

    Summary 

 The increasing complexity of congenital heart 
disease patients and the expanding teams required 
to care for these patients requires effective 

 communication on all levels. This chapter 
focused on two of the most complex and chal-
lenging handovers (from the OR to the CICU and 
from the nursing unit to hospital discharge) along 
with strategies to improve daily rounds. These 
examples highlight the importance of multidisci-
plinary collaboration and the value of structured 
protocols and handover templates. These tools 
and techniques can be used to improve communi-
cation and handover in all aspects of the care of 
patients with congenital heart disease.     
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     A signifi cant factor in the advancement of out-
comes among critically ill children with cardiac 
disease is the explosion of medical devices and 
technology in the intensive care unit (ICU). 
Arguably many of the children alive today would 
not be without these life-sustaining tools. 
However, all of these tools have the potential for 
harm as well as benefi t. Further, each of these 
tools comes with an economic cost that may or 
may not be justifi ed. Thus any consideration of 
the role of these devices and technologies in 
enhancing outcomes of pediatric cardiac critical 
care (PCCC) must be made from a broad per-
spective. With this context in mind, this chapter 
fi rst frames tools and technologies in the context 
of systems. Then categories of tools and technol-
ogy are explored in more depth. 
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    Abstract  

  Medical technologies of all types are ubiquitous in pediatric cardiac criti-
cal care. Despite the widespread use of technology in the PICU there is a 
paucity of evidence directly linking these technologies to improved out-
comes. This chapter fi rst places technology in the larger context of health-
care systems. It further explores the evidence for technologies ranging 
from electrocardiograms to mechanical support and electronic health 
records. Additional attention is given to special topics of the impact of 
alarms and alerts, as well as the role of technology in human cognition.  
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    Systems, Tools, and Outcomes 

 Medical devices and technologies are merely 
tools to be used for any number of purposes. Just 
as it is short sighted, if not dangerous, to view the 
function of a patient’s heart without an under-
standing of its interactions with other organs, so 
it is a mistake to view these tools without placing 
them in the context of a system. For the purpose 
of illustration, we will consider one model of sys-
tems thinking. The Systems Engineering 
Initiative for Patient Safety [ 1 ] model states that, 
 people  use  tools  to perform  tasks  in a specifi c 
 environment  within the context of an  organiza-
tion  (Fig.  29.1 ). Safety (or harm) is an emergent 
property of the interactions of these fi ve systems 
elements. People include providers (surgeons, 
intensivists, nurses, etc.). Tools range from a 
marker pen and a white board to an electronic 
health record (EHR). Tasks may include gather-
ing data for rounds or placing a patient on extra-
corporeal membrane oxygenation (ECMO). 
Environments range from a cardiology clinic to 
the operating room (OR) to the ICU. Finally, 
organizations include the rules, fi nancial deci-
sions, staffi ng, and culture.

   There are two important implications of this 
model. First, safe or unsafe outcomes are an 
emergent property resulting from the interaction 
of these fi ve elements. However, none of the ele-
ments alone can guarantee good outcomes. 
Second, changes to any of the elements affect all 
the other elements  and the ultimate outcomes.  
For instance, a team may be adept at emergently 
cannulating a patient with low cardiac output 

with good outcomes. However, simply changing 
the environment from the ICU to the parking 
structure will have dramatic infl uence on the out-
comes, regardless of keeping the other elements 
the same. Similarly, a team that is skilled at per-
forming emergent cardiac bypass on adults is not 
necessarily qualifi ed to perform a palliative pro-
cedure on a child with hypoplastic left heart syn-
drome. Thus, whether any tool used to enhance 
PCCC outcomes is benefi cial or not is contingent 
on the how well the tool fi ts in the larger system. 
As with another common tool, your mileage may 
vary. With this in mind, the following sections 
illustrate several categories of tools and technolo-
gies: monitoring, mechanical assist devices and 
medication and care delivery.  

    Monitoring Technologies and Tools 

 Arguably, the perioperative and postoperative 
care of children with cardiac disease has been 
enhanced through the development of both inva-
sive and non-invasive monitoring tools. However, 
like any tool, monitoring can be used correctly 
or incorrectly. And, applying the Systems 
Engineering Initiative for Patient Safety (SEIPS) 
model, a monitoring tool without the skilled peo-
ple to interpret the data and an environment con-
ducive to using the tool is essentially useless or 
may even create a false sense of security thus 
increasing risk to patients. Further, as the “peo-
ple” component of the SEIPS model includes 
patients, safe and effective use of monitoring 
technologies requires that appropriate alarm 
ranges and “normal” values be used. This require-
ment creates a major challenge for the pediatric 
cardiac population. The range of normal heart 
rates differs widely based on age range and the 
presence or absence of dysthymias. Similarly, 
normal values of oxygenation depend signifi -
cantly on whether a patient has pathophysiology 
that leads to mixing of deoxygenated blood or 
not. Thus “one size fi ts all” is a potentially dan-
gerous approach to the use of monitors that can 
produce false alarms (and thus desensitization to 
alerts) as well as failure to detect true hazards. 

Environment

People

Tasks

Safety
(Harm)

Organization

Tool &
technology

  Fig. 29.1    SEIPS Model of Systems in Healthcare: safety 
and harm are emergent properties of systems (Redrawn 
with permission from Carayon Qual Saf Health Care 
2006)       
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 The  clinical electrocardiogram  (ECG) is con-
sidered one of the most valuable and widely used 
diagnostic tools in modern medicine and is consid-
ered the standard of care in the postoperative pedi-
atric cardiac critical care population [ 2 ,  3 ]. 
Guidelines have been published for ECG monitor-
ing in both adults and children by the American 
Heart Association, which states that all children 
after cardiac surgery have an indication for ECG 
monitoring, given they can be prone to arrthyth-
mias, ischemia, conduction defects, and low car-
diac output [ 3 ,  4 ]. Common pediatric postoperative 
arrhythmias following surgical repair include 
atrial fl utter, junctional ectopic tachycardia, and 
ventricular tachycardia, all of which can be diag-
nosed with ECG monitoring and if diagnosed and 
treated early, can minimize adverse outcomes [ 5 ]. 
There have been numerous adult clinical trials 
demonstrating that an aggressive approach to 
treatment of myocardial ischemia, evidenced by 
ST elevation, improves patient outcomes by 
decreasing incidence of infarction and cardiac 
arrest [ 5 ]. This fi nding has not been clearly dem-
onstrated in the pediatric studies, but similar 
assumptions can be extrapolated. Despite several 
advantages and benefi ts of ECG monitoring, it 
isn’t without its downsides. Human oversight is 
essential for interpretation of the data to fi lter out 
erroneous alarms, which can be frequent and dis-
tracting. Cardiac monitor algorithms are purposely 
designed to have a high sensitivity for the value 
being measured, but at the expense of specifi city, 
thus leading to numerous false alarms [ 5 ]. It is 
essential that well- trained individuals interpret the 
data prior to initiating any interventions to avoid 
overtreatment, particularly when that treatment is 
invasive with associated risks. Waveform artifact 
can contribute to false alarms, which can arise 
from muscle activity such as shivering, seizures, or 
fasiculations, thus leading to inaccurate heart rate 
displays [ 3 ]. Though there are no pediatric studies 
evaluating the frequency of false readings, it could 
lead to inaccurate interpretations of patient condi-
tion and possibly unnecessary or missed interven-
tions. A potential risk associated with ECG 
monitoring is sustaining burns at the electrode 
sites, which have been reported in adult studies, 
one such situation resulted in second to third 

degree burns for a patient who underwent mag-
netic resonance imaging (MRI) with supposedly 
“MRI-safe” ECG leads in place [ 6 ]. There is also 
potential for skin breakdown at the lead placement 
sites, thus necessitating routine changes by the 
nursing staff, and could lead to venues for infec-
tion if breakdown occurs [ 2 ]. Finally, there are 
reports of electrocution when the leads are inad-
vertently connected to line power (120 volts alter-
nating current) [ 7 ]. While none of the real or 
potential harm from ECG monitoring would jus-
tify abandoning wide scale monitoring of cardiac 
(and even non cardiac) patients, this technology 
nicely illustrates the importance of understanding 
both benefi ts and risks of tools in healthcare. 

  Invasive hemodynamic monitoring  encom-
passes intraarterial lines, central venous lines, 
pulmonary artery catheters and intra-cardiac 
lines. When used to measure pressures as an indi-
cation of volume status or cardiac function, these 
intravascular catheters are attached to a trans-
ducer, which converts the pressure waves 
obtained by the catheter into electrical signals to 
be analyzed and converted to value, e.g., central 
venous pressure (CVP), or left atrial pressure 
(LAP). The potential value of these tools comes 
from providing real time data on fi lling pressures 
which may assist in monitoring and decision 
making of a patient’s status. Theoretically, a 
range of clinical conditions that manifest through 
changes in intravascular pressures could be 
detected early allowing timely intervention. 

 However, like ECG monitoring, invasive 
hemodynamic monitoring requires providers who 
can interpret the data provided by the monitor and 
place this information in the larger context of the 
patient condition. A high CVP associated with 
high PCO 2  in an agitated and hypoxic patient with 
known pulmonary hypertension requires different 
interventions than a patient with high CVP and 
signs of low cardiac output due to a disconnect in 
a epinephrine infusion. When multiple pieces of 
information are available, providers may be faced 
with selecting which data to include or discard in 
their decision- making. This, coupled with theo-
retic limits of information processing [ 8 ,  9 ] may 
result in incorrect interpretations of large numbers 
of variables. 
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 Beyond the issues of misinterpretation of mon-
itoring data, invasive lines, whether venous or 
arterial, have been associated with a range of 
other complications including ischemia distal to 
insertion site, vascular trauma, arterial and venous 
thrombosis, thromboembolism, pneumothorax, 
hemothorax, dysrhythmias, bleeding and local 
and blood stream infections [ 10 ,  11 ]. Applying a 
concept of hazard reduction, while multiple steps 
can be taken to try and minimize these complica-
tions, the most effective  interventions to improve 
outcomes include never placing lines unless truly 
indicated, and then removing the line as soon as 
no longer needed. 

  Capnography  involves measuring carbon 
dioxide concentration. End tidal and transcutane-
ous carbon dioxide (CO 2 ) can be measured epi-
sodically or continuously, the latter graphically 
displayed over time. The use of capnography is 
well accepted in the context of delivering anes-
thetics, and can aid in assessing alveolar ventila-
tion, confi rmation of endotracheal tube placement 
and determining the effectiveness of cardiopul-
monary resuscitation [ 4 ]. Further, the slope of the 
displayed waveform can provide information 
about airway resistance. At the same time, con-
cerns have been expressed about the added dead 
space an inline sensor can add. Despite this, 
numerous societies have stated support for use of 
capnography on mechanically ventilated patients 
[ 12 ,  13 ]. Though there may not be randomized 
controlled trials proving the value of capnogra-
phy, these authors agree with publications calling 
for the routine use of capnography in ICUs bar-
ring a contraindication [ 4 ,  14 ]. 

  Pulse oximetry  has been used widely in ICUs 
for decades despite the lack of robust clinical trial. 
Clinical experience has demonstrated this tech-
nology has important component of assuring safe 
care, leading to expert consensus advocating the 
routine use of pulse oximetry in ICU settings [ 4 ]. 

 A more controversial tool is that of  near- 
infrared spectroscopy  (NIRS) monitoring 
devices for non-invasive continuous regional tis-
sue oxygenation (rSO 2 ) monitoring at the bed 
side. NIRS devices utilize the principle that oxy-
genated hemoglobin and deoxygenated hemoglo-
bin molecules have different absorption of light at 

different wavelengths. The calculated absorption 
of near-infrared light by hemoglobin molecule in 
tissues refl ects the oxygenation of venous weighed 
capillary blood in NIRS monitoring. Unlike pulse 
oximetry, NIRS devices do not analyze for an 
arterial pulsatile signal, but for the average or 
nonpulsatile optical component, which is highly 
related to capillary–venous hemoglobin satura-
tion [ 15 ]. This venous- weighted measurement 
provides an estimation of the regional oxygen 
supply– demand relationship. 

 Cerebral NIRS monitoring is most commonly 
used in intraoperative monitoring of infants and 
children who undergo congenital cardiac surgery. 
Interventions based on intraoperative neurophys-
iologic monitoring including cerebral NIRS 
appear to decrease the incidence of postoperative 
neurologic sequelae and reduce the length of stay 
[ 16 ]. In a series of 79 infants who underwent 
stage 1 palliation, somatic NIRS measurements 
less than 60 %, and a progressive somatic isch-
emia indicated by a somatic– cerebral NIRS 
value difference approaching zero predicted bio-
chemical shock, complications, and longer inten-
sive care unit length of stay [ 17 ]. 

 Concerns about this technology include cost, 
accuracy and thus utility in an ICU setting [ 18 ]. 
Additionally, it is unclear what threshold or level 
of reading translates into harm to organs [ 15 ]. 
Despite these concerns, a 2011 evaluation made a 
recommendation for selected use of NIRS based 
on Class II, level B evidence [ 15 ]. 

 The  bispectral index  (with the dyslexic acro-
nym BIS)  monitor  is a processed electroenceph-
alographic parameter that integrates time domain, 
frequency domain, and higher-order spectral 
analysis of electroencephalogram (EEG) signals 
(obtained from two electrodes placed over the 
frontal cortex), which creates a univariate 
descriptor of the patient’s level of sedation, repre-
sented as a numerical value from zero (isoelec-
tric) to 100 (awake with eyes open) [ 19 ,  20 ]. The 
BIS monitor was initially developed with data 
from the adult population, but now has wide-
spread use intraoperatively in the pediatric popu-
lation with a goal to assess conscious level and 
avoid prolonged periods of cerebral hypoperfu-
sion during the procedure [ 20 ]. More recently, 
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the BIS monitor has been utilized in other venues 
in pediatrics including the emergency room as 
well as the intensive care unit (ICU) to more 
objectively titrate sedation to desired effect prior 
to encountering any adverse sequelae from the 
medications. A BIS index of less than 40 denotes 
a deep hypnotic state; 40–60 is general anesthe-
sia, which has been verifi ed in several intraopera-
tive studies; and 70–90 is light to moderate 
sedation [ 19 ,  21 ]. There is some debate amongst 
intensivists whether or not this modality of moni-
toring aids in sedation management decisions for 
critically ill children given it has some inherent 
limitations and costs. 

 The notion that BIS monitoring can improve 
patient outcomes, decrease medication costs, and 
reduce the incidence of withdrawal is enticing, 
though this has not been clearly demonstrated in 
literature. BIS monitoring provides a way to objec-
tively assess a patient’s sedation level in the face of 
altered heart rate, blood pressure, and physical 
examination to avoid possible over- or under-seda-
tion, which may be associated with increased mor-
bidity and costs [ 22 ]. There have been a limited 
amount of studies evaluating BIS monitoring in the 
pediatric ICU, which had similar results emphasiz-
ing that BIS scores can be an adjunct to already 
established methods of assessing level of sedation, 
but may be benefi cial when physiologic parameters 
are altered by other medications (sedation, inotro-
pes) or with neuromuscular blockade [ 20 ,  22 ]. 

 There are some limitations to BIS monitoring 
which need to be considered to justify its use. 
Erroneous measurements have been widely 
reported, particularly with facial movements and 
eternal stimuli, which can be diffi cult to control 
at times in a busy and noisy ICU [ 21 ]. In a pedi-
atric ICU case series, the sedation agent chosen 
impacted the utility of the BIS scores showing 
that patients receiving certain sedating medica-
tions showed a less accurate correlation with BIS 
scores to sedation scores [ 20 ]. Another question 
is whether or not BIS monitoring is sensitive 
enough to differentiate between the different lev-
els of sedation, which would be it’s main utility 
in the pediatric intensive care environment. In a 
pediatric prospective study, BIS scores reliably 
differentiated between inadequate and adequate 

sedation, but was relatively insensitive for differ-
entiating between adequate and over-sedation 
[ 22 ]. It should also be noted that BIS monitoring 
was developed using adult EEG data and was not 
designed to incorporate the developmental 
changes of the pediatric EEG. There have been 
no documented injuries associated with BIS 
monitoring, but given the electrodes in place for 
potentially prolonged periods of time, the risk for 
skin breakdown must always be a concern for the 
provider. The are a limited amount of cost-benefi t 
analyses of BIS monitoring in cardiac and non-
cardiac surgical patients, which fi nd the costs of 
the technology trivial when weighed against the 
potential benefi ts of more precise sedation, 
shorter intubation times, and less hemodynamic 
sequelae as a results of over-sedation [ 23 ]. 

 Studies incorporating the use of BIS monitor-
ing for critically ill children are promising given 
the possibility of improving patient outcomes, 
reducing costs, and being able to objectively 
titrate sedation, though further evaluation is 
needed to justify its use in the ICU environment.  

    Mechanical Support Technologies 

 Mechanical circulatory support, the mainstay 
being  extracorporeal membrane oxygenation  
(ECMO) and the  ventricular assist device  (VAD), 
may be used in children as a bridge to recovery or 
a bridge to cardiac transplantation [ 24 ]. 

 ECMO has been demonstrated to improve 
outcomes in select pediatric populations (acute 
respiratory failure, neonatal respiratory failure) 
though data on ECMO in the post operative car-
diac population shows survival ranging from 33 
to 64 % [ 25 ,  26 ]. A study of neurologic outcomes 
in a mixed pediatric population who underwent 
extracorporeal membrane oxygenation during 
cardiopulmonary resuscitation (E-CPR) showed 
favorable outcome in 95 % of patients [ 27 ]. 
Mahle et al. 2005 analysis of cost-utility of sal-
vage ECMO in 32 children (84 % of whom had 
cardiac disease) demonstrated justifi able cost- 
utility [ 28 ]. Of note, of the technologies dis-
cussed so far in this chapter, ECMO is the one 
with such an analysis. 
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 However, ECMO is not free of risk. 
Complications include bleeding, thromboem-
bolic events including strokes, infection, and 
death [ 29 – 32 ]. While some of these complica-
tions are beyond the control of providers, when 
ECMO is considered from the standpoint of sys-
tems thinking, many of these risks are potentially 
manageable. Because of the interdisciplinary 
nature of ECMO (involving surgeons, intensiv-
ists, nurses, perfusionists, anesthesiologists, 
pharmacists and more), effective team perfor-
mance is imperative [ 33 ]. Not surprisingly, safety 
tools such as failure modes and effects analysis 
(FMEA) have been successfully applied to the 
domain of ECMO with a reduction in risk [ 34 ]. 
Such applications may be appropriate for the 
other technologies considered. 

 VADs have been widely used in the adult pop-
ulation for years with very good outcomes, but the 
use of these devices in children has historically 
been limited, though the use has expanded in 
recent years, particularly in the congenital heart 
disease population. There are two main types of 
VADs used in children: centrifugal pump (the 
Bio-Pump) and pulsatile (Heartmate, Thoratec, 
Berlin Heart, ABIOMED BVS 5000, and MEDOS 
HIA). Indications for placement of a VAD are 
similar to that of ECMO including failure to sepa-
rate from cardiopulmonary bypass (CPB) follow-
ing surgical repair, or right, left, or biventricular 
failure, but the patient but still be able to ade-
quately maintain oxygenation through their lungs 
[ 35 ]. There are pediatric studies reporting good 
outcomes with the use of VADs, particularly as a 
bridge to transplant. A study of the Pediatric Heart 
Transplant Study database found a survival to 
transplantation rate of 77 % using VADs from 
1993 to 2003 with even better survival in the later 
years from 2000 to 2003 of 86 % [ 24 ]. But it is 
important to note that the success rate with VAD 
usage is signifi cantly lower in patients with con-
genital heart disease and in the smaller, younger 
patients, which is where they are often utilized 
[ 24 ]. And there are numerous inherent risks and 
adverse outcomes associated with VADs in addi-
tion to their associated costs that must be consid-
ered when determining how benefi cial they are to 
the pediatric cardiac surgical population. 

 There are limited studies with VAD use in pedi-
atrics, but some have reported excellent outcomes 
of their use both with postoperative recovery or as 
a bridge to transplant [ 36 ]. There are studies with 
Thoratec usage in children, some reporting nearly 
70 % survival to hospital discharge, though the 
best outcomes were seen with patients diagnosed 
with cardiomyopathy or myocarditis with only 
minimal survival and signifi cant neurologic com-
plications in patients with congential heart disease 
[ 37 ,  38 ]. The Berlin Heart VAD system is widely 
used and comes in fi ve sizes as is suitable for 
patients of all ages ranging from neonates (>2.5 kg) 
to adolescents [ 24 ]. Survival to discharge with the 
Berlin Heart has been better in the older pediatric 
patients aged 6–16 years with a 52 % survival rate 
[ 35 ]. There are few long-term follow-up studies of 
children supported with VADs, but one was done 
at Children’s Hospital of Boston over a decade, 
which reported that 37 children supported with 
mechanical circulatory support (11 of them with 
VADs), the overall survival rate was 95 % with one 
reported death [ 39 ]. Of these survivors, they 
reported 80 % of them were in good to excellent 
health with 90 % having normal ventricular func-
tion on echocardiogram at follow up years later 
[ 39 ]. A major advantage of utilizing a VAD versus 
ECMO for a pediatric patient is the lower rates of 
neurologic complications associated with VADs, 
likely due to the decreased anticoagulation need 
for this modality of support resulting in fewer 
intracranial hemorrhages. However, often times 
ECMO is indicated over VADs due to the degree 
of complexity of illness in the child and if they 
need respiratory support as well as cardiac support 
due to pulmonary hypertension or hypoxemia. 

 In addition to sharing many of the same risks 
associated with ECMO, there are some reported 
adverse outcomes with the usage of VADs in the 
literature. Left ventricular assist devices (LVADs) 
may contribute to right ventricular failure, and 
thereby signifi cant morbidity and mortality for 
pediatric patients [ 40 ]. It has been speculated that 
the acute unloading of the left ventricle after 
placement of an LVAD leads to shifting shift of 
the ventricular septum, thus altering the right 
ventricle shape and size, which inturn alters its 
contractility [ 41 ]. Alternatively, intrinsic right 
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ventricular impairment may be more evident 
once an LVAD is placed and there is an increase 
in the right heart preload [ 42 ]. Regardless of the 
etiology for the predisposition to right heart 
 failure following LVAD placement, it is evident 
how important it is to identify risk factors in 
selecting patients for the appropriate VAD type, 
whether it be single ventricle or biventricular 
support. Placement of biventricular support 
(BiVAD) in patients at high risk for developing 
right heart failure, as opposed to waiting for it to 
occur after LVAD placement, may lead to better 
patient outcomes [ 43 ]. In this circumstance, the 
RFAV maintain prelad to the LVAD and therefore 
preserved systemic perfusion [ 41 ]. There are also 
confl icting studies which report improved right 
ventricle function following LVAD placement, 
which may occur as a result of decreased right 
heart afterload leading to better preload for the 
LVAD and the right ventricular workload [ 40 ]. 

 Another major adverse outcome reported with 
VAD implantation is the development of antibod-
ies, which has been widely reported in adult lit-
erature but with some reports in the pediatric 
cardiac population as well. A review of pediatric 
literature shows that sensitization seems most 
pronounced following implantation of the 
Heartmate I and Thoratec VADs, though it has 
been reported with other devices as well [ 44 ,  45 ]. 
Some studies have proposed that VADs can 
induce B-cell hyperreactivity due to the textured 
internal surface of the VAD (which is porcine tis-
sue), thus producing HLA antibodies [ 45 ]. There 
have been confl icting reports as to whether or not 
the development of antibodies has adverse out-
comes in the pediatric cardiac surgical popula-
tion. One study showed that sensitized pediatric 
cardiac transplant candidates had longer waiting 
times and an increased likelihood of death await-
ing transplantation, while other studies showed 
that sensitization had no effects on survival pre or 
post-transplantation [ 44 ,  46 ]. 

 Mechanical circulatory support will continue 
to play an increasing role in the pediatric cardiac 
population with the advances in congenital heart 
surgery and management of heart failure or 
bridge to transplantation. ECMO will continue to 
play an acute recovery role, but the use of VADs 

is likely to increase for longer-term support with 
less sequelae compared to ECMO. With the 
increasing adolescent single-ventricle population 
who may well require cardiac transplantation, 
VADs can be used as a bridge to transplant, or in 
some cases as destination therapy. Further 
research is needed regarding cost benefi t analysis 
of this modality of circulatory support in the 
pediatric population.  

    Medication and Care Delivery 
Technologies and Tools 

 A fi nal group of tools used extensively in the aim 
of improving the outcomes of the pediatric car-
diac patient population include computer pro-
vider order entry (CPOE), EHR, bar coding 
medication administration (BCMA) and “smart” 
infusion pumps. An exhaustive discussion of 
each of these tools merits chapters or books of 
their own. Thus, this section provides an over-
view of the tools while noting some provocative 
comparisons. CPOE (with or without clinical 
decision support (CDS)) is intended to aid in 
assuring safe prescribing of medications by elim-
inating illegible handwriting and human calcula-
tions while potentially guiding optimal decisions 
on choice of medication and dose [ 47 ]. EHR 
refers to any of a range of tools including com-
puterized patient notes, digital imaging, CPOE, 
computerized lab results in any possible combi-
nation. “Smart” infusion pumps and BCMA are 
tools intended to improve the safety of medica-
tion administration. In the case of the former, 
drug libraries are leveraged to provide patient- 
specifi c dosing limits in an attempt to mitigate 
overdoses of infused parenteral medications [ 48 ]. 
In contrast, BCMA is intended to assure that any 
administered medication matches what is pre-
scribed for a given patient [ 49 ]. 

 These tools share several things in common. 
First, each represents an expensive solution tar-
geted at improving the safety of patients, primar-
ily through reducing medication errors. Second, 
each of these tools represents a complex technol-
ogy that is added to an already complex system 
of care in the ICU. Third, while many have been 
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linked to a reduction in errors, there remains no 
evidence that any of these costly solutions actu-
ally improves outcomes. This point seems at 
odds with the reduction of errors, yet the errors 
prevented seem to be not the same failures lead-
ing to preventable harm [ 50 ,  51 ]. Finally, each of 
these solutions has the potential to cause harm, in 
large part through failure to understand how 
introducing complex technologies into a complex 
system can worsen safety. 

 The reason for the lack of clear benefi t from 
these much-lauded technologies is multifactorial 
[ 51 ]. Karsh et al. [ 52 ] explore many in their 2010 
exploration of fallacies about healthcare informa-
tion technology. Additional explanations include 
lack of maturity of the devices (relative to their 
promise), inadequate consideration of existing 
models of technology adoption, lack of attention to 
known success factors in implementing technolo-
gies, and an absence of user centered design, a cor-
nerstone of human factors engineering [ 53 – 57 ]. 
While these issues may seem beyond the scope of 
those providing care to the pediatric cardiac popu-
lation, each of these technologies represent signifi -
cant system changes which will ultimately affect 
outcome. Whether this is for the better or not 
remains unanswered.  

    Alarm and Alert “Fatigue” 

 Two of the well intended but poorly considered 
byproducts of many of the technologies in the 
ICU setting are alarms and alerts. In the case of 
the former, alarms are meant to indicate physio-
logic distress or potential hazards associated with 
a device, e.g., infusion pump or ventilator alarm. 
Similarly, alerts are typically associated with 
technologies like CPOE and are intended to warn 
an end-user that their action may have been in 
error or simply ill advised. 

 Both alarms and alerts are associated with the 
phenomenon of fatigue or desensitizing end- users. 
Drawing from Pavlov’s work on classical condi-
tioning, Wolpe later showed that exposure to an 
anxiety provoking stimulus followed by a period 
of relaxation (as in a false alarm) leads to counter 
conditioning [ 58 ]. This  systematic desensitization  

has been demonstrated with both alarms and alerts, 
and has reached the point of national attention 
because of the associated harm. The Joint 
Commission cited 80 deaths attributable to alarm 
fatigue in their 2013 Sentinel Event Alert, while 
other sources cite alarm-associated deaths in the 
range of 216–566 patients [ 59 ,  60 ]. While the 
harm related to alerts in computer systems in not 
well characterized, literature has estimated that up 
to 96 % of all alerts are overridden [ 61 ]. 

 There are a number of factors that have been 
linked to causing desensitization. For alarms, 
these causes include alarm confi guration and 
thresholds, alarm algorithms, and the resultant 
low signal-to-noise ratio [ 62 ]. Additional consid-
erations in the child with congenital heart disease 
include the range of age- and pathology-related 
norms for heart rate, respiratory rate and oxygen 
saturation, as well as motion artifact in infants 
and small children. For alerts, causes include sig-
naling known interactions or concerns, clinically 
irrelevant alerts, and where the perceived benefi t 
of therapy outweighs the alerted hazard [ 63 ]. 
Additionally, the concept of alerting as clinical 
decision support is arguably backwards; rather 
than assisting providers in ordering context 
appropriate care, the device allows them to err 
and only then alerts the end-user. 

 What is perhaps most disturbing about the top-
ics of alert and alarm desensitization is that there is 
no literature on recovery from desensitization. 
Thus, as one considers introducing new technolo-
gies that depend on alarms and alerts to assure 
safety, there is reason to think carefully before 
implementing any alerts that have a low signal-to–
noise ratio do to real or perceived false positives. 
Until designers of technologies rethink the funda-
mental concept of alerts and alarms, prevention of 
desensitization appears to be the only hope.  

    Technology and Cognition 

 Cognition can be described as the “process of 
coordinating, mediating, and redistributing 
knowledge representations that are internal… and 
external…” [ 64 ]. This is important because, while 
safety as often been described as an  emergent 
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property of symptoms, it has also been framed as 
“the product of how well health care providers 
(HCPs) perform cognitive work processes” [ 65 ]. 
This second consideration is critical to under-
standing the role of technology in care delivery 
because technology can  improve or hamper 
human cognition.  A thorough discussion of all the 
ways technology can infl uence human cognition 
would require a textbook, not a paragraph in a 
chapter. Interested readers should start with works 
by Lawler and Holden [ 65 ,  66 ]. Not surprisingly, 
the issue of alerts and alarms are potentially dis-
ruptive to cognition and thus the delivery of safe 
care. Despite an extensive body of literature, more 
work remains on how to optimize technologies to 
optimize cognition. Until the issue of technology-
cognition interactions are fully understood and 
addressed, it is likely we will continue to see tech-
nologies having a negative impact (direct or indi-
rect) on PCCC outcomes.  

    Tools, Technologies and Outcomes 

 While outcomes can simply be framed in terms of 
“dead or alive” at the end of a clinical encounter, 
most would argue that functional outcomes are of 
far greater importance. What is striking in review-
ing the literature associated with these technolo-
gies is just how few can be linked to meaningful 
improvement in either survival or functional out-
come. Similarly, with a few notable identifi ed 
exceptions, few of these technologies have under-
gone formal cost-benefi t analysis. This leaves pro-
viders faced with both a void of useful information 
guiding which technologies truly matter to patient 
centered outcomes. This void also offers an oppor-
tunity for ongoing research into what aspects of 
our care actually matter. 

 Despite the lack of outcomes data, it is safe to 
conclude that the introduction of tools and tech-
nologies to the care of pediatric cardiac patients 
is not a neutral endeavor. Assuredly, such intro-
ductions will bring about fundamental changes to 
care delivery as well as to outcomes. Paraphrasing 
a public service announcement, simply knowing 
that technologies will create changes to systems 
and outcomes is half the battle [ 67 ].     
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     Pediatric cardiac surgery has particular task 
demands that make highly specialized team-
work training potentially extremely valuable, 
yet the understanding and training of these 
skills is poor, especially in the context of the 
complex and high-risk surgical environment. 
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    Abstract  

  Medical accidents are estimated to be the sixth leading cause of death in 
the US and may cost up to $980 billion per year. To determine their causes, 
these accidents need to be understood in terms of the systems model of 
accidents and of human factors, or the study of the relationship between 
individuals and work systems. Healthcare systems create errors through a 
complex mix of factors that shape human performance, including cost and 
throughput demands, poor technology design, interruptions, tolerance of 
violations, team tensions and miscommunication, and a limited under-
standing and application of human factors expertise. 

 Pediatric cardiac surgery outcomes are particularly susceptible to such 
problems, because children are already seriously at risk. Checklists, team-
work training, patient and parental involvement, and other improvements 
have all been benefi cial, but all need to be considered carefully in terms of 
the mechanisms of their effects, their broader impact on work systems of 
work, their diffusion, and their sustainability. Small problems can escalate 
to create serious adverse outcomes, but good teamwork can help avoid 
these problems, avoid escalating them to more serious problems, and help 
recover from these problems without leading to adverse outcomes.  
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Prospective safety measures introduced from 
the bottom up are likely to be far more effective 
than reactive, top-down measures, and focusing 
only on behavioral solutions does not acknowl-
edge that at all accidents are ultimately man-
agement issues. Truly high-risk, low-error 
surgery can be accomplished with a carefully 
designed structure of safety data, training, com-
munication systems, teamwork, information 
technology, simulation, user-centered design, 
and continuous prospective data monitoring. 

    Patient Safety 

 The incidence of errors that harm hospitalized 
patients is 5–15 % [ 1 – 5 ]. Patients receive only 
about 55 % of their recommended care [ 6 ]. Every 
year, 45,000–98,000 Americans die as a result of 
preventable medical errors in US hospitals, and 
up to one million more experience some type of 
preventable harm [ 7 ]. Risky events or near misses 
may be even more frequent, occurring in perhaps 
one-third of patients [ 8 ,  9 ]. Direct costs are esti-
mated to be $19.5 billion per year but may range 
as high as $980 billion [ 10 ]. 

 Studies routinely attribute a large proportion 
of healthcare accidents—possibly up to 80 %—
to communication failures [ 7 ,  11 ,  12 ], in part 
because a huge proportion of clinical work is 
communication. However, more sophisticated 
understanding of the causes of accidents in sev-
eral high-risk industries and many high-profi le 
catastrophes, indicates that blaming individuals 
(the “individual defect” model) or single causes 
predisposes to repeat incidents rather than solu-
tions [ 13 – 16 ]. Instead, these tragic events need to 
be understood in terms of the systems model [ 17 , 
 18 ]. In fact, humans have created safety in sev-
eral work systems characterized by complexity, 
unreliability, unpredictability, and intolerant of 
variations inhuman performance. It is the mis-
matches between these challenges in work 
demands (defi ned by the design of the system) 
and human abilities (defi ned through evolution) 
that lead to errors and accidents. 

 Human factors (HF) is the study of the relation-
ship between individuals and the systems in which 

they work. The fi eld grew from the combination 
of management science and applied psychological 
research in aviation [ 19 ,  20 ]. It has since become a 
key component of safety and performance improve-
ment in other high-risk industries, including road 
and rail transport [ 21 ], aviation [ 22 – 24 ], shipping 
[ 25 ], nuclear power [ 26 ], and military technolo-
gies and operations [ 27 ,  28 ]. One of the principles 
derived from studying accidents across industries 
is that human beings create safety, effi ciency, and 
high levels of performance, whereas work systems 
are insuffi cient, unreliable, and unsafe and thus 
predispose workers to make errors. That is, human 
errors are a symptom of deeper system problems. 
Learning about these deeper problems can help to 
make healthcare systems more resilient to failure, 
before patients are harmed. Although this principle 
is well recognized and taught as part of a culture 
of safety in most high-risk industries, this human-
centered approach is considerably less prevalent in 
healthcare. 

 Successful surgery requires coordinating 
many complex and independent components. It 
requires a skilled team of surgeons, anesthesiolo-
gists, nurses and other specialists, a patient who 
has undergone an appropriate diagnostic process, 
a set of well rehearsed procedures matched 
closely to the requirements of the patient, and a 
range of equipment, drugs, and blood products 
that must be appropriately organized in a sup-
porting workspace. It also requires an institu-
tional organization and culture that sustains the 
progress of the patient through treatment and the 
activities of the teams. 

 Pediatric cardiac surgery outcomes are partic-
ularly susceptible to systems problems because 
the patients are already seriously at risk and ana-
tomically unique, often with multi-factorial 
comorbidities, so each requires a specifi cally tai-
lored intervention. The surgery is complex, 
extremely invasive, requires substantial and rapid 
adaptation, and uses many different technologies, 
skills, people, drugs, and treatments, yet the out-
comes still largely depend on a large, highly spe-
cialized team of experts. In such complex 
treatment, the capacity for failure is huge. 

 A recent summary article on behalf of the 
American Heart Association emphasizes the 
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importance of human factors in cardiac surgery. 
Although the benefi ts of teamwork and generic 
training are acknowledged, understanding how 
optimal communication models and the wider 
system’s effects impact teamwork and pro-
cesses is incomplete [ 29 ]. Learning about these 
interactions, why they occur, and what can be 
done about them is fundamental for improving 
patient safety.  

    The Systems Model of Human 
Performance 

 Healthcare systems create errors through a 
complex mix of factors that affect human per-
formance. The managerial and administra-
tive “blunt end” of care creates opportunities 
for harm by organizational pressures, such as 
cost and throughput demands [ 30 ]; unreliable 
reporting of incidents [ 31 – 33 ]; failure to learn 
from previous events [ 34 ,  35 ]; hindsight bias 
in analysis [ 36 ,  37 ]; limited prospective haz-
ard prediction [ 38 ,  39 ]; continued emphasis on 
behavioral solutions and training [ 20 ]; limited 
teaching of systems thinking in medical educa-
tion [ 40 ]; poorly developed rules and interven-
tions [ 41 ]; implementation that ignores clinical 
complexity or expertise [ 42 ]; drift in organiza-
tional standards and processes [ 43 ,  44 ]; poor 
ergonomics [ 29 ,  45 ]; and poor implementa-
tion of technology [ 46 ]. These factors affect 
the ability of healthcare providers at the “sharp 
end” of care to cope with unusual or unexpected 
features of the patient [ 47 ,  48 ]; risk, uncertainty 
and variation in surgical tasks [ 49 ]; equipment 
failures and poor design [ 45 ,  48 ]; diagnostic 
defi ciencies [ 1 ,  14 ,  50 ]; lack of resources to 
support surgery [ 51 ]; interruptions, absences 
[ 52 – 55 ], and a culture tolerant of safety viola-
tions [ 43 ,  56 ,  57 ]. These factors are exacerbated 
by non-technical or teamwork performance 
defi ciencies [ 58 – 60 ]; team hierarchies that rely 
on the most senior team member not to fail [ 61 , 
 62 ]; tensions between professional groups [ 63 ]; 
lack of feedback and learning mechanisms that 
encourage recurrent problems and alternative 

solutions [ 47 ,  64 ]. The problems are perpetu-
ated by ethical and cultural barriers to improv-
ing safety and by limited knowledge about 
human error among clinicians and hospital 
administrators [ 65 ,  66 ]. 

 In the years since the publication of To Err is 
Human [ 7 ,  67 ], extensive efforts have been made 
to improve safety. New elements of work, such as 
checklists [ 68 – 70 ], briefi ngs [ 71 ,  72 ], care path-
ways [ 73 ], protocols [ 74 ], and technological 
developments [ 75 ] can improve teamwork, 
shared knowledge, and workfl ow. The greatest 
successes are achieved by involving clinicians in 
the process [ 76 ,  77 ] and by designing systems 
around their needs [ 78 ]. 

 Involving patients is also vital for improving 
safety and diagnosis [ 79 ,  80 ]. Involving parents 
of children with congenital heart problems is 
particularly important [ 81 ], not only for commu-
nication during care [ 82 ] but also for the even-
tual return home [ 83 ,  84 ]. However, although 
many studies initially found improved pro-
cesses and some improved outcomes [ 47 ], most 
involved supposedly simple one-dimensional 
solutions, poorly identifi ed causal mechanisms 
[ 14 ], did not address the complexity of health-
care systems or human behavior, and relied on 
behavioral change, training, or extra documenta-
tion [ 15 ]. This reliance has resulted in problems 
with implementation, the diffusion of interven-
tions, rule violations and drift in standards and 
processes [ 9 ]. The danger is that too many pro-
cedures and rules make it impossible not to vio-
late at least some of them and that they create a 
complex, brittle system with little resilience [ 5 ]. 
Furthermore, these changes do not remove the 
professional and administrative silos within the 
healthcare system or the circumstances in which 
teams form, develop, coordinate, complete, and 
dissipate. As a result, sustained change has been 
a challenge, especially for teamwork and com-
munication training. 

 The Systems Engineering Initiative for 
Patient Safety (SEIPS) model is useful for fram-
ing HF in healthcare [ 85 ]. The model recognizes 
that task, technology, environment, and organi-
zation affect human performance and that these 
components can have complex interactions. 
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Acknowledging that these interactions exist also 
benefi ts interventions by providing a broader 
range of solutions to particular problems, as 
well as by reinforcing the view that reliable 
solutions need to be multi-dimensional to pro-
vide “defence in depth” [ 18 ]. The HF approach 
can optimize healthcare delivery by designing 
care around the abilities and behaviors of those 
delivering care and by acknowledging the 
important effects that work demands, equip-
ment, environment, and organization have on 
those behaviors.  

    Task, Team and Technology 
Interactions 

 In 2000, inquiries into surgical deaths in 
Winnipeg, Canada [ 86 ], and Bristol, UK [ 87 ], 
were among the fi rst to highlight the complex 
range of systemic infl uences on surgical perfor-
mance. These inquiries revealed a huge range of 
organizational systems problems. Subsequent 
prospective direct observations in cardiac [ 51 , 
 88 – 90 ], orthopedic [ 51 ], laparoscopic, vascular 
[ 49 ,  60 ], and other surgeries found a range of 
small recurrent and frequent process problems 
that, on their own, seemed innocuous but that in 
certain situations contributed to errors [ 60 ,  91 ]. 
These observations led to searches for a mecha-
nism by which minor problems might lead to 
harm. Critical errors, even rare technical errors, 
occur in close proximity to usually innocuous 
failures, frequently described as “fl ow disrup-
tions” [ 92 ]. This accumulation of small prob-
lems can cause adverse events. A sequence of 
small failures can build to create something 
more dangerous or exacerbate (fail to recover 
from) a single, more serious mistake [ 47 ]. 

 Both accumulation and exacerbation pro-
cesses an occur together, so the propagation of 
error from minor isolated disruptions to major 
failure sequences is likely to be a combination of 
the cumulative effect of fl ow disruptions. When 
this combination coincides with some critical 
stage or process in the operation, otherwise minor 
communication errors can lead to devastating 

outcomes [ 29 ]. This effect is more  pronounced in 
higher-risk or more complex operations, both 
because they are more diffi cult and naturally 
have more problems and because they have more 
critical stages, so the likelihood of a disruption 
occurring at the time of a critical event is 
increased [ 47 ,  48 ]. Crucially, deLeval and 
Carthey [ 93 – 95 ] found that minor problems 
could affect outcomes in pediatric cardiac sur-
gery and that the team’s failure or success in 
meeting a challenging situation is what made the 
difference. Indeed, good teamwork helps to avoid 
minor problems, helps avoid the escalation of 
these problems to more serious ones, and helps to 
recover from these situations without leading to 
adverse outcomes. 

 The ability of operating room teams to 
avoid failures or capture them before they can 
accumulate to infl uence outcome, may be criti-
cal [ 7 ] because the cascade of disruptions to a 
major failure may also be prevented by effec-
tive teamwork [ 82 – 85 ]. Teamwork, critical team 
absences, communication problems, poor coor-
dination, and equipment failures can all exac-
erbate an already diffi cult and uncertain case 
and are related to intraoperative performance 
[ 89 ,  96 – 98 ] and outcome [ 95 ,  99 ]. These factors 
involve skills that are, at present, not formally 
included in training curricula. Surgical teams 
can be extremely ill-prepared for some of the 
unexpected systems problems they encounter. 
This problem is particularly critical in the man-
agement of perfusion, which is shared between 
surgeon, anesthesiologist, and perfusion-
ist. Management requires close coordination 
between the team members, their equipment, 
and the procedures that need to be carried out 
to ensure the successful recovery of the patient. 
Management can also become unstable in peri-
ods of high workload and close interaction, 
such as immediately after weaning from cardio-
pulmonary bypass. These issues make perfu-
sion fundamentally more complex and higher 
risk than many other tasks in the operating 
room (OR). The anesthesiologist and surgeon 
may give the perfusionist confl icting com-
mands, and miscommunication can lead to task 
deviations, equipment misuse, and near-miss 
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 Case Study 

 A 6-month old boy underwent a Norwood 
Stage 2 procedure for hypoplastic left heart 
syndrome. As the attending anesthesiolo-
gist prepared for the operation, he realized 
only 2 units of blood had been ordered and 
left the anesthetic resident in the OR while 
he went to arrange for more. During the 
initial sternotomy, performed by the expe-
rienced assistant surgeon, the heart and 
great arteries were found to have adhered 
to the sternum, and an unusual bleeding 
site was noted. Placing pressure on the 
bleed, the assistant surgeon asked for the 
attending anesthesiologist and surgeon 
to be called, since neither were present 
in the OR. Both arrived within 2 min, but 
in that time, bleeding had become severe. 
The assistant surgeon asked for heparin 
to be given to the patient, which would 
allow rapid initiation of cardio- pulmonary 
bypass and re-use of the blood being lost. 
The attending surgeon said no to heparin, 
and went to scrub up. By this time, heart 
rate, arterial pressure, CVP, oxygen satura-
tion and ETCO2 had all fallen markedly. 
Seeing the bleeding get worse, the assistant 
surgeon again asked the attending anesthe-
siologist for the heparin, and the anesthesi-
ologist agreed. Looking up from scrubbing, 
the attending surgeon stated angrily that he 
had specifi cally said no heparin. However, 
on viewing the anesthetic monitor and the 
surgical fi eld, he realized the seriousness of 
the situation. 

 exsanguination [ 47 ]. Simply training in team-
work or technical skills would miss the subtle-
ties of the tightly coupled relationship in cardiac 
surgery [ 100 ]. Thus, we argue that the effective-
ness of generic teamwork training models and 
checklist is limited. Rather, it is this complex 
mix of task, team, technology, and environment 
that creates the opportunities for desirable or 
undesirable outcomes.  

 The aortic homograft from the previ-
ous surgery had been ruptured during the 
sternotomy. Vigorous cardiac massage was 
given, and an aortic cannula was placed 
with considerable diffi culty. Adrenaline 
and blood volume were given, but 20 min 
after the bleeding was identifi ed, defi brilla-
tion was required. Fortunately, sinus rhythm 
was regained, and 6 min later, the heart rate 
began to rise again. The patient was placed 
on cardio- pulmonary bypass 34 min after 
the initial bleeding, by which time the heart 
had been bradycardic for 22 min, the blood 
had a pH of 6.9, and haematocrit was at 19. 

 Several other diffi culties were encoun-
tered in re-confi guring the hastily initiated 
bypass, but the surgery was successful, and 
the patient was moved to ICU after a 279-
min operation. A post- operative neurologi-
cal examination found no adverse effects 
from the incident. 

  Commentary  
 The absence of attendings, the aware-

ness failure by the attending surgeon, and 
the lack of blood products all delayed the 
response to the initial discovery of the prob-
lem. Although clearly the rupture of the 
homograft was the triggering event, contrib-
uting to the event were the patient, who was 
predisposed to the rupture by having partic-
ularly adherent arteries, and the procedure, 
for which rupture a known complication. 
The decision by the assistant surgeon and 
the senior anesthesiologist, to overrule the 
wishes of the attending surgeon was critical 
to the eventual successful outcome, but the 
sequence of further problems in confi guring 
bypass made this an extremely challenging 
situation. Fortunately, the team then worked 
exceptionally well together, appropriately 
managing the resources available and pri-
oritizing their responses to the situation. 
With better preparation, the response would 
have been faster and more effective and 
would not have risked the life of the patient 
(Adapted from Catchpole et al. [ 47 ]). 
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 In 2007, we published an infl uential handoff 
protocol that has now been adopted in many units 
around the world (including Saudi Arabia and 
Brazil) [ 101 ]. To improve our fl awed process, we 
sought to learn from aviation and motor racing. 
We found in both industries a no-blame culture 
that was led from the highest level of manage-
ment; a detailed database for recording errors or 
faulty equipment, allowing access to informa-
tion at several levels and performance tracking of 
every element in the system; clear procedures and 
extensive use of checklists; well rehearsed contin-
gency plans for time-critical events and strategic 
change; extensive auditable briefi ngs at a variety 
of levels to plan for future events and to learn from 
experiences; quiet and calm leadership, with an 
ability to step back from proceedings to assess the 
situation and the ability to learn from other teams, 
particularly when major accidents occurred. At 
the operational level, we implemented checklists, 
process re-design (allocation and sequence), and 
specifi c teamwork processes (a structured brief-
ing, discussion, and agreed plan). These changes 
substantially improved our handoff process, 
which has since provided a framework for a num-
ber of other studies [ 102 – 105 ], and reinforced the 
view that learning from other industries, com-
bined with human factors expertise and a multi-
dimensional approach to interventions, can have 
 transformative effects.  

    Challenges 

 Despite successes and large numbers of interven-
tions, healthcare-associated accidents have been 
reduced only slightly. Intraoperative events are 
rarely recorded, so there is little feedback for pro-
cess improvement. Often, there is no further 
attention paid to “near miss” events, no post- 
operative debriefi ng, and no assessment of why 
events happened. Consequently, nothing is 
learned about how these clear defi ciencies might 
be improved. Attention to minor failures could 
have a considerable impact on mortality and mor-
bidity, particularly in high-risk operations. Few 
studies track fl ow disruptions, an activity that can 
provide detailed quantitative and qualitative data 

on the threats to safe and effi cient systems’ func-
tion. Although each case is unique, the underly-
ing problems are common, and the resulting 
failures can be major and common. This circum-
stance provides a huge learning opportunity that 
is lost unless tracked. Instead, something goes 
wrong, which leads to an extra check or a new 
checklist, which frequently does not address the 
underlying problem. Prospective, ground-up 
solutions are likely to be far more effective than 
reactive, top-down interventions [ 42 ]. 

 Resilience—the ability to sustain work effec-
tively under long-term, systems-related stress—
is even less frequently described. We need to 
solutions that are effective and sustainable by 
identifying the mechanisms of failure and suc-
cess at both at the sharp end of care delivery, and 
at the blunt end of management. This dual 
approach is particularly important given that, in 
complex human systems, the source of a problem 
may be spatially and temporally separated from 
the manifestation of that problem. For example, 
communication problems may be underpinned 
by a lack of suffi cient time, space, and medium to 
communicate rather than by a lack of ability or 
willingness to communicate. Alternatively, the 
ability to adapt to unexpected situations can be 
reduced by over-standardization, which has 
resulted in problems with implementation [ 106 ], 
spread [ 107 ,  108 ], rule and process violations, 
and drift [ 57 ]. As stated above, the danger of too 
many procedures and rules is that at least some 
are likely to violated and that they also make a 
system brittle and unresponsive to changing 
stresses or needs [ 30 ,  109 ].  

    Summary 

 Medical error is among the top ten causes of 
death, carries with it great personal tragedy and 
huge costs, and remains persistent [ 8 ], despite 
huge efforts and some progress [ 67 ,  110 ]. 
Improving healthcare safety is an extraordinarily 
complex task, yet is usually approached with little 
knowledge of human-system interactions [ 20 ]. By 
employing a carefully designed structure of 
safety, training, communication, teamwork, and 
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clinical systems, it is possible to perform truly 
high-risk, low-error surgery. This safety structure 
should include checklists, simulations, user-cen-
tered design, continuous performance monitoring 
and improvement, data dashboards, information 
technology, and equipment integration. The struc-
ture should be based on detailed process data; bet-
ter use of that data based on the development of 
systems models; the specifi c modeling of team-
work and communication before, during and after 
surgery; patient and parent involvement in care 
and in the development of measures and models; 
and multi- dimensional interventions with known 
mechanisms of affect. 

 The systems view [ 17 ] ultimately challenges 
many concepts held by clinicians, such as the 
idea that Randomized Controlled Trials are 
always the best evidence [ 111 ], the fallacy that 
good outcomes indicate good processes [ 34 ], and 
the fallacy of self-determinism, especially the 
view that errors can be avoided through force of 
will or more training. Good outcomes are shaped 
by the equipment, tasks, environment, and orga-
nization, as well as by people. The core message 
of systems safety is that good outcomes are not 
so much about individual heroes—though clearly 
some key individuals can be extremely infl uential 
upon outcomes—but about establishing a team 
that can deliver every day, reliable, predictable, 
individualized care that treats the patient in the 
safest and most effi cient way.     
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        Introduction 

 Complex business organizations, or “enter-
prises,” rely heavily on information technology 
(IT) for their viability and competitiveness. This 
reliance is true for large and small businesses 
across all industries, particularly those that are 
 knowledge-based , in which workers manage 
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    Abstract  

  Effective information management in knowledge-based industries, such as 
healthcare, is crucial to their success in achieving desired outcomes and 
product goals. Advances in computer and information technology, along 
with the evolution of the fi eld of biomedical informatics, have contributed 
to the maturation of healthcare electronic information systems whose pur-
poses are to support patient care and sustain hospital operations. Access to 
data across application systems through better integration of system com-
ponents has become a preferred model for information system architecture 
and, as a result, institutions often choose to adopt enterprise- wide systems 
architecture formats using single- vendor application packages. Whether 
the information system architecture is comprised of multiple, variably, or 
non-integrated core components or is an integrated enterprise- wide sys-
tem, this chapter emphasizes how data access, even using a hybrid infor-
mation system structure, can be used to drive and, hopefully, advance the 
delivery of care.  
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information, either through its production or 
receipt or its use or distribution [ 1 ]. 

 Since the early 1990s, enterprise resource 
planning information management software 
applications have been employed to integrate 
departments and their functions within a com-
pany. The concept, now commonly referred to as 
“enterprise information system integration,” 
employs integrated enterprise information sys-
tem (IEIS) software to maximize effi ciency while 
reducing costs across the company. The benefi ts, 
challenges, and controversies associated with 
IEIS implementation have been popular subjects 
in the business literature and, increasingly, in the 
healthcare management literature [ 2 ,  3 ]. It is evi-
dent that advances in computer and information 
technology, beginning with the task-specifi c use 
of software applications and extending to the 
broader IEIS approach, have benefi ted industry, 
particularly on business process effi ciency and 
performance, especially when combined with 
other resources (ie, a strategy in which the appli-
cation of IT is complimented with the company’s 
human and business resources) [ 4 ]. 

 Simultaneously, expectations around the use 
(and now reliance) of IT have spread to all aspects 
of society, including healthcare services, train-
ing, and research. However, the adoption of IT 
uniformly across healthcare enterprises or hospi-
tals has lagged substantially behind that of non- 
healthcare industries and, in the United States, 
has lagged even behind that of similarly devel-
oped peer countries [ 5 ]. Reasons for this lag 
include cost, concerns about privacy and infor-
mation security, and the fact that healthcare 
information is highly complex. Despite the lag, 
there are benefi ts common to both healthcare and 
non-healthcare industries:
•    Real-time access to important and relevant 

information  
•   Effi cient and secure internal and external 

communications  
•   Enhanced productivity and precision in the 

performance of certain work-related tasks and 
decision support  

•   Performance tracking of business processes 
(including fi nancial accounting and product 
outcomes)  

•   Training and monitoring worker’s performance  
•   Compliance with evolving regulatory requirements    

 With the evolution and the increased penetra-
tion of healthcare IT that is partly driven by gov-
ernmental and societal mandates [ 6 – 9 ], the 
science of medical information management, or 
 biomedical informatics , has greatly infl uenced 
how information and knowledge are applied in 
medical care delivery. 

 This chapter will review the data hierarchy 
concept and briefl y introduce the fi eld of biomed-
ical informatics before describing existing hospi-
tal information systems structure. It concludes 
with a discussion of how current information 
management systems and approaches may be 
used to provide and evaluate medical care.  

    The Data Hierarchy 

 Advances in technology that support data collec-
tion, presentation, and distribution, have become 
more plentiful (sometimes overwhelmingly so), 
and are readily available to frontline healthcare 
providers. Because healthcare workers must 
effectively manage large amounts of data and 
information to provide medical care, perform 
research, or even make business decisions, a 
short review of the data-to-knowledge hierarchy 
is in order. 

 The terms  data  and  information  are often used 
interchangeably, but they are not synonymous. 
Data are raw observations and facts that, when 
processed, become information. Information is, 
thus, data that has been processed to any degree. 
The threshold beyond which data becomes infor-
mation is not always easily determined, but the 
boundary may be irrelevant because information 
itself, like data, is further processed in our minds 
to become  knowledge . At the top of the data hier-
archy, knowledge is the product of information 
processing or analysis as infl uenced by the experi-
ence of the individual or system, the assessment of 
relationships among information elements, and the 
application of rules to the information. Important 
applications of knowledge are the formulation of 
opinions and decisions that become manifest 
through actions in everyday life or  professional 
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activities. Hence, in the process of information 
management, it is vital to have reliable data to gen-
erate high quality information and knowledge on 
which decisions and actions can be optimized.  

    Biomedical Informatics 

 The practice of medicine requires clinicians to 
gather, process, and communicate information 
about individuals or groups of patients. Data and 
information must also be managed to identify and 
understand medical problems and to evaluate the 
appropriateness and effectiveness of diagnostic and 
treatment strategies. The interdisciplinary fi eld of 
biomedical informatics (or health informatics) can 
be defi ned as the discipline of information manage-
ment and processing for the purposes of providing 
medical care, supporting education, and enabling 
research activities [ 10 – 14 ]. Knowledge creation 
and information processing are the key fundamen-
tal elements; hence the overlay between medicine, 
cognitive and information science, and computer 
technology [ 15 ,  16 ]. 

 The four major applications traditionally thought 
to comprise the fi eld of biomedical informatics are 
(1) bioinformatics, (2) imaging informatics, (3) clin-
ical informatics (health informatics), and (4) popu-
lation health informatics.  Bioinformatics  relates to 
data associated with the basic sciences, such as that 
involved in the study of genes and proteins.  Imaging 
informatics , or radiology informatics, is concerned 
with digital image acquisition, processing, and 
applications associated the visual study of organs 
and organ systems.  Clinical informatics  relates to 
the acquisition, storage, retrieval, and application of 
patient information. Health or clinical information 
systems and their components, such as the electronic 
medical record, laboratory results reporting tools, 
and pharmacy systems, all fall under this category. 
Finally,  public health informatics  is concerned with 
population-level data and analytic methodologies 
that pertain to groups of patients. Benchmarking 
across populations as a means comparing perfor-
mance between similar groups or against an accept-
able standard is contained within this domain. 

 Collectively, all four of the biomedical infor-
matics subtypes described here encompass 

 rigorous data management techniques along a 
continuum, beginning with molecular biology 
and basic science, moving to sophisticated organ 
system image information processing, then to the 
comprehensive medical care of individuals, and 
ending with population-focused data assessment, 
capture, and analysis.  

    Health Care Information Systems 

 An information system is defi ned as a collection 
of data, processes, people, and information tech-
nology that interact to acquire, process, store, and 
transmit an output (data or information) to meet an 
organization’s goals [ 17 ]. In health care organiza-
tions, information systems are classifi ed according 
to the data management needs for the follow-
ing: (a) administrative functions or non- clinical 
operations, and (b) clinical operations [ 18 ]. 
 Administrative systems  deal with information- 
associated hospital business processes (i.e., patient 
registration, scheduling, billing, care utilization, 
etc.), hospital fi nance accounting, personnel man-
agement accounting, and equipment and supplies 
management. In health care, the use of informa-
tion technology to support non-clinical activities 
has progressed faster than its use in support of 
patient care.  Clinical information systems (CIS)  
address the information management needs for all 
aspects of clinical care and may be organized in 
several ways (Fig.  31.1 ). Integration and commu-
nication between CIS components, both internally 
and with external systems, are active areas of focus 
when considering the overall ability of the system 
as a whole. Individual hospital departments or 
ancillary services, such as radiology, pharmacy, 
or laboratory medicine, typically have their own 
separate CISs to support internal workfl ow needs. 
Traditionally, they have been robust enough to 
exist independently of other systems because of 
their unique processes and requirements. They 
were among the fi rst CISs implemented in hospi-
tals, yet integrating them with other CIS systems 
has required substantial effort, especially as the 
overall CIS infrastructure changes.

   Clinical activities or specialty areas may 
need to customize systems to perform specifi c 
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functions not attainable within the broader sys-
tem architecture. Specialty notes documenta-
tion, disease- specifi c tracking and management, 
order entry, and medication processing may be 
supported in this way. Health organizations that 
have been early adopters of CISs have typically 
done so using department or group-specifi c 
 information systems, many of which were locally 
created. Computerized order entry and decision-
support systems are such examples [ 19 ]. 

 Knowledge-based reference systems, such as 
medication formularies and other online refer-
ence tools, are readily accessed through the 
Internet and have become strongly embedded in 
the day-to-day care of patients across all clinical 
settings. The electronic medical record (EMR) 
and the electronic health record (EHR) represent, 
perhaps, the most inclusive of the CIS types. The 
designation “EMR” generally refers to the col-
lection of medical information related to a spe-
cifi c event or encounter in a single organization 
and usually sits at the center of the CIS structure 
in a healthcare organization (Fig.  31.1 ). The EHR 
refers to the repository of patient information 
collected over time and across organizations. 

Both hold the same health information contained 
in the paper-based medical record and are the 
product of the push for universal conversion to 
useful health information solutions. 

 Some of the forces driving this transition towards 
greater health IT adoption include advances in com-
puter and information technology, a desire to reduce 
costs while enhancing effi ciency, government and 
societal policy initiatives [ 6 ,  7 ], and the growing 
focus on patient safety, quality of care, and public 
health. The Institute of Medicine has stipulated, in 
its report from the Committee on Data Standards 
for Patient Safety, that the EMR and EHR should 
include the following core functions: collection 
of health information and data (data repository), 
results management, medication order entry, clini-
cal decision support, communication capability 
among care providers and with the patient, admin-
istrative process support, patient support, and 
population health management and reporting [ 20 ]. 
Traditionally paper-based medical record systems, 
which are often highly fragmented both within and 
across hospital departments, continue to evolve into 
more accessible and integrated electronic clinical 
and administrative information systems [ 21 ].  

Department or Ancillary Service

(Radiology/Pharmacy/Laboratory)

Clinical group or specialty-based application

Event
reporting
database

Healthcare Organization

Research
database

Reference
tools

Patient
portal

Public health
department

Organ
procurement
organization

External Environment

Electronic
Medical Record

  Fig. 31.1    Components 
of a clinical information 
system with the electronic 
medical record as the core 
component that communi-
cates with internal 
and external systems       
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    Information Systems Architecture 

 An institution’s information systems architec-
ture is guided by its values, IT goals, and 
requirements for the system. The architecture 
will, in turn, refl ect the capabilities and fea-
tures of the system, which are enabled by the 
specifi c core technologies, applications soft-
ware, and desired workfl ow characteristics 
built into it. Several factors infl uence the con-
struction and implementation of a system, 
including (1) the potential return on invest-
ment; (2) the fi nancial, personnel, expertise, 
and existing IT infrastructure resources needed 
to acquire, implement, and develop the system; 

(3) the extent of  customization efforts; and (4) 
the desired or expected workfl ows. The impact 
on workfl ow most directly affects the end users 
or clinical staff who expect that the system will 
enhance their ability to perform their duties, 
not hinder it, especially in the era of increased 
regulatory oversight and focus on care quality 
and safety outcomes. 

 The most common hospital IS approaches 
specifi cally related to the use of IT for clinical 
care across an institution are the integrated 
enterprise- wide system approach (using a single- 
vendor application software package); the multi-
ple, non-integrated applications system approach, 
and a hybrid strategy (Figs.  31.2  and  31.3 ).
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Non-integrated applications &
database architecture model

Enterprise-wide integrated system
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a b  Fig. 31.2    Clinical 
information system 
architecture models. 
( a ) The non-integrated 
model consists of separate 
applications and databases 
that are not integrated. 
( b ) The integrated enter-
prise-wide model in which 
applications are integrated 
and rest on a common 
database       
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       The Multiple, Non-integrated 
Applications Approach 

 An organization seeking to achieve multiple IS 
goals through the use of specialized, industry- 
established, customizable application sys-
tem components may create what has been 
traditionally referred to as a  best-of-breed  sys-
tem. Best-of- breed systems are comprised of 
core components, thought to be the best in the 
industry, that support departmental or group-
specifi c workfl ow and software needs. They are 
also referred to as “stovepipe” systems, a term 
refl ecting the parallel, non-integrated nature of 
their component systems in many circumstances 
(Fig.  31.2 ). Important advantages are that depart-
ments or specialty groups can select the best, usu-
ally most mature and customizable components, 
to achieve multiple IS goals within a single insti-
tution. Important disadvantages include limited 
ability to share data across applications. Interface 
engines and middleware software applications 
may be inserted to create interfaces between 
separate application systems, but these fi xes are 
labor-intensive and costly. They are more typi-
cal in organizations that adopted IT early and 
in larger institutions with greater departmental 
diversity and specialization.  

    The Enterprise-Wide Integrated 
System Approach 

 Another organizational perspective that deter-
mines system architecture relates to the degree of 
application software or IS integration. With 
respect to IS integration, there are four domains 
of integration that are usually considered by the 
organization: organizational level integration, 
strategic integration, systems integration, and 
technical level integration. A high level of inte-
gration across these domains, particularly in rela-
tion to core application systems and technologies 
may be achieved by employing a single vendor 
application system and is generally referred to as 
the  integrated enterprise-wide system approach . 
Such an approach has been valued in business, 
and greater integration across the healthcare 

enterprise has become a highly desired feature of 
contemporary healthcare information systems as 
indicated by studies of health IT management 
strategy [ 22 – 24 ]. 

 Selected characteristics of the best-of-
breed and integrated enterprise-wide system 
approaches, including key benefi ts and advan-
tages related to implementation and usability 
are displayed in Table  31.1  [ 25 ]. Hybrid sys-
tem architecture represents a third approach 
and will be discussed later in the chapter. Yet 
another method of achieving integration, though 
at the application level, involves the creation of 
a common user interface (using a separate, web-
based application) to provide front-end access to 
 multiple, otherwise separate applications. This 
is referred to as  visual integration,  which can be 
achieved, relatively superfi cially, with little dis-
ruption to the overall system infrastructure, albeit 
with limited functional characteristics.

        Information Management, Systems 
Integration, and Care Delivery 

  Biomedical informatics  supports several key priori-
ties of healthcare delivery. Given the well docu-
mented potential for harm to patients receiving 
medical treatment [ 26 ], maximizing the safety and 
quality of medical care is a top priority. The fi nan-
cial and operational challenges to healthcare orga-
nizations have led to the need to refi ne hospital 
processes toward better resource use, operational 
effi ciency, and cost containment. Crucial to meet-
ing these priorities are the effective capture and 
analysis of high-quality data, in addition to the 
optimal use of IT in personnel and operations man-
agement, clinical care, and research activities. 

 Information management in the enterprise- 
wide system is enhanced by two important attri-
butes: a shared or common database structure and 
a high level of integration across multiple appli-
cations (Fig.  31.2 ). However, achieving a truly 
integrated enterprise-wide information system 
has been diffi cult, even though several single- 
vendor systems have integrated many important 
application systems ranging from event schedul-
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ing, to imaging viewing and archiving, pharmacy 
management, laboratory results reporting, and 
patient care documentation. 

 Currently, many single-vendor systems have 
several components that cannot replace or are not 
superior to other, already on-the-market solutions 
[ 25 ]. Hence, the more realistic scenario involves 
a CIS architecture comprised of a primary system 
(possibly a single-vendor system) that integrates 
certain components while other department or 
specialty-focused systems are employed along-
side. The primary system typically comprises the 
EMR, whereas the separate, non-integrated com-
ponent systems may support clinical care directly 
or be used for other purposes, such as quality-of- 
care tracking for real-time benchmarking, clinical 
research activities, and as a reference tool to guide 
decision making. Such a hybrid system lies some-
where between the completely integrated sys-
tem architecture and the multiple non- integrated 
application system construct (Fig.  31.3 ).  

    Example of a CIS Profi le 
and Information Management 
Opportunities 

 To illustrate how information systems can be 
employed within a health enterprise, selected 
examples from the author’s institution are summa-
rized in this section. The institutional information 
system architecture is effectively a hybrid system, 
although the organizational strategy since 2004 has 
been to establish an integrated enterprise-wide sys-
tem. The organization has nevertheless attained the 
Healthcare Information and Management Systems 
Society’s (HIMSS) highest level (Level 7) for the 
adoption of the complete EMR [ 27 ]. This feat 
refl ects the ability to share data across all capabili-
ties of the EMR, which is remarkable because 
fewer than 2 % of centers at any stage of EMR con-
version have achieved this level as of early 2013. 

 At the author’s institution, EMR conversion is 
being achieved by implementing a single-vendor 

   Table 31.1    Selected characteristics of multiple, non-integrated applications and integrated enterprise-wide electronic 
information systems   

 Multiple, non-integrated applications system  Integrated enterprise-wide system 

 Functionality  Multiple software applications  +  Single vendor applications  + 
 Specialty-focused  +  Organization-focused  − 
 Applications more mature  +  Limited application maturity  − 

 Some now have clinical area/
specialty focused modules 

 + 

 Design  Highly customizable  +  Limited customization  − 
 Variable or no integration  −  Highly integrated  + 
 Less standardization  −  Highly standardized  + 
 Interfaces required for integration  −  Decreased need for interfaces  + 
 More rapid design as impact 
limited to fewer or small areas 

 +  Design impacts more broadly; 
need buy in; time consuming 

 − 

 Implementation and 
maintenance 

 Shorter timeline for 
implementation 

 +  Longer timeline for entire system 
life cycle development 

 − 

 Complicated maintenance 
requirements 

 −  Maintenance less complicated, but 
changes may impact across 
applications 

 + 

 End users  Need to learn multiple systems  −  Need to learn one system  + 
 Redundant data entry may be 
necessary 

 −  Decreased need for redundant data 
entry 

 + 

 Data sharing  Diffi cult without substantial 
interfaces 

 −  Common database- better 
reporting capabilities 

 + 

 Multiple places to fi nd data  −  Easier to view data across 
multiple care areas and encounters 

 + 

  Benefi ts and disadvantages are indicated by a + or – sign, respectively  
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enterprise application system encompassing the 
medical record and several fully integrated 
department-specifi c systems. Separately, and for 
the support of information management and 
patient care within the hospital’s cardiovascular 
program, are multiple application systems that 
are integrated to some degree with the EMR and 
to each other. Admission, discharge, and transfer 
data are shared across most applications, which is 
the most consistent example of data sharing. The 
following are systems or applications that sup-
port patient care, quality improvement, research, 
and tracking of resource utilization.
•     Cardiology clinical database/longitudinal 

health record . Using cardiology and congeni-
tal heart disease-specifi c diagnostic coding, 
separate applications are used to access patient 
diagnoses, hospital and clinic encounters, sur-
gical and catheter procedures, and primary 
caregivers. Reports and queries by patient and 
diagnostic or procedural codes can quickly be 
performed. Reports from imaging studies and 
catheter procedures interface with the EMR 
from the original source application.  

•    Hospital serious event reporting system . 
A hospital-wide, self-reporting, web-based 
application captures and classifi es patient care 
or system variances for review and quality 
tracking. The application is customizable, and 
events are classifi ed according to type, cate-
gory, severity, and preventability. Regular 
review by care area teams and local adminis-
trators and by hospital quality coordinators 
allows real time surveillance of safety and 
quality metrics with opportunities to bench-
mark and intervene as necessary.  

•    Hospital acquired infection surveillance 
database . Initially focused in the critical 
care units, nosocomial infections (catheter- 
associated bloodstream infection, urinary 
catheter- associated infection, ventilator-
associated pneumonia, and surgical site infec-
tions) are tracked and classifi ed for regular 
unit-based and hospital-wide review. Data for 
each infection type are benchmarked against 
that for similar, pooled patient populations. 
Rapid review cycles and a ready-to-intervene 
approach have resulted in benefi cial practice 
and process changes.  

•    Standardized care pathway database . To 
reduce unnecessary practice variation and 
optimize care outcomes while improving 
resource utilization, the institution created for-
mal evidence-based, hypothesis-driven stan-
dardized care plans for selected patient 
populations. Deviations from suggested care 
practices are identifi ed, and plausible out-
comes of the pathways are reviewed for effi -
cacy on an iterative basis, usually in 
6-to-9-month cycles. On the basis of this 
review, practices are modifi ed and new plau-
sible outcomes are generated, if appropriate.  

•    Patient tracking, trajectory, and trigger tool . 
For critically ill patients, an application was 
developed to capture, display, and store 
 physiologic information from the continuous 
bedside monitoring system and some biomed-
ical devices. Physiologic data can be viewed 
continuously over the entire intensive care 
unit stay, and trends can be discerned before 
and after events, which can be annotated in the 
system. The user interface provides a robust, 
customizable view of trends, allowing a 
patient’s trajectory to be assessed. Stored 
physiologic data is integrated with clinical 
data collected from the EMR and is being 
used to develop predictive models and algo-
rithms to aid in real-time decision support.  

•    Cost stratifi cation by patient type . From hos-
pital and cardiovascular program fi nancial 
databases, cardiac procedure costs are 
matched to patient clinical characteristics. 
Analysis of patients undergoing catheter and 
surgical procedures resulted in a cost- 
stratifi cation model that predicted resource 
use by diagnosis and procedure type. 
Predicting resource intensity from fi nancial 
and clinical data may guide resource planning 
for patients, third-party payers, and the health-
care organization.     

    Summary 

 In this chapter, a parallel has been drawn between 
healthcare and business enterprises with respect 
to the application of information technology and 
evolution towards integrated enterprise-wide 

M.C. Almodovar



385

information systems to improve information man-
agement. Although such systems have become a 
highly sought means by healthcare organizations 
as they transition to the complete EMR, success is 
variable, as is the degree to which complete inte-
gration has been achieved. Good data are crucial, 
and there are many ways to achieve a high level of 
integration within the IS architecture of an organi-
zation. Clearly, as we gain experience in the sci-
ence of data and information management, and as 
IT capabilities and applications continue to 
evolve, better integration of systems will enable 
safer and higher quality healthcare, research, and 
effi ciency in the medical care delivery process.     
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  32      Towards Effective Data Utilization 
in Congenital Cardiac Critical Care 
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    Melvin     C.     Almodovar      ,     Peter     C.     Laussen      , 
and     Evan     Butler     

    Abstract  

  Critical care is among the most data intensive fi elds in health care, with 
multiple sources of physiologic measurements that are tracked both con-
tinuously and intermittently for the purpose of guiding ongoing treatment. 
Clinicians have a limited capacity to convert this data into actionable infor-
mation, and thus there is an ongoing effort to develop sophisticated analytic 
support systems. The immediate technical issues of aggregating this data 
for analysis are signifi cant but manageable. Analytical models may be gen-
erally categorized based on their abstraction of underlying physical princi-
ples. Models may be derived from experimental data through statistical 
processing (black box), from fi rst physiologic principles (white box), or 
some combination of the two (grey box). Ultimately, successful analytic 
technologies will  distill  and  reduce  data and present the resultant informa-
tion in a  centralized ,  intuitive , and  effi cient  manner.  
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        Introduction 

 The critical care management of newborns, 
infants and children with cardiac disease is 
among the most data intensive fi elds in health 
care, with dozens of asynchronous physiologic 
measurements that are tracked for the purpose 
of informing ongoing treatment. Despite the raw 
computational power of the ubiquitous medical 
devices, clinicians are the principal analytical 
entity charged with evaluating data and extracting 
the appropriate actionable information. Humans 
are inherently limited in their capacity to evalu-
ate multiple complex interrelated information 
streams, sometimes leading to suboptimal care [ 1 , 
 2 ]. Clearly, there is a role for technology that can 
extract meaningful attributes of the patient state 
and deliver them to clinical decision-makers. 

 A useful abstract hierarchy of idea develop-
ment within the human mind defi ned by Ackoff 
[ 3 ] follows a progression through  data ,  informa-
tion ,  knowledge , and ultimately  wisdom . 

 Data is the raw primitive source, which must be 
processed and structured to create information. 
Knowledge provides a framework for connecting 
this information to decision making. Wisdom is 
the process by which knowledge can be extrapo-
lated from one domain to another. Thus useful for-
mulation of wisdom derives from the creative 
processing, analysis, and extrapolation of data. 

 Within the context of the intensive care, it is 
apparent that there is a huge amount of raw data 
for clinicians to interpret, from continuous physi-
ologic monitoring through to periodic laboratory 
and pharmacy data. However, only a small fraction 
of this data is integrated, captured, stored and 
translated into meaningful information to assist 
with knowledge acquisition and decision making. 
The development of knowledge is a challenging 
task, and therefore there is inherent value in encap-
sulating knowledge in a way that makes it transfer-
able and sharable through universal standards of 
care. However, clinical protocols only provide 
treatment solutions when the available data is 
translatable into actionable information. Thus it is 
an appropriate goal to use advanced analytical 
technology to improve the proportion of data that 
is converted into information. 

 The sections of this chapter provide a frame-
work for analyzing the challenges of data over-
load in critical care, and the methodologies that 
can be used to overcome this burden by extract-
ing actionable clinical information.  

    Data Overload: Causes 
and Consequences 

 The critical care environment is an extraordinarily 
data-rich environment where the volume and vari-
ety of signals produced by a patient are highly cor-
related to acuity. Standard care of a critically ill 
patient includes the monitoring of many continu-
ously measured physiologic variables (i.e., ECG, 
SpO 2 , invasive blood pressures, etc.), along with 
intermittently measured laboratory data and bio-
markers (lactic acid, hemoglobin, etc.). While the 
vendor-specifi c monitors and electronic healthcare 
records are designed to capture, parse, and deliver 
intermittent data, the clinicians are required to do 
the overwhelming majority of the processing and 
analysis. Despite extensive training and cultivated 
skills, individual physicians cannot always contend 
with and assimilate the entirety of these signals [ 4 ]. 

 The term “Big Data” refers to systems in 
which the data volume is too great to be pro-
cessed by traditional database tools [ 5 ], and 
beyond the capabilities for immediate human 
integration and interpretation. In a 2001 technical 
report, Laney [ 6 ] describes three distinct compo-
nents of Big Data: velocity, volume, and variety. 
 Velocity  is the speed at which data is captured and 
delivered,  variety  is the number and diversity of 
data sources, and  volume  is the amount of stored 
data that requires processing to yield meaningful 
information. In the following sections we discuss 
each of these and the challenges they present to 
physicians when interpreting ICU data. 

    Velocity 

 Signals from monitoring in critical care trans-
mit at a variety of rates over many orders of 
magnitude, from ECG waveforms (>1 kHz), to 
photoplethysmography (120 Hz) to intermittent 
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laboratory data. To contend with these disparate 
rates, patient data is most often presented as a 
snap-shot view, usually over a limited time frame 
and with limited information regarding the his-
tory and evolution of that data. This limits the 
bandwidth with which the clinician can utilize 
the data, effectively hiding important trends that 
can indicate critical developments of the patient 
clinical trajectory. Figure  32.1  shows a schematic 
of patient data showing a progressively decreas-
ing heart rate (HR) and narrowing pulse pres-
sure (PP). As shown, the inherent variability in 
these signals can obscure the dominant trend and 
impending physiologic failure.

       Variety 

 Data in critical care comes from multiple inter-
related sources that can serve to illuminate or 
cloud the relevant underlying clinical state. As 
an example, consider the evaluation and moni-
toring of adequate oxygen supply/demand bal-
ance. Estimating this factor for a critically ill 
patient is arguably the most important aspect 
of pediatric critical care [ 7 ]. While the balance 
between oxygen demand and delivery can be 

estimated and calculated with intermittent data 
points, it is diffi cult to measure continuously. 
Moreover, there is no way to measure the effec-
tive utilization of oxygen for oxidative phos-
phorylation at the mitochondrial level. Instead, 
clinicians use a variety of signals that serve, to 
some degree, as indirect measurements. These 
proxy measurements include general hemo-
dynamic parameters (e.g. heart rate, perfusion 
pressure), end-organ perfusion parameters 
(urine output and biochemical indices of func-
tion), metabolic byproducts (lactic acid, and 
mixed venous O 2  level), and other hemato-
logic parameters (hemoglobin). Although none 
of these individual proxies provide suffi cient 
information to properly assess adequate oxygen 
delivery, taken as a group they can theoretically 
provide a more accurate physiologic picture. 

 In practice, clinicians have a limited capacity 
to interpret multiple dissimilar data sources [ 1 ,  8 ]. 
In a study by Tibby et al. [ 9 ] clinicians were asked 
to stratify the cardiac output of ventilated chil-
dren (high, normal, low) when provided with all 
available hemodynamic, laboratory, and physical 
examination fi ndings. When their responses were 
compared to the current gold-standard measure-
ment derived from femoral artery  thermodilution, 
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  Fig. 32.1    Schematic of 
evolving patient data. Data 
that is observed only 
intermittently ( a ) may not 
reveal critical underlying 
clinical trends ( b ).        
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researchers found low correlation (r = 0.24) inde-
pendent of the level of training of the clinician, 
thus demonstrating the inherent challenge of 
complex clinical assessment.  

    Volume 

 The frequent and standardized repetition of spe-
cifi c circumscribed care will improve a clini-
cian’s technical skills. This is much more 
diffi cult for complex and varying clinical situa-
tions in critical care, such as the management of 
multi- organ failure or postoperative cardiac sur-
gical care. For a clinician treating such a patient, 
it is diffi cult to abstract the enormous volume of 
data into meaningful information at the moment 
of care, let alone to derive important and new 
clinical knowledge that will be relevant to the 
next patient. 

 Despite years of experience with ostensibly 
similar patients, clinicians often reach mark-
edly divergent conclusions about patient care. 
In an unpublished study, the authors conducted 
a survey of attending-level physicians to assess 
the perceived critical bounds of physiologic 
variables for post-operative management of 
single- ventricle infants after stage 1 palliation. 
Physicians were asked to specify three regions 
for each variable: (1) Physiologically opti-
mal (Green), (2) Physiologically non-optimal 
(Yellow), and (3) Imminent physiologic failure 
(Red). The bounds assigned by the clinicians 
were then compared with the actual physiologic 
histograms from 39 patients. 

 Figure  32.2  shows frequency data for Heart 
Rate (HR), Oxygen Saturation (SpO 2 ) and 
Mean Arterial Pressure (ABPm) for this cohort, 
and demonstrates considerable inconsisten-
cies between individual practitioners in the per-
ceived bounds. Specifi cally, some practitioners 
set bounds implying imminent clinical failure 
more than 40 % of the time, and others assigned 
values that were >3 standard deviations from 
the mean as normal. Thus despite years of train-
ing and experience, it is challenging to integrate 
patient data into consistent and accurate clinical 
guidelines.

        Components of Effective 
Data Utilization 

 Technologies that seek to overcome the problems 
caused by data overload in critical care will inevi-
tably need to address several common compo-
nents of data analysis and utilization. First, data 
must be captured from multiple heterogeneous 
sources, formatted universally, and aggregated 
into a single cluster. Next, the data must be 
 analyzed to extract information relevant to a spe-
cifi c patient’s state and trajectory. Finally, the 
resulting information must be presented to clini-
cians so as to effectively assist the care process. 
The following sections present an overview of 
the specifi c challenges presented by each of these 
components, and some technological solutions to 
these challenges. 

    Data Capture 

 Sources of patient information include those 
directly attached to patients, such as external sen-
sors/devices, and external software systems, such 
as the electronic health records. Each of these 
may be locally self-contained, networked back to 
a local hub within a patient room, or networked 
centrally within the hospital. 

 Data may exist in one of many standardized 
formats, and exchanged using protocols that span 
multiple conceptual levels. The process of infor-
mation exchange is often described as the con-
nection between “stacks” of protocols, where 
each protocol acts on a higher conceptual level 
than the one preceding it. The conceptual levels 
can be summarized generically, in increasing 
conceptual level, as (a) the method of delivery, 
(b) the structure of the message, (c) the content of 
the message, and (d) the expected behavior of the 
recipient. Only when these rules are defi ned and 
understood by stakeholders will the exchange 
proceed in an effi cient and expected manner. In 
order to successfully collect and collate data from 
multiple healthcare data sources it is imperative 
that the exchange mechanisms are compatible at 
each level of the protocol. The mechanisms of 
interoperation are beyond the scope of this 
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  Fig. 32.2    Histograms of 
patient data frequency vs. 
clinician’s assignment of 
physiologically optimal 
( Green ), physiologically 
non-optimal ( Yellow ), and 
imminent physiologic 
failure ( Red ) for Mean 
Arterial Blood Pressure ( a ), 
Heart Rate ( b ), and Oxygen 
Saturation ( c ).         
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 document, but one could imagine that the chal-
lenges of information exchange depend largely 
on which protocols need to be adapted. 

 A deceptively challenging task is to associate 
data with its originating patient. While some 
devices can do this locally by collecting and dis-
playing data only within a patient room, net-
worked data requires a system to associate the 
correct source of data with other levels of infor-
mation, such as from the admission, discharge, 
transfer and patient demographic systems, to 
ensure there is system-wide agreement. This type 

of challenge, known as the “multi-master prob-
lem” arises whenever two systems assert the 
same piece of information and a third system has 
to adjudicate to determine which it should accept. 
For example, if a monitor in room 123 is associ-
ated with Patient A, but the EMR associates room 
123 with Patient B, a third system which inte-
grates information from both systems has the 
option to either (a) assume that the monitor is 
correct, (b) assume that the EMR is correct, or (c) 
assume neither and disregard messages until the 
discrepancy is resolved. The correct resolution 
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will depend on clinical workfl ows and site- 
specifi c requirements, such as ensuring that a 
nurse or clerk in the critical care unit correctly 
enters the unique medical record number for a 
patient to a specifi c bed space monitoring system, 
but might involve alerting a clinician to the dis-
crepancy and making the data unavailable until 
changes are made to correct the ambiguity. A best 
practice is to reduce the chances of multi-master 
problems by providing as few masters as possi-
ble. When feasible, systems can be connected 
such that one upstream change (e.g. during the 
admission process) triggers updates to both the 
EMR and monitor systems, ensuring they stay 
synchronized. 

 Once data exchange and authenticity proto-
cols have been achieved, data can be aggregated 
into a centrally accessible location in a common 
format. This aggregation can occur progres-
sively through several levels and multiple sys-
tems. For example, a patient might have multiple 
disparate monitors with multiple sensors each, 
and each monitor might be attached to a cen-
tral server. Thus the standardization of both the 
mechanism of collection and the format of the 
data progresses upward. Leveraging individual 
local data aggregation systems can greatly sim-
plify the process of collecting real-time patient 
health information.  

    Modeling and Analysis 

 Analytical models are used to extract relevant 
clinical information from patient data. These can 
be generally categorized based on their abstrac-
tion of underlying physical principles. Those that 
are purely derived from experimental data 
through statistical processing, such as machine 
learning algorithms, are known as  black box 
models . These types of models are generally 
straightforward to implement, but have a number 
of drawbacks in that they (a) disregard known 
physiologic principles, and (b) are challenging to 
correlate with larger clinical context. As an 
example, a black box algorithm that purports to 
identify impending cardiovascular collapse is 
less valuable if it cannot concomitantly express 
the underlying physiological reasoning. 

 Models that are derived from fi rst physiologic 
principles by abstracting well understood physio-
logic interactions and dependencies are known as 
 white box models . These models are more challeng-
ing to formulate because they require a priori 
knowledge of the underlying system, but are more 
intuitive to interpret. Additionally, there exist hybrid 
 grey box models  that embed both clear underlying 
principles and data derived dependencies. 

 Historically, the fi rst models to be utilized for 
analyzing critical care data were static black box 
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models used to assess severity of illness. These 
include indices such as the APACHE, SAPS, 
ASCOT, and PRISM scores. The general format 
for each of these scores is to use weighted combi-
nations of easily obtainable variables (e.g. age, 
responsiveness, physiologic signs) to assign a rela-
tion to a particular level of acuity or likely out-
come (e.g. length of stay, mortality). Despite their 
simplicity, few of these models are commonly 
used prospectively to make medical decisions due 
to limited immediate clinical value or technical 
requirements. More recently, a number of dynamic 
indices, such as the Pediatric Early Warning 
System (PEWS) [ 10 ] and the Stability Index [ 11 ] 
have been developed to monitor  changes  in vari-
ables to capture evolving physiologic trends. 

 Grey box models used in critical care generally 
seek to interpret data in the context of maintaining 
physiologic homeostasis (e.g. matching oxygen 
supply and demand). The most well- known exam-
ples of grey box models are those that measure the 
variability of vital signs (such as Heart Rate) to 
assess autonomic system function. These models 
start from the rationale that homeostasis is main-
tained through interactions of multiple decentral-
ized systemic components [ 12 ]. For example, 
oxygen delivery is governed both globally through 
chemoreceptors and locally within tissue through 
active and reactive hyperemia. This results in a net-
worked system whose stability emerges as a natu-
ral result of its interactions, and loss of variability is 
a sign of the system failing. Algorithms based on 
variability analysis have had some success identi-
fying impaired oxygen delivery in patients with 
single ventricles [ 13 ], hemorrhagic shock [ 14 ], and 
sepsis [ 15 ]. 

 White box models attempt to illuminate 
homeostasis by interpreting data using fi rst- 
principle physiologic models. The general 
structure of a cardiovascular white box model 
can be divided into two components: a  dynamic 
model  and an  observational model . The dynamic 
model abstracts physiologic auto-regulation and 
the respective regulated variables such as oxy-
gen delivery or mean arterial pressure. The 
observational model relates the regulated vari-
ables to available data streams. An example of 
this model architecture using hemodynamics of 

a single ventricle congenital heart population is 
provided by McManus et al. [ 16 ]. One critical 
feature of this model is that it is stochastic, 
which enables it to capture the inherent uncer-
tainties of both the measurements and the physi-
ology model itself. As a result, the model 
provides probability density functions for esti-
mated variables, as opposed to specifi c estima-
tions with unknown precision and accuracy. As 
shown Fig.  32.3 , readily available data may be 
processed through a dynamic physiology model 
to obtain probabilistic estimates of relevant 
underlying hidden variables.

       Information Delivery 

 Once information has been created from data it 
must be delivered effectively to clinicians. In an 
environment already at risk for sensory and data 
overload, the delivery of new information must 
conform to the medical workfl ow without over-
whelming clinicians. A report by Osheroff et al. 
[ 17 ] outlines a national roadmap for successful 
implementation of clinical decision support sys-
tems, that starts with optimized technology. 
Within critical care, optimized analytic technol-
ogy will  distill  and  reduce  data as opposed to 
adding another monitor or index to the mix, 
allowing clinicians to focus on the most relevant 
material. Second, it will present information in a 
 centralized, intuitive , and  effi cient  manner. Third, 
it will be integrated into the clinical workfl ow 
and permit the clinician to provide feedback to 
encourage engagement and provide continuous 
clinical and analytic improvement. Technologies 
that have fallen short on these criteria in the past 
have suffered from poor adoption and usage. The 
development of individual medical knowledge is 
derived over many years of experience, making 
clinicians skeptical of signifi cant or rapid changes 
in medical guidelines. For analytical models to 
be broadly accepted they must defi nitively dem-
onstrate return on investment and they must 
improve the clinical workfl ow. While return on 
investment is certainly an important factor, the 
challenges to achieving this milestone will be 
specifi c to each individual technology.   
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    Conclusion 

 Data overload in critical care is a pressing 
concern that will likely worsen in the near 
term as signals from new devices and tests 
come to market. The immediate technical 
issues of aggregating this data are signifi cant 
but manageable. A greater challenge is the 
development of successful analytic methods. 
While black-box analytic methods may yield 
quick results, the use of white-box models are 
strongly preferred to provide a more thorough 
understanding of the underlying physiology. 
Ultimately, successful analytic technologies 
will provide an intuitive funnel from raw data 
into actionable information.     
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     Imagine that your family has just moved to a new 
town, and one of your children has a previously 
diagnosed heart problem. You need a new doctor 
and are concerned that both you and your family 
members will receive the best care. What quali-
ties in that doctor would you look for: likeable 
personality, good listener, knowledgeable, good 
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    Abstract  

  In every domain of medicine, decisions are continuously being made 
about patients’ diagnosis and management. Arguably, decision making is 
the most important aspect of a patient’s care and the most likely to affect 
their safety, yet physicians generally do not receive comprehensive train-
ing in this basic skill. In this chapter, dual process theory, the dominant 
model of clinical decision making, is reviewed. The two basic modes of 
decision making are  intuitive  and  analytical . The properties of the two 
systems are discussed, as is their dynamic relationship with each other in 
the operating characteristics of the model. 

 Many of the requirements for improving decision making can be found 
in the burgeoning literature on critical thinking. Signifi cant gains in deci-
sion making skills can be made by teaching the basics of decision making 
within a critical-thinking framework and by thoroughly understanding the 
nature and extent of cognitive and affective biases and how to mitigate 
them. There remains an overarching need for research in clinical decision 
making that is relevant to the clinical settings and conditions under which 
decisions are made.  
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communicator, team-player, empathic, good 
decision maker, professional manner, strong ethi-
cal values? Imagine again that if you can only 
select two, which would they be? Although the 
qualities listed are all important, most of us 
would probably opt for someone who was both 
knowledgeable and a good decision maker. These 
two seem to provide the absolute basic require-
ments for someone who is going to give you the 
best chance of having your family members cor-
rectly diagnosed and appropriately managed. 

 For graduates of accredited medical schools, 
we can reasonably assume that their knowledge 
base is suffi cient. Most schools cover the funda-
mentals and examine their graduates for compe-
tence at stages along the way. Graduates will 
have been required to pass National and Board 
examinations that exhaustively test their knowl-
edge. Further, they will have access to various 
online resources that provide access to the best, 
up-to-date medical evidence. But what guaran-
tees would you have that you have also selected a 
good decision maker, someone who has been 
trained to reason effectively and make best deci-
sions? The answer, unfortunately, is that you 
would have none. 

 Few, if any, medical schools offer a compre-
hensive course in decision making. Excellent 
material for rational decision making is usually 
available [ 1 ], but basic instruction about intuitive 
decision making is virtually non-existent. This 
lack is worrying because psychologists tell us 
that we make most of our decisions intuitively [ 2 , 
 3 ]. Unless something about the medical mind is 
different, the sad truth is that we are not explicitly 
teaching doctors the properties of intuitive think-
ing and the decision making that goes with it. To 
put it bluntly, we are seriously short-changing 
trainees in, arguably, their most critical skill—
how to make safe and reliable decisions. 

    Decision Making 

 Historically, doctors have been largely responsi-
ble for generating their own approaches to clini-
cal decision making. The teachings of renowned 
clinicians, such as William Osler, Zachary Cope, 

Ernest Codman, and others have been followed, 
and their principles, aphorisms, caveats, and 
maxims have been passed down through succes-
sive generations of mentors and teachers and 
remain infl uential today. However, this tradition 
spans only a few generations. Of necessity, these 
teachings were based on the brutal lessons of 
clinical trial and error and, until recently, no spe-
cifi c effort was made to explicitly teach decision 
making. Instead, it was acquired more tacitly 
through observation, mimicry, osmosis, or some 
other means but not deliberately or systemati-
cally. It now seems odd that clinical skill in deci-
sion making—clinical acumen as it was 
known—was such a highly prized skill but 
attracted so little research interest. 

 In recent years, decision making has been 
approached scientifi cally, largely through the 
efforts of cognitive psychologists. Cognitive psy-
chology deals with human thinking, reasoning, 
and decision making. It is defi ned by the American 
Psychological Association as: “the study of higher 
mental processes such as attention, language use, 
memory, perception, problem solving, and think-
ing” [ 4 ]. However, the theoretical basis of much of 
what cognitive psychologists do lies outside the 
remit (and interest) of most practicing clinicians; 
nevertheless, we can at least borrow from the 
major fi ndings of the fi eld. One of these theories, a 
basic model of decision making termed “dual 
 process theory,” has emerged as the dominant 
model for decision making. However, it is more 
than a model. Professional consensus and con-
verging lines of evidence from neuroanataomy, 
neurology, neurophysiology, genetics, cognitive 
psychology, sociology, and philosophy support the 
view that the human brain has two distinct types of 
processes [ 5 ]. Through functional magnetic reso-
nance imaging studies, the anatomical loci for the 
two processes in the brain are now known [ 6 ].  

    Dual Process Decision Making 

 The two principal modes of decision mak-
ing,  automatic  and  controlled , were origi-
nally described by Schneider and Shiffrin over 
35 years ago [ 7 ] and are now commonly referred 
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to as  intuitive  and  analytical , respectively. 
Psychologists see intuitive decision making 
driven by “Type 1” or “System 1” processes and 
analytical reasoning by “Type 2” or “System 2” 
processes (Table  33.1 ).

   A variety of approaches to decision making 
and reasoning have been proposed, but most are 
compatible with this dual process model [ 5 ]. The 
fi rst application of the model in medicine appears 
to have been made by Dawson [ 8 ], and has since 
been adopted as a universal approach to clinical 

decision making (CDM) [ 9 ] (Fig.  33.1 ). The 
model is relatively straightforward and can be 
easily taught.

       Type 1 Decision Making 

 As soon as one sees, smells, hears, tastes, or feels 
anything, the brain’s automatic and initial 
response is to try to match it to a familiar pattern. 
These patterns may be hard-wired or acquired 

 Property  Type 1 processes  Type 2 processes 

 Decision making  Intuitive  Analytical 
  Heuristic   Normative 
  Associative   Deductive 
  Concrete   Abstract 

 Proportion of cognitive time  High  Low 
 Awareness  Low  High 
 Automaticity, refl exivity  High  Low 
 Speed of response  Fast  Slow 
 Effort required  Minimal  Considerable 
 Resource cost  Low  High 
 Vulnerability to bias  Yes  Less so 
 Errors  Common  Few 
 Affective involvement  Often  Less so 
 Importance of context  High  Low 
 Hard-wired  Sometimes  No 
 Able to be overridden  Yes  Yes 

  Metacognition   Impulsivity 
  Mindfulness   Mindlessness 
  Decoupling   Dysrationalia 

  Table 33.1    Properties 
of Types 1 and 2 decision 
making processes  
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  Fig. 33.1    The dual process model of decision making. The multiple  arrows  shown for Type I processing indicate dif-
ferent subgroups. Many Type 1 decisions will be acted upon without calibration       
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through experience. If a matching pattern can be 
found, an automatic response results, and Type 1 
processing occurs. Importantly, it is refl exive and 
subconscious. We can make decisions and act on 
Type 1 output, but we do not deliberately reason 
in Type 1. Stanovich refers to these processes as 
The Autonomous Set of Systems [ 10 ]. In medi-
cine, it is the system that delivers the  augenblick  
(“moment of an eye”) response—when a pattern 
of symptoms or signs presents itself and the clini-
cian refl exively makes the diagnosis [ 11 ]. Often, 
the diagnosis is correct, especially for highly 
pathognomonic cases, but trusting completely in 
such spot diagnoses can be dangerous. The emi-
nent surgeon, Cope, observed: “Spot diagnosis 
may be magnifi cent, but it is not sound diagnosis. 
It is impressive but unsafe” [ 12 ]. 

 Most of our decision making occurs in Type 1. 
Psychologists say that we spend about 95 % of our 
waking lives there [ 2 ], and mostly it serves us well. 
Type 1 processing includes creativity, imagination, 
inspiration, romance, and other activities vital for 
life. The necessity for Type 1 has been succinctly 
and elegantly described by Smallberg [ 13 ]. Most 
importantly, prevailing dispositions (or biases) to 
respond to salient features of the environment in 
predictable ways saves us from having to re-invent 
every wheel in our lives. These biases give us the 
ability to perform a wide variety of simple to com-
plex acts automatically, allowing us to achieve 
much of what needs to be done through serial asso-
ciations [ 14 ]. However, as Denes-Raj and Epstein 
note (referring to Type 1 as the experiential system): 
“Although experiential processing is highly effi -
cient and adaptive in most circumstances, in other 
circumstances it is error-prone and a source of mal-
adaptive biases” [ 15 ]. Such bias, notes Smallberg, 
“is the thumb that experience puts on the scale” 
[ 13 ]. In short, we cannot live without Type 1 pro-
cessing, but we must be vigilant when we use it.  

    Type 2 Thinking 

 If the sensory input is not matched with any exist-
ing pattern, we default to Type 2 thinking. Now, 
we seek to understand the stimulus in a con-
scious, deliberate, rational manner, generating 

and testing hypotheses. This is a more reliable 
way of making decisions and generally results in 
fewer errors. It is rational and therefore follows 
the laws of logic and science but it can still be 
seen as a form of pattern matching. Fundamentally, 
scientifi c enquiry represents an effort to make 
sense of and fi nd patterns in data. Clinicians who 
follow the rules of science, logic, rationality, and 
critical thinking get the most out of Type 2 pro-
cessing. Clinicians who do not may expose them-
selves—and their patients—to peril. Importantly, 
cognitive debiasing depends upon Type 2 think-
ing—the means by which we can mitigate bias in 
decision making. However, Type 2 thinking is 
time-consuming and resource-intensive; neither 
is it completely error free. Healthcare leaders, for 
example, may rationally deliberate and decide on 
policies that turn out to be fundamentally fl awed. 
When error does occur in Type 2 thinking, the 
consequences may be far-reaching.  

    Expertise 

 It is important to know how the Dual Process 
Model deals with the development of expertise. 
In its simplest form, this process can be depicted 
as the acquisition of a habit or skill by repeated 
presentations to Type 2 processing where eventu-
ally the response is relegated to Type 1 process-
ing (Fig.  33.1 ). Consider for example learning 
the skill of intubation. Initial efforts at intuba-
tion, usually on a mannequin, require holding a 
strange instrument in the non-dominant hand and 
attempting to visualize an anatomically indistinct 
area to which an endotracheal tube needs to be 
directed with the dominant hand. It is a complex, 
visual-motor-haptic skill that takes many repeti-
tions to accomplish smoothly and become what 
is often a life-saving maneuver in real patients. 
With experience comes expertise, depicted in 
pathway A of Fig.  33.2 . However, as with many 
skills, some become better than others, and expe-
rience does not always lead to expertise. Pathway 
B represents someone who has become experi-
enced through multiple repetitions of the behav-
ior but who has not become expert, perhaps from 
poor instruction, a poor learning environment, 
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or through other factors [ 16 ]. In the longer term, 
there is some evidence that as physicians age, 
they will spend less time in Type 2 and more in 
Type 1 thinking.

       The Executive Override Ability 

 Several more properties of the model need to be 
explained. Although Type 1 processes are refl ex-
ive, this does not mean that the decision maker is 
unaware of them or that they cannot be changed. 
Say, for example, a middle-aged patient presents 
to an emergency department with fl ank pain, vom-
iting, and hematuria. The physician’s immediate 
response may be that the patient has a kidney 
stone; an  augenblick  diagnosis based on an 
extremely familiar pattern. But the physician does 
not need to commit to it. He can observe his own 
response and may be reminded that he saw a case 
presented at morbidity and mortality rounds 
recently where a patient had similar signs and 
symptoms but was undergoing abdominal aortic 

dissection. His Type 2 thinking therefore overrides 
the initial Type 1 response, resulting in purposeful 
thinking to exclude other diagnoses. This check is 
referred to as  executive override , also known as 
refl ective thinking, mindful practice, and metacog-
nition; it is also the basis for cognitive debiasing 
discussed below. After the override, the clinician 
may return to Type 1 thinking for more inspiration 
or might establish a differential diagnosis and sys-
tematically work through the options.  

    Irrational Decision Making 

 Type 1 processing can also override Type 2 think-
ing. Despite knowing the most rational thing to 
do in a particular situation, the clinician may do 
something else, often following his or her intu-
ition. For example, if a clinician assesses a patient 
with a neck injury and fi nds that the physical 
examination and mechanism of injury do not 
warrant a cervical radiograph according to pub-
lished decision rules but orders a radiograph 
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  Fig. 33.2    Acquisition of expertise ( a ) versus becoming an experienced non-expert ( b )       
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 anyway, he or she is overriding a well researched 
rule with usually high sensitivities that would 
probably outperform his or her decision making 
on most days. Stanovich refers to this Type 1 
override of Type 2 as  dysrationalia  [ 17 ]. 
Historically, it is also known as  akrasia  [ 18 ], 
 irrational  behavior,  dysfunctional  decision mak-
ing, or  weakness of will  [ 19 ,  20 ]. Road rage, 
binge eating, drinking to excess, gambling, and a 
variety of other human behaviors are vivid exam-
ples in everyday life.  

    Dynamic Calibration of the Two 
Systems 

 In many schematic presentations of the dual pro-
cess model, there is a start point at which the initial 
stimulus is presented and an end point at which a 
decision is made. Thus, the model appears linear. 
However, an important feature is that the model 
is inherently dynamic. The fi rst point, already 
mentioned, is the executive override junction. 
A transition from Type 1 to 2 processing is 
accomplished, which may then result in a return 
to Type 1 and perhaps reactivation of Type 2. This 
exchange can be thought of as a “toggle function” 
that allows for dynamic oscillation between the 
two types. There has been debate about whether 
Type 1 and Type 2 processing are on a continuum 
or whether they toggle back and forth [ 21 ], but 
the consensus is that the two types are parallel and 
distinct from each other. 

 The fi nal part of the model is a calibration 
junction. The mark of a well calibrated thinker is 
the ability to balance the right blend of intuition 
and analytical reasoning in decision making for a 
particular situation.  

    The Cognitive Miser Function 

 The brain generally seeks to conserve energy. It 
can do so by defaulting to Type 1 processing 
where very little effort is required to keep the 
cognitive wheels turning. The evolutionary 
imperative for this conservation is related to the 
brain’s metabolic demand for 20 % of resting 

metabolic energy, despite comprising only 2 % of 
total body weight. In our ancient past, when calo-
ries were hard to come by, those who conserved 
energy had a selective advantage and were more 
likely to get their genes into the next generation. 
In modern times, several phenomena are associ-
ated with cognitive miserliness. For example, the 
prevailing tendency is to resist change, preserve 
the status quo, and avoid the uptake of new infor-
mation, all of which require Type 2 thinking. One 
of the reasons for not dealing with decisions in 
Type 2 thinking, notes Kahneman, is that it 
requires cognitive effort [ 14 ]. 

 There is an overwhelming tendency to revert 
to Type 1 decision making, becoming what Pink 
Floyd called “comfortably numb,” or as the 
Foundation for Critical thinking describes it, 
“living an unexamined life … in a more or less 
automated, uncritical way” [ 22 ]. An example is 
given in Fig.  33.3 , which shows a side-view of a 
school bus, and the question is: Which direction 
is the bus travelling? Most people, seeing the 
symmetrical fi gure, conclude that it is impossible 
to say which direction the bus is travelling, yet 
preschoolers usually get it right and say the bus is 
going left. Their reason, which escapes most 
adults, is they cannot see the entry door (if they 
live in a country where you drive on the left side 
of the road, the direction of the bus is to the right). 
For the preschooler, the door is extremely impor-
tant for getting on the bus, but adults who are too 
far removed from the problem and reluctant to 
make the cognitive effort to solve the problem 
will fail. Under various conditions (fatigue, sleep 
deprivation, cognitive overload, and negative 

  Fig. 33.3    Cognitive miser function. In which direction is 
the bus travelling? There are two possible answers: left or 
right       
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moods) there is an increased tendency to default 
into Type 1 processing [ 23 ] and take the path of 
least resistance.

       Individual Differences in Decision 
Making 

 Medical educators assume, perhaps naively, that 
there is a greater consistency among decision 
makers than probably exists and, given some 
basic variance, there is a reasonable degree of 
rational, logical, and intellectual homogeneity 
in a medical class. Thus, if a particular topic is 
adequately covered, the decision making perfor-
mance of the class should be reasonably predict-
able. However, in practice, things may turn out a 
little differently. We tend not to acknowledge that 
sex, age, intellectual ability, rationality, personal-
ity, and other individual characteristics may all 
substantially infl uence people’s decisions [ 24 ]. 
Further, individual decision making is infl uenced 
by discipline-specifi c training; a process that may 
result in a predictable distortion of the way in 
which clinicians will see the world.  

    The Importance of Context 
and Ambient Conditions 

 Decisions are not made in isolation; each has 
some sort of context [ 25 ]. Decision making typi-
cally involves detecting a signal and distinguish-
ing it from interference or noise; signals rarely 
arise without some noise attached to them. Noise 
is not simply acoustic, it may occur in any of the 
fi ve senses and infl uence perception. Hogarth’s 
“wicked” environments [ 15 ] typically have 
marked amounts of noise that interfere with the 
ability to accurately interpret particular signals. 
This concept must be considered in any process 
that examines decision making out of context. 
A good example is morbidity and mortality 
rounds. Although they provide some of the best 
clinical learning opportunities, the signal is typi-
cally separated from the context in which it was 
originally perceived, and most of the surrounding 
context is usually lost. A further complication is 

that the outcome is usually known and, through 
hindsight bias, may distort our perception of the 
original decision making. Further, the impact of 
fatigue, sleep deprivation, sleep debt, dysphoria, 
cognitive overloading, interruptions, distractions, 
and other factors that infl uence decision making 
are rarely considered and diffi cult to assess, once 
the original environment is left. Critical incident 
reviews and root-cause analyses, always per-
formed after the fact, suffer similar shortcomings 
as well as memory failures.  

    Cognitive Failure 

 A variety of factors lead to cognitive failure in the 
individual decision maker: cognitive and affec-
tive biases, reasoning failures, knowledge defi -
cits, and others. Cognitive laziness is uncommon 
in medicine, but certain conditions may lend 
themselves to slipping into the cognitive miser 
mode. Mindlessly adopting various strategies to 
conserve thinking effort can lead to problems: 
failure to do a thorough history and physical 
exam, accepting biased or gratuitous comments 
from others, accepting verbatim the information 
given at handover, cutting and pasting someone 
else’s history and physical, deferring to authority 
without question, adopting a non-skeptical atti-
tude, and many others. Healthcare providers can-
not afford to be comfortably numb when patient 
care is at stake. By far the most important prob-
lem, however, appears to be the infl uence of cog-
nitive and affective bias on decision making.  

    The Bias Problem 

 A universal feature of human decision mak-
ing is its vulnerability to bias. Over a 100 cog-
nitive, affective, and social biases have been 
described [ 26 – 30 ]. According to the Foundation 
for Critical Thinking: “Everyone thinks; it is our 
nature to do so. But much of our thinking, left 
to itself, is biased, distorted, partial, uninformed, 
or down- right prejudiced. Yet the quality of our 
life and that of what we produce, make or build 
depends precisely on the quality of our thought… 
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Excellence in thought, however, must be sys-
tematically cultivated” [ 31 ]. These problems in 
thinking are compounded by clinicians being 
unaware of the many biases that affect their deci-
sion making, a condition known as “blind spot” 
bias. Several other biases may impede optimal 
decision making (Table  33.2 ). Bias should be 
considered a normal operating characteristic of 
the human brain – biases are everywhere and 
have the potential to infl uence almost every deci-
sion we make [ 32 ].

   As noted earlier, two major issues in medical 
decision making affect outcome: the knowledge 
base of the decision maker and how critically the 
decision maker thinks. Again, most medical 
school curricula cover the rational aspects of deci-
sion making well—specifi cities, sensitivities, 
likelihood ratios, probability theory, and so forth 
are reasonably well covered [ 1 ]. However, physi-
cians spend most of their cognitive time in Type 1 
processing and are, therefore, vulnerable to the 
biases and other distortions that reside there. For 
physicians to believe that they are not vulnerable 
to bias is blind optimism at best and sheer arro-
gance at worst. Within the last decade, however, 
several disciplines have acknowledged the impor-
tance of cognitive biases and their impact on clinical 
reasoning: Anesthesia [ 33 ], Dermatology [ 34 ], 
Emergency Medicine [ 35 ], Medicine [ 26 ,  36 ], 
Neurology [ 37 ], Obstetrics [ 38 ], Ophthalmology [ 39 ], 
Pathology [ 40 ,  41 ], Pediatrics [ 42 ], Psychiatry [ 43 ], 

Radiology [ 44 ], Surgery [ 45 ], as well as specialty 
environments such as Intensive Care Units [ 46 ], and 
also Dentistry [ 47 ].  

    De-biasing in Decision Making 

 Given that bias has been repeatedly identifi ed as 
a major problem in decision making, the obvious 
answer would be to fi nd ways to debias clini-
cians. Cognitive psychologists began work on 
debiasing over 30 years ago with Fischoff’s clas-
sic work [ 48 ]. His conclusion—that debiasing is 
not easy—has been the prevailing experience 
with researchers since; it does appear to be 
extraordinarily diffi cult. Given that intuition 
works reasonably well most of the time, and 
given the general inertia against doing the addi-
tional work in Type 2 required to overcome bias, 
the conclusion is not altogether surprising. Not 
only are we hard-wired to react to things in set 
ways, but cognitive habits, once established, are 
diffi cult to change. When effective strategies did 
not immediately present themselves, a general 
mood of pessimism appears to have settled in. 

 More recently, renewed efforts may be leading 
to more positive results. Besides the publication 
of numerous articles in major journals, several 
books have appeared by notable cognitive scien-
tists, neurologists, and others on the  working of 
the human brain, its fallibility, and suggestions 

   Table 33.2    Impediments to the awareness and understanding of cognitive biases in clinical judgment   

 Impediment  Effect 

 Lack of perceived 
clinical relevance 

 Medical undergraduates are not explicitly exposed to cognitive training in decision making. 
Historically, this area has not been seen as relevant to clinical performance and calibration 

 Lack of awareness  Although the lay press has heavily promoted the impact of cognitive and affective biases on 
everyday decision making, clinicians are generally unaware of their potential impact on 
medical decision making 

 Invulnerability  Even where awareness does exist, physician hubris, overconfi dence, and lack of intellectual 
humility may deter them from accepting that they are just as vulnerable as others to biased 
judgments 

 Status quo bias  It is always easier for clinicians to continue to make decisions as they have done in the past. 
There is a prevailing tendency against learning de-biasing strategies and executing them, 
given the additional required cognitive effort and time 

 Vivid-pallid 
dimension 

 Cognitive and affective processes are mostly invisible and, at present, can only be inferred 
from outcomes or the clinician’s behavior. Descriptions of them are invariably abstract and 
uninteresting. They typically lack the vividness and concrete nature of clinical disease 
presentations that are far more meaningful and appealing to the medically trained mind 
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for improving it [ 14 ,  16 ,  49 – 55 ]. There is wide-
spread interest in the popular literature; more 
than 30 books have appeared on the subject in the 
past decade [ 56 – 67 ]. These books have not only 
drawn attention to the fallibility of decision mak-
ing, they have also suggested various strategies 
for overcoming bias. 

 Cognitive psychologist Keith Stanovich has 
examined the theoretical basis of de-biasing in 
considerable depth [ 68 ]. First, he proposes that 
Type 2 (analytical) processing occurs on two lev-
els: the  algorithmic  mind and the  refl ective  mind. 
The algorithmic mind is associated with “fl uid 
intelligence,” known as Gf, which is that feature 
of general intelligence that provides the capacity 
to think logically and to solve problems in novel 
situations without necessarily having specialized 
learning about the topic. A critical feature of such 
thinking is the ability to suppress automatic 
responses in the intuitive mode by decoupling 
from it; this is the executive override function. It 
is what makes possible both inductive reasoning 
(the logic of experience) and deductive reasoning 
and is especially applicable to scientifi c and tech-
nical reasoning. 

 However, Stanovich proposes further that 
overall monitoring of the need to decouple resides 
at the second level of Type 2 processing, the 
refl ective mind. Measurable thinking disposi-
tions at this level use situational cues to detect the 
need to override the biased response and to 
 sustain its inhibition (cognitive decoupling) 
while looking for and testing alternative solu-
tions. These solutions must of course have been 
learned and stored in memory as declarative 
knowledge and strategic rules that are referred to 
as  mindware ; these require “crystallized intelli-
gence,” or Gc. De-biasing involves having both 
the correct mindware to substitute for a biased 
response and the thinking dispositions that are 
able to trigger overrides of Type 1 processing. 

 Stanovich has also provided insight into Type 
1 processes by deconstructing them into four 
subgroups: (1) those that are hard-wired and 
derived from our ancient evolutionary past; (2) 
those based in our emotions; (3) those that origi-
nate from implicit learning; and (4) those that are 
over-learned. These subgroups are important in 

that future research might show that each may be 
matched to different debiasing strategies. 

 Three recent articles in the medical literature 
provide a foundation for tackling debiasing head 
on. The fi rst is an extensive review of the psycho-
logical factors that underpin diagnostic error 
[ 69 ], which has an estimated rate of about 15 % 
in medicine [ 70 ], much of which is attributed to 
psychological factors underlying fl awed decision 
making, as opposed to knowledge defi cits. The 
other two are companion papers that fi rst describe 
the theoretical basis of cognitive debiasing and 
then outline a range of strategies with the poten-
tial to achieve it [ 71 ,  72 ]. Hopefully, these papers 
will ignite further interest in debiasing in medical 
decision making and stimulate much-needed 
clinically relevant research. 

 Thus far, several broad conclusions can be 
drawn from these reviews: (1) the overall level of 
awareness about bias and the need for debiasing 
needs to be raised; (2) debiasing is not easy; (3) 
different strategies are likely needed for particu-
lar biases;(4) multiple debiasing interventions 
will probably be required; and (5) lifelong main-
tenance of skills will be necessary.  

    Critical Thinking 

 An important question all clinicians should ask 
themselves is: how do I become a better decision 
maker? From the foregoing discussion, it seems 
clear that a knowledge of the decision making 
process and an understanding of the contextual 
conditions that may compromise it, the personal 
variables that may infl uence it, the inevitable 
biases that infl uence it, and the imperative for 
debiasing are all important considerations. Given 
our overall goal to improve reasoning, problem 
solving, and decision making, it would make sense 
to embed them within an overall cognitive frame-
work. The appropriate choice is critical thinking. 
It has been defi ned as: “the ability to be in control 
of one’s thinking. It includes the ability to con-
sciously examine the elements of one’s reason-
ing, or that of another, and evaluate that reasoning 
against universal intellectual standards— clarity, 
accuracy, precision, relevance, depth, breadth, 
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and logic. It also involves the structured examina-
tion of sources of information” [ 73 ]. 

 Some believe that critical thinking requires 
exceptional intelligence and that one needs to 
be an Einstein to accomplish it. This is a mis-
conception. Critical thinking skills can be taught 
across the intellectual continuum and are easily 
shown to improve reasoning and problem solv-
ing. Like other skills, they can be coached and 
will improve with practice. In several studies, dif-
ferent groups of students showed marked gains in 
critical thinking after specifi c training in the topic 
[ 74 – 77 ]. These results reinforce the widely held 
view that many of us do not use our full capacity 
for critical thinking; that the prevailing tendency 
is to do enough to get by. The cognitive miser 
function will suffi ce for most routine decisions 
of everyday life, and there is often little incen-
tive to invest more cognitive effort than appears 
necessary. Because many clinicians are unaware 
of their biases and prejudices, they blissfully 
continue in a state of cognitive mindlessness or 
“comfortable numbness” [ 3 ]. Even when this 
decision mode fails them, they may still lack the 
insight to understand why. 

 Much interest has developed in critical 
 thinking in recent years. The conclusion from 
a 2006 meta-analysis of 29 studies in second-
ary education found that teaching thinking skills 
was the single most effective intervention in 
improving reasoning and problem solving skills 
in children between 5 and 16 years old [ 78 ]. 
The overall effect size of the intervention was 
impressive: the equivalent of moving an average 
student (at the 50th percentile) up to the 26th 
percentile. The age range studied covers a period 
when critical thinking ability is rapidly increas-
ing in a linear fashion [ 79 ]. From Denney’s data 
[ 80 ], the ability appears to plateau between 
ages 20 and 50 years and to slowly decline over 
the next 30 years. Thus, there is no basis for 
believing that that it is too late to teach critical 
thinking in medical school, or in postgraduate 
training, because the opportunity has passed; 
that is, there does not appear to be a window 
or critical period for the acquisition of critical 
thinking skills. In healthy people, the acquisi-
tion and maintenance of critical thinking can be 
a lifelong habit. This is an issue that  medical 

educationists and faculty should address in the 
design of curricula for the future.  

    Studying Clinical Decision Making 

 Science typically improves our understanding of 
processes by breaking them down into their com-
ponent parts and subjecting them to experimental 
scrutiny. Such reductionism usually improves 
control of both dependent and independent vari-
ables and may minimize or eliminate the infl u-
ence of extraneous variables. This situation often 
is achieved, perforce, in laboratory settings. 
Historically, the experimental study of critical 
decision making (CDM) has taken insuffi cient 
account of the inherent complexity of the process 
[ 81 ]. Isolating the dependent variable, that is, 
CDM, to study one or two independent variables 
essentially strips away the context, much like the 
study of the structure of a molecule of cholera 
toxin during a cholera epidemic [ 82 ]. It seems 
that, in the process of studying CDM, the baby 
sometimes gets thrown out with the bathwater. 

 Although experimental psychology methods 
have thrown considerable light on the study of 
affective and cognitive biases, they have lent 
themselves less well to the study of CDM. What 
typically remains of CDM after most of the inde-
pendent and extraneous variables are removed 
may bear little relation to the actual process 
itself. Oncologists faced with making the best 
treatment decision will consider the patient’s 
stage of illness, age, co morbidities, and other 
factors for selecting an option. This procedure is 
how many see the decision making process; a 
quantifi ed, carefully considered decision in the 
cold light of day. However, this idealized deci-
sion procedure is far removed from that of a 
fatigued pediatric intensivist who has just dealt 
with the diffi cult death of a patient in the early 
hours of the morning and is now confronted with 
a new emergent situation in which other patients 
and priorities may be involved. Ultimately, what 
is needed is a combined approach in which 
reductionist methods are used to generate data 
and hypotheses that have testable ecological 
validity and can be meaningfully applied in the 
clinical setting. 
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 At the end of the day, ways and means to 
effectively study how to improve the judgment of 
medical professionals will be found. However, 
with the number of deaths annually in the US due 
to diagnostic failure estimated at 40,000 – 80,000, 
this goal is no longer an option for medical edu-
cators, it is an imperative [ 83 ].  

    Conclusions 

 In recent years, clinicians have come to appre-
ciate the importance of CDM, and much has 
been learned about it. The dual process model 
has been helpful in understanding the multiple 
and complex processes of CDM. Awareness is 
also increasing of the importance of individual 
factors, context, and ambient conditions in 
decision making, as well as of the need to con-
sider these factors when devising experimen-
tal methods so that fi ndings have clinical 
relevance and meaning. Critical thinking 
appears to provide the most appropriate cogni-
tive scaffold on which CDM can go forward.     
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    Abstract  

  This chapter is intended to provide a common language to enable both medi-
cal and design professionals to improve their dialog and collaborative work 
processes when designing pediatric cardiac care settings. This approach will 
help provide knowledge that can be applied to new construction or renovation 
of cardiovascular operating rooms and cardiac catherisation laboratories. It is 
not uncommon during the course of healthcare facility design for numerous 
people to use common terms that have different meanings for each person and 
community, and then be surprised to later discover that their conversations 
were about different meanings that led to a different understanding and 
mindset. 

 Within the context of this chapter, the term “hybrid (surgical) room” is 
used to describe a procedure room designed and intended for either 
“open” or “closed” procedures, or both. They may be built for use by 
specifi c sub- specialists, or they may be shared by diverse users. This is a 
prime example of the necessity to clarify the operational, technological, 
cultural and political strategies explicitly prior to design inception and 
master planning. 

 This chapter is not only about architectural design and planning, although 
that is its primary focus. Its underlying message is that the design of cardio-
vascular surgical procedure rooms or suites – regardless of how innovative 
they are or how much advanced medical technology they contain – will 
likely only be successful if they are closely aligned with the evolving 
changes in models of care, medical practices, local culture, politics and a 
concern for safety and high reliability of care. Cardiovascular spaces must 
also be designed with strategies that enable them to constantly evolve and be 
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        The Impact of the Built 
Environment 

 The surgical space, by its nature, is a high-risk 
environment where hazards lurk around every 
corner and for every patient. The patients who 
come to surgery are generally among the sickest 
and at more advanced stages of disease. The very 
act of treatment involves interventions that are 
often considerably invasive with vigorous and 
unpredictable physiologic responses. The level of 
complexity, both in task-oriented and cognitive 
demands, results in a dynamic, unforgiving envi-
ronment that can magnify the consequences of 
even small lapses and errors [ 1 ]. 

 Surgical processes and safety are infl uenced 
by numerous factors including surgical work-
fl ow, clinical competence, cultures of teamwork, 
organizational structure and attributes of the built 
environment. Together, these variables interact in 
an an highly coupled system in which variations 
in any one will infl uence the entire system. While 
this chapter focuses explicitly on the built envi-
ronment – design and construction of surgical 
suites and operating rooms (ORs) – one should 
consider that design alone cannot overcome 
insuffi ciencies of the other essential variables. 
Improper design, however, can detrimentally 
compromise clinical excellence. It can compli-
cate work fl ow that might otherwise be optimal 
and it can introduce additional risk into an other-
wise safe culture [ 2 ]. 

 Another consideration of the built environ-
ment is its relatively static nature. Compared to 
medicine with its continuous rapid evolution and 
transformation, the walls, fl oors and ceilings of 
the surgical suite are stationary. Surgical pro-
cesses change in parallel as best practices evolve. 
New clinical techniques can be implemented 
by decision; by establishing new protocols and 
subsequent behaviors. In contrast, changing the 
physical environment is more challenging; it 
requires capital investment, disruptive renovation 
and adequate space (an often rare commodity). 
Thus, an initially well-designed surgical envi-
ronment can quickly become outdated. As such, 
work fl ow can erode and safe practices can 
become compromised. As time goes by in which 
clinical practices continue to evolve but the phys-
ical environment does not, the detrimental impact 
of this discrepancy can become increasingly sig-
nifi cant. For this reason, the design of surgical 
environments requires strategies for long-term 
fl exibility, including setting aside undifferenti-
ated spaces in addition to strategies for effi cient 
work fl ow and improved safety.  

    Risk Management of Cardiovascular 
Surgical Procedure Rooms 

 Safe outcomes in cardiovascular surgical pro-
cedure rooms have been linked to several vari-
ables including institutional and surgeon-specifi c 

 prepared for future changes in care models and technology requirements. 
Traditional boundaries – both physical and virtual – between surgical and 
non-surgical specialists, as well as within surgical and interventional sub-
specialties are eroding with the emergence of hybrid interventionalists. 

 The chapter encourages the development of a new design ethos and prac-
tice to be considered: one in which the commonalities – instead of the differ-
ences – of traditional surgical and interventional environments form the 
building blocks of facility design for tomorrow’s cardiovascular procedures.  

  Keywords  
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 volumes, complexity of cases, and systems design 
[ 3 ]. Interventions and change risk strategies how-
ever, have had some impact but not enough has 
been done to accommodate the necessary impact 
on cardiovascular surgery outcomes. This may 
be attributable to a lack of appreciation of the 
evidence about human factors in cardiovascu-
lar surgery, including a poor understanding of 
the complexity of interactions between physical 
design, technical task, stressful cardiovascular 
settings especially in the pediatric setting, rigid 
staff hierarchies, lack of time to brief and debrief, 
and resistance to change [ 4 ]. 

 Technical skills [ 5 ] are fundamental to good 
outcomes but non- technical factors also impact 
signifi cantly on individual and team perfor-
mance and patient outcomes [ 6 ]. The nature of 
these interactions has only been recently studied, 
and these lessons have yet to be applied to the 
design of cardiovascular procedure rooms [ 7 ]. 
Understanding the impact of design and its rela-
tionship between recognized human factors, such 
as teamwork (e.g., cooperation, collaboration, 
etc.), fatigue, organizational dynamics, authority 
gradients, shift work and task performance, that 
infl uence the effectiveness of surgical teams in 
charge of pediatric cardiac surgery is needed [ 8 ]. 

 High reliability – or consistent performance 
at high levels of safety over long periods of 
time – is a hallmark for non-health, high-risk 
industries such as aviation and nuclear power 
[ 9 ]. In the face of health reform and increased 
market competition moving to high reliability 
requires adopting and supporting a ‘culture of 
mindfulness’ in understanding the relationship 
and synergy of a variety of organizational risk 
factors and their effect on producing patient 
harm and ineffi ciency. 

 In addition to the overarching atmosphere of 
collective mindfulness, high-reliability organiza-
tions have two other features in common. First, 
after organizations identify potential defi ciencies in 
safety processes, they eliminate these defi ciencies 
through the use of robust process improvement 
methodologies to improve their processes. Second, 
the organizations rely on a particular organizational 
culture to ensure the performance of improved 
safety processes over long periods of time and to 

remain constantly aware of the  possibility of fail-
ure. This is often referred to as a safety culture [ 10 ].  

    Surgical Work Flow Considerations 

 Surgical work fl ow throughout the surgical suite 
(intra-departmental work fl ow) and within the 
surgical operating room (intra-room work fl ow) 
is uniquely infl uenced by the surrounding physi-
cal environment. Often, two potentially opposing 
goals are in play: one is to maximize throughput 
and increase fi nancial benefi ts, by increasing the 
number of procedures per operating/procedure 
room per day or per year; the other, is to perform 
all activities with minimal risk and at the highest 
standard of care with excellent clinical outcomes. 
A well designed facility should support both 
goals without compromising the other goals. 

    Intra-departmental Work Flow 

 Intra-departmental work fl ow is infl uenced by 
key adjacencies, such as travel distances between 
preoperative beds, operating rooms and the post 
anesthesia recovery unit (PACU) or intensive 
care unit (ICU); whether the entire surgical suite 
is on one contiguous fl oor of the building or on 
separate fl oors; and, the distance and physical 
relationship (e.g. horizontal versus vertical) 
between operating rooms and central sterile pro-
cessing functions. Work fl ow to and from the 
ICU and central sterile processing may be con-
sidered inter-departmental if those areas are run 
as departments separate from surgery. 

 One operational concept that varies consider-
ably across both geographic locations and clinical 
cultures is OR-adjacent induction versus in-room 
induction [ 11 ]. OR-adjacent induction (Fig.  34.1 ) 
is common in Europe, the United Kingdom and 
many Commonwealth Nations. This approach 
enables the patient to be anesthetized immediately 
outside the operating room and then transported 
into the adjoining operating room, thus potentially 
increasing throughput through simultaneous paral-
lel processing of related activities, such as patient 
induction and room set-up. Dedicated induction 
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rooms also have the potential benefi t of providing 
privacy and relaxing ambience that may increase 
patient satisfaction and comfort [ 12 ]. This is partic-
ularly important for pediatric surgery where parents 
can accompany their children into the induction 
room, a concept known as parent-present induc-
tion. Some critics however, suggest that transport-
ing an anesthetized patient including disconnecting 
from stable monitors, even a short distance, may 
introduce otherwise unnecessary risk factors.

   In contrast, in-room induction – com-
mon  throughout much of North America and 
Scandinavia – is designed for serial processing in 
which the patient is anesthetized in the operating 
room, after (rather than while) the operating room 
is being set-up. Compared to OR-adjacent induc-
tion, in-room induction generally requires less 
overall space because dedicated induction rooms 
are not needed, but case turn-over time is poten-
tially increased because induction cannot take 
place concurrently while the operating room is 
being set up. Some facilities designed for in- room 
induction for adult surgery, however, are designed 
for OR-adjacent induction for pediatric surgery. 

 What remains unclear is the impact of an 
induction room model on the whole surgical 
 process, its phases and delays between the phases, 
and the number of cases performed. Torkki et al., 
found that the mean non-operative time was 
reduced by 45.6 %, whereas the surgery time 
remained unchanged [ 13 ]. The time savings con-
tributed to the concurrent anesthesia induction 
and the cut down in delays between the phases. 
The new model allowed one additional case to be 
performed during a 7-h working day. The daily 
raw utilization of the surgical procedure room 
increased by 8.9 %. 

 The decision to choose one of the parallel 
workfl ow models that could be economically 
favorable will depend on several physical and 
organizational variables, such as:
•    The cost of the additional space and equip-

ment required to allow the parallel processing 
to occur;  

•   The utilization of the procedure room and 
induction room;  

•   The cost of each additional person, whether it 
be physician, nurse, or technician; and,  
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  Fig. 34.1    OR-adjacent Induction Room: Layout illustrating OR-adjacent induction rooms (often referred to as “anaesthesia 
rooms” (Used with permission from Stantec Architecture, Inc. ©2013 Stantec)       
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•   The duration of cases: short procedures bene-
fi t the most from individual induction rooms.    
 In contrast, if a surgery suite has longer cases 

with fewer turnovers, a single centralized induc-
tion room serving several multiple procedure 
rooms may be the way to go. 

 The revenues gained by parallel processing 
would need to offset any increased costs of per-
sonnel and loss of revenue producing procedure 
room spaces. Success for such parallel processes 
may be best achievable with a select patient pop-
ulation and a limited number of types of cases.  

    Intra-room Workfl ow 

 In contrast to intra-departmental workfl ow 
which is infl uenced by traffi c to and from the 
operating room, intra-room workfl ow considers 
various types of fl ow possibilities and limitations 
within the operating room. Variations to the built 
environment that most greatly infl uence intra-
room work fl ow include the number and location 
of doors into the operating room, how the fl ow 
of clean and soiled goods are (or are not) sepa-
rated as they enter and exit the space, how the 
surgical table is placed within the room, and the 
position and confi guration of medical and infor-
mation technology (IT) devices. Related, Lynch 
et al have showed that the number of OR door 
openings increases in direct proportion to case 
length, compromising the sterile environment 
of the operating room and increasing risk of 
mediastinal infections [ 14 ]. Young and O’Regan 
demonstrated that in 46 cases analyzed, there 
were 4,273 door openings recorded. The mean 
frequency of door openings per case was 92.9 
(45–205), with 19.2 (6.4–38.2) openings per 
hour. The theatre door was open for 10.7 % of 
each hour of operating. Door opening disturbs 
theatre airfl ow and results in increased air and 
wound contamination and may be a contributor 
to surgical mistakes [ 15 ]. 

 Functional zones within the operating room 
should be clearly delineated and the design team 
must understand the various processes (such as 
room set-up, patient transport, pre-operative 
preparation, surgical procedures, post-operative 

activities, room turn-over, and so forth) as well as 
the numerous personnel types (such as surgeons, 
nurses, anesthesiologists, perfusionists, imaging 
technologists, students fellow, residents, and so 
forth) that participate in the many procedures that 
the room will accommodate. In general, a room 
that has clear separation and delineation of sterile, 
circulating and anesthesia zones within the oper-
ating room (Fig.  34.2 ) should yield effi cient and 
effective intra-room work fl ow and accommodate 
a greater variety of procedure types. Specifi cally, 
consideration should be given to the ease of trans-
porting the patient into the room and loading 
them onto the surgical table without intruding 
into the sterile or anesthesia zones; ease of bring-
ing clean and sterile supplies into the room and 
placing them where they are needed without dis-
rupting other activities; and, the ease of emer-
gency access and egress during critical events.

   While numerous studies have examined causes 
of surgical errors, few focus on causation related 
to the built environment. One pilot study con-
ducted at the Medical University of South Carolina 
[ 16 ] examines how the design of a  cardiothoracic 
operating room can infl uence fl ow disruptions. 
While studying disruptions related to communica-
tions, environmental hazards, equipment failures, 
general interruptions, room layout and usability 
across pre-operative, peri-operative and post-
operative phases, the most frequent fl ow disrup-
tions were related to room layout. These occurred 
most often in the peri-operative phase and least 
often in the post-operative phase. Room design 
recommendations for the specifi c operating room 
that was studied include, “expand the anesthesia 
work space at the head of the table, expand space 
for perfusion between table and wall and/or elimi-
nate travel through area, swing entry doors out 
and/or relocate closer to the footwall of the room”. 

 While these recommendations apply to the 
particular design features of the specifi c room 
studied, one can apply general considerations of 
overall room size and confi guration, size and 
confi guration of internal room zoning, door 
placement and direction of swing, and placement 
and movement of equipment and devices to the 
design of most operating rooms. Careful consid-
eration should be given to the placement of 
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patient entry doors so that patient transport does 
not confl ict with anesthesia and sterile set-up. 
Similarly, circulating traffi c should enable sup-
plies to be brought directly to their primary places 
of use without passing through unrelated zones. 
Where possible, door leaves should not swing 
directly into areas of congestion or where disrup-
tion is most detrimental. The use of bypass or 
sliding doors in jurisdictions where they are per-
mitted may further reduce spatial confl icts and 
collisions. 

 Another suggested design feature is to orient 
nurse charting stations so the person doing the 
charting faces the area where the surgery is 
being conducted rather than facing the opposite 
wall. The charting station, however, should not 
adversely protrude into the room or circulation 

zones and corners of the workstation should be 
rounded. 

 Design for proper intra-room work fl ow can 
become increasingly complex for hybrid operat-
ing rooms or other surgical rooms where the 
often opposing requirements of both surgical and 
imaging equipment and personnel must be con-
sidered. Design considerations for hybrid operat-
ing rooms are discussed later in this chapter.   

    Work Flow Typologies 

 Design strategies for separating clean and soiled 
goods infl uence both intra-room work fl ow and 
intra-department work fl ow. Three key  surgical 
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  Fig. 34.2    Operating Room Zoning Diagram: Diagram illustrating the various functional zones within a typical operat-
ing room (OR) (Used with permission from Stantec Architecture, Inc. ©2013 Stantec)       
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suite typologies are common (Fig.  34.3 ). A “clean 
core” layout places several operating rooms 
around a common clean core, from which clean 
and wrapped sterile goods fl ow “one way” into a 
dedicated “clean” side of each operating room and 

exit through a dedicated “soiled” side of the room. 
A clean core often includes dedicated clean and 
soiled lifts connecting the core to a central sterile 
supply area on a different fl oor but directly above 
or below the core, enabling a dedicated vertical 
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  Fig. 34.3    Surgical Suite Typologies: Three surgical suite 
layout typologies: ( a ) clean core; ( b ) dedicated clean and 
soiled  corridors and ( c ) combined clean and soiled corri-

dor; (Used with permission from Stantec Architecture, 
Inc. ©2013 Stantec)       
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connection via the lifts. A clean core layout often 
requires more space than the other typologies.

   Dedicated “clean and soiled corridors” lay-
outs provide similar fl ow of soiled and clean 
goods as does the clean core layout, but does not 
store the clean supplies in a dedicated core. 
Instead they typically travel in case carts from a 
nearby satellite clean supply storage area or to 
and from the primary central sterile supply area. 
This type of layout usually requires less overall 
space than a clean core layout. 

 A combined “clean and soiled corridor” layout 
relies on covered case carts to separate clean and 
soiled goods as both types of material share the 
same corridor. Of the three typologies, the com-
bined corridor layout typically requires the least 
amount of space, but requires a well- managed 
transport system to maintain appropriate infection 
control. This also requires more oversight to 
ensure effective infection control.  

    Standardization 

 Adopting standardized processes from non- 
healthcare industries, such as aerospace and man-
ufacturing has long been applied to healthcare in 
an effort to improve safety and communications 
[ 17 ]. A well-known example is incorporating 
aeronautical fl ight-ready checklists into operat-
ing room protocol to reduce the risk of wrong- 
patient and wrong site procedures as well as to 
invoke other safe practices. 

 Standardization can also be applied to room 
design. For example, standardized inpatient nurs-
ing units – with ‘handed’ instead of ‘mirrored’ 
patient rooms – have been designed and built for 
decades. A handed nursing unit confi gures all 
patient rooms identically, for example all with 
the entrance door on the right side and the 
 headwall on the left side of the room. In contrast, 
a mirrored layout confi gures each pair of rooms 
identically, but the rooms within each room pair 
are mirror opposites of each other, often sharing 
a common plumbing wall between the pair. The 
assumed benefi t of same-handed rooms is that 
staff will intuitively know exactly where essential 
supplies are at critical times and all process will 

be standardized due to the unvarying built 
 environment, thus improving safety by eliminat-
ing physical variation. While this logic may 
appear to be sound, defi nitive evidence of the 
overall benefi t of room standardization, and in 
particular its impact on perioperative room design 
remains elusive. 

 Similarly, standardized “handed” operating 
rooms are based on the logic that standardized 
work process and consistent placement of critical 
supplies and devices improve work fl ow and 
safety. Historically, surgical suites have been con-
fi gured with pairs of mirrored operating rooms 
symmetrical around a shared sub-sterile room in 
much the way that mirrored inpatient rooms are 
placed symmetrically around a shared plumbing 
wall. New approaches to surgical infection control, 
including recommendations against routine use of 
fl ash sterilization [ 18 ] , have resulted in surgical 
suite layouts that either eliminate sub-sterile rooms 
or incorporate a satellite instrument processing 
station adjacent to a shared clean core. Such lay-
outs easily accommodate all operating rooms to be 
handed rather than mirrored (Fig.  34.4 ).

       Air Flow 

 Hospital operating rooms are among the most 
infection-sensitive environments in health care 
facilities. Surgical procedures increase patient 
vulnerability to pathogens transmitted from sur-
gical personnel, surgical equipment, the air and a 
patient’s own skin fl ora. Air fl ow is one of the 
most important aspects of the built surgical envi-
ronment with regard to infection control, human 
comfort and clinical outcomes. Surgical site 
infections account for roughly 15 % of all noso-
comial infections among hospitalized patients 
[ 19 ] and of those, 80–90 % of surgical wound 
bacterial contamination comes from the ambient 
air. In the United States alone, approximately 
700,000 patients a year are affected by surgical 
site infections [ 20 ]. Recent evidence shows that 
IV poles, anesthesia workstations and OR per-
sonnel are teeming with antimicrobial bugs and 
serve as a signifi cant source of patient environ-
mental contamination in the operating room [ 21 ]. 
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 Surgical air handling system design requires the 
knowledge of qualifi ed mechanical engineers 
experienced in the development of state-of-the- art 
surgical facilities. Basic design considerations 
include air system types, air change rates and fi ltra-
tion levels. Regulatory requirements are written for 
both architectural and engineering surgical facility 
design, but the specifi c requirements of these build-
ing codes vary by jurisdiction and sometimes differ 
for various types of operating rooms. 

 Numerous air fl ow strategies – cross fl ow, dis-
placement, air curtains and laminar fl ow – are com-
monly used in healthcare facilities; however, only 
the last two are appropriate for the surgical suite 
with laminar fl ow often being preferred, and 

 specifi cally required for certain types of operating 
rooms in some jurisdictions. Laminar air fl ow – a 
system similar to that used in clean room 
 environments – provides unidirectional supply air 
fl ow. The air typically enters the operating room 
through a ceiling-mounted diffuser array (large 
enough to cover the entire surgical site) and exits 
through several low level exhaust registers, creating 
a downward fl ow of particles away from the surgi-
cal site. Ideally, exhaust registers are placed at all 
four corners of the room at approximately eight 
inches above the fl oor surface, but many appropri-
ately designed operating rooms have only two low 
exhaust registers. The registers should not be 
blocked by furniture, equipment or other devices 

  Fig. 34.4    Clean Core Surgical Suite: Six operating rooms organized around a central clean supply core. Architect of 
Record: Co Architects; Associate Architect: Stantec. (Used with permission from Palomar Pomerado Health. ©2013 PPH)       
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that could compromise air fl ow. Since most anes-
thetic gasses are heavier then air, low level returns 
are also positive for removal of these gases which 
may be released into the space and bypass the local 
anesthetic gas scavenging systems. Anesthetic 
gases must be removed because they may cause 
health problems such as induce fetal malformations 
or abortions or discomfort to the medical team 
inside the OR, and may pose a fi re hazard [ 20 ]. 

 Laminar fl ow has been found to result in low 
concentrations of airborne contaminants, espe-
cially within the vicinity of the surgical table 
[ 20 ]. Placement and installation of laminar air 
fl ow assemblies must be carefully coordinated 
with other equipment in the operating room, 
especially nearby ceiling-mounted booms and 
assemblies. Structural support of proximate 
equipment can interfere with that of the laminar 
system above the ceiling, and nearby items below 
the ceiling (including lights, booms, imaging 
equipment, and so forth) can interfere with and 
compromise laminar air fl ow performance. 

 In addition to specifying certain air fl ow sys-
tems, building codes also specify required rates 
of air changes (the number of times per hour that 
the total amount of air in the operating room is 
replenished). Most regulations require at least 
twenty air changes per hour (ACH) and do not 
permit recirculation of room air. While higher 
ACH rates are sometimes implemented, evidence 
does not suggest that they improve the system’s 
ability to limit the number of colony-forming 
units of contaminants, which are measured in 
particles per square meter of room volume. 

 Air fi ltration – applied in conjunction with 
appropriate air change quantities and air fl ow 
 systems – removes airborne particles (sources of 
contamination and infection). HEPA fi lters installed 
within ducts at the location where air enters the 
room are effective but tend to be diffi cult to main-
tain and replace. Alternately, HEPA fi lters placed at 
the room side of the laminar fl ow ceiling assembly 
are both effective and accessible for maintenance 
and replacement. HEPA fi lters, which remove up to 
99.7 % of particles as small as 0.3 μm are effective 
in removing bacteria colonies, but are ineffective in 
controlling smaller virus-laden contaminants. For 
removal of these smaller viruses, ultra violet (UV) 

lamps can be employed, but care must be taken to 
prevent harmful exposure to UV radiation.  

    Special Considerations for Hybrid 
Operating Rooms [ 12 ] 

 Hybrid operating rooms have become prevalent 
in academic medical centers (Fig.  34.5 ) and more 
recently even in smaller general hospitals and in 
community hospitals. Hybrid operating rooms 
combine the often contradictory environmental 
needs of surgery and interventional radiology and 
interventional cardiology and thus, pose unique 
design challenges. For the purpose of this chapter 
the hybrid operating room is defi ned as an inva-
sive treatment space designed for both open and 
closed surgical procedures; confi gured for sterile 
surgical infection control precautions; designed 
for the use of general anesthesia; and, equipped 
with integrated image guidance equipment essen-
tial to the procedure.

   Hybrid rooms, when compared to more tradi-
tional operating rooms, typically integrate com-
plex advanced imaging technologies, such as 
rotational fl uoroscopy, computed tomography, 
magnetic resonance, ultrasound or combinations 
of each. Currently, the majority of cardiothoracic 
hybrid operating rooms employ fl uoroscopic 
imaging systems. Because both surgical and 
imaging equipment are integrated within the same 
space, physical confl icts between the movement 
ranges of equipment movement can occur unless 
the placement of every item is carefully coordi-
nated in all three spatial dimensions. Equipment 
confl icts are most likely to occur along the ceiling 
plane since it is common to mount both imaging 
and surgical equipment from the ceiling in order 
to leave the fl oor plane clear, clean and fl exible. 

 A typical example of a hybrid operating room 
“real estate confl ict” occurs when ceiling- mounted 
surgical lights, booms and monitors are proximate 
to a laminar air fl ow assembly and a ceiling-
mounted C-arm assembly with intensifi ers, fl at 
panel detectors, and additional monitors needed to 
traverse the same space. One coordination strategy 
is to use extended boom arms so the vertical boom 
and light connections can be placed away from the 
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sterile fi eld and the movement of the imaging 
assembly but the devices themselves can be placed 
wherever they are needed. This demands meticu-
lous three-dimensional coordination and may 
require special boom construction to control vibra-
tion and to manage integrative wiring of various 
independent devices that need to function intra-
operably. The services of a surgical technology 
integrator can be invaluable for coordinating the 
movement of the numerous assemblies and to 
assure they work together as clinically necessary. 
Most of the major imaging equipment manufac-
turers now offer imaging systems specifi cally 
designed for hybrid operating rooms. 

 Selecting an optimal table for hybrid operating 
rooms can be challenging as table characteristics 
necessary for surgery and image-guided interven-
tional procedures respectively vary considerably. 
Surgical tables are often portable, highly cleanable 
and capable of assuming myriad positions that cor-
respond to variations in body or extremity  placement 
necessary for different surgical procedures, such as 

tilting (Trendelenburg), head-to-foot pivoting and 
left-to- right rotating. Conversely, the table compo-
nents of most image-guided equipment assemblies 
are permanently affi xed to the fl oor, diffi cult to 
clean and restricted in their precise confi guration 
and positioning options. Imaging equipment manu-
facturers have begun to partner with surgical table 
manufacturers to offer competitively compatible 
assemblies that combine the positional fl exibility of 
surgical tables with the performance and durability 
of image-guided table assemblies. In addition to 
positional fl exibility, most have high weight- bearing 
capacities and are radio-translucent to accommo-
date radiation- emitting imaging. Where non-radiat-
ing imaging techniques (such as magnetic resonance 
imaging [MRI]) are employed, signifi cantly differ-
ent devices and assemblies (and room design) are 
required. 

 Lighting requirements for hybrid procedure 
rooms similarly require unique and often con-
fl icting luminance requirements of both surgical 
and interventional procedure rooms. Three types 

  Fig. 34.5    Hybrid Operating Room: A state-of-the-art hybrid operating room (Used with permission from the photog-
rapher and Stantec Architecture, Inc. ©2013 Ed Massery)       
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of lighting should be provided: (1) general ambi-
ent lighting appropriate during the procedure; (2) 
focused and precise procedural surgical lighting 
that illuminates areas of incision and the sterile 
fi eld; and, (3) high levels of room illumination 
for cleaning activities between procedures. 

 Luminance level requirements for surgical 
procedures tend to be higher than those for inter-
ventional procedures. Minimally-invasive and 
vascular access procedures utilize image moni-
tors and thus benefi t from relatively low levels 
of general room illumination as do open surgical 
procedures. However, open procedures require 
less intense use of monitors than do closed pro-
cedures. Monitor brightness is increasing, thus 
enabling ambient room illumination.  

    Environmental Factors — Noise 
and Alarm Fatigue 

 Much evidence shows that surgical procedure 
rooms are too noisy, and that actual levels for 
continuous background noise are far higher than 
guideline values established by the World Health 
Organization. A review of 35 studies by Busch- 
Vishniac and colleagues concluded that noise 
levels in hospitals internationally have been 
steadily rising since the 1960s [ 22 ]. For example, 
continuous background noise in the procedure 
room typically ranges from 75 to 90 dB, and can 
increase to almost 120 dB (e.g., during high- 
speed gas-turbine drill use) [ 23 ]. 

 In the procedure room noise may be generated 
by multiple conversations, mechanical ventilation, 
suction, overhead pages, use of medical equip-
ment, and uncoordinated alarms. High noise levels 
create a positive feedback situation, where noisy 
rooms require louder voices and louder alarms 
leading to increased noise levels, missed clinical 
events, and patient harm. There is a growing litera-
ture on how hospitals can incorporate noise miti-
gation, avoid overhead paging, and more. For 
example, by focusing on user input — clinicians 
and patients, intensive care units have been incor-
porating elements of creating less noise [ 24 ]. 

 Noise mitigation is important and not always 
given as high a priority as it should. In general 

there are two distinct types of noise transmission: 
airborne within a room (such as most of these 
examples) and vibration- al (i.e. vibrational noise 
carried from one space to another through ele-
ments of the built environment). Things are often 
done to reduce the noise of mechanical ventila-
tion systems and more recently to “begin” to miti-
gate noise emitting from MRIs. Most airborne 
noise transmission within the room (such as 
alarms and conversations), construction details 
would not likely mitigate this noise. 

 Acoustic dampening surface materials (such as 
acoustic ceilings and carpet) are not appropriate 
in the surgical space. Infection control protocol 
typically results in “hard” surfaces which refl ect 
(instead of absorb) ambient noise. A white noise 
system might add to the noise; more effectively 
design modifi cation of the noise producing 
devices (alarms) themselves might help. 

 High noise levels interfere with effective ver-
bal and handover communications in cardiac care 
settings (called sound intelligibility or the degree 
to which  speech  can be understood). Patient 
handovers are always important in the operating 
room, but may be critical during certain events 
such as resuscitations when it is vital for team 
members to hear clearly other members of the 
team. High noise levels in operating rooms can 
also detrimentally affect short- term memory 
tasks, mask task-related cues, impair auditory 
vigilance (e.g., the ability to detect and identify 
alarms), and cause distractions during critical 
periods [ 25 ]. 

 Exposure to loud noise activates the sympa-
thetic nervous system affecting mood and perfor-
mance [ 26 ]. The resulting stress response has been 
suggested to interact with other performance- 
shaping factors resulting in impaired decision 
making during critical clinical incidents [ 27 ]. 

 Finally, the current international standard for 
alarms, IEC 60601- 1-8, stipulates that medical 
device audible alarms should be priority-encoded 
and validated for effi cacy. Evidence suggests that 
the melodic alarms described in the standard do 
not function as originally intended. Urgency 
information can be encoded via modulation of 
the physical characteristics of sounds and should 
become a standard for all companies [ 28 ].  
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    Summary and Recommendations 

 Surgical and interventional imaging suites are 
both areas where medical errors can occur com-
monly and where the built environment has a pro-
found impact on injuries to patients and to 
medical outcomes and overall safety and well- 
being. Exceptional design of pediatric cardiac 
care spaces will provide an environment of 
patient safety as well as a safety-oriented organi-
zational culture for staff. It will require a constant 
focus on safety and reliability by the periopera-
tive leadership, physicians, and staff. This can 
only be accomplished through a continuous cycle 
of evaluation and improvement of the facility, 
equipment, technology, and processes. Designers 
of integrated surgical facilities need to prioritize 
the importance of safety in addition to effi ciency 
as an essential concern in their designs. Design of 
advanced medical facilities is an interactive pro-
cess that requires intense collaboration among 
both medical and design professionals. The med-
ical professional must describe current and future 
clinical models of care, fi nancial boundaries and 
operational practices, while the design profes-
sional, explores and advises how the built envi-
ronment might best be shaped to accommodate 
these needs and constraints. 

 The fi rst challenge is for each of these pro-
fessional groups to understand the language of 
the other. The second challenge is to think – not 
only based on one’s past experiences – but at the 
same time think anew, based on how clinical 
practice, fi nance and operations will likely dif-
fer in the future. The third challenge is how to 
judiciously determine how to best accommodate 
tomorrow’s uncertain needs before the future 
arrives. Often we know generally how the future 
will differ from the present. We are usually 
challenged, however, to predict specifi cally 
what and how much to invest in order to assure 
that we accommodate the needs of tomorrow in 
a way that will do so within clear fi nancial 
constraints. 

 Cardiovascular surgery is in the midst of enor-
mous changes in models of care, medical technol-
ogy, and fi nancial reimbursement. The greatest 
changes in models of care that are infl uencing 

architectural design include the transition from 
open to closed procedures and the convergence of 
surgery and medical imaging. Cardiovascular sur-
gical procedure rooms of the future therefore, will 
differ signifi cantly from those in use today. Most 
likely they will be hybrids blending elements of 
today’s surgical suite and catheterization labora-
tory heavily infl uenced by ways to mitigate the det-
rimental impact of the human factors that are key to 
maximizing performance. They will provide more 
surgical-like (sterile) environments than today’s 
catheterization labs and more advanced imaging 
technology than today’s typical surgical procedure 
rooms. Successful design solutions will be those 
that not only provide more space and equipment, 
but those that also consider new patterns of work 
fl ow, multi- disciplinary collaboration and increased 
building systems capacities. This new approach 
requires close cooperation between the design and 
clinical community while using a robust social-
technical approach to create optimal conditions for 
providing safe and high  valued care [ 29 ].     
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  35      Simulation-Based Training 
to Enhance Patient Safety 
in Pediatric Cardiovascular Care 

           Catherine     K.     Allan       and     Peter     Weinstock    

    Abstract  

  Pediatric cardiovascular care is delivered within clinical microsystems 
(operating room, catheterization laboratory, intensive care unit) character-
ized by complex teams and environments, high technical and cognitive 
demands, and need for frequent handovers. These features, also present in 
other high risk industries such as aviation and nuclear power, increase 
susceptibility to adverse events related to human error. In acute care areas 
of medicine broadly, and increasingly in pediatric cardiovascular care, 
simulation has emerged as an important tool to train individuals and teams 
in a structured environment far from patient harm to accelerate acquisition 
of technical skills, identify systems hazards, and reduce the risk of error 
due to human factors. Such simulation-based training programs are maxi-
mally effective when they are developed and delivered using rigorous, 
structured processes based on the principles of adult learning theory. 
Fundamental components of this process include formal needs assess-
ment, development of scenarios that address specifi c learning objectives 
appropriately targeted to the level of the learner, and structured debriefi ng 
to aid learners in processing the simulation event. Recent innovations in 
simulation technology, such as development of high fi delity infant and 
pediatric-specifi c task trainers, are expanding the role of simulation in 
pediatric cardiovascular care.  
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        Adverse Events and Medical Errors 
in Pediatric Cardiovascular Care: 
The Need for Strong Training 
Models 

 The acute care of children with congenital heart 
defects spans clinical microsystems, including 
the operating room, intensive care unit, and car-
diac catheterization laboratory. These microsys-
tems are characterized by the need for multiple 
care providers to function as a team while per-
forming complex procedures at a very high tech-
nical and cognitive level within a sophisticated 
organizational structure [ 1 ,  2 ] (Table  35.1 ). These 
characteristics, along with periods of vulnerabil-
ity during patient handoffs between clinical 
microsystems [ 3 ], predispose to a high risk of 
error related to human factors for pediatric car-
diac patients.

   The Bristol Royal Infi rmary Inquiry and the 
Manitoba Pediatric Cardiac Surgery Inquest, two 

highly publicized investigations of mortality in 
pediatric cardiac surgery, provided strong evi-
dence that the deaths were related not only to sur-
gical errors but to systems failures and poor 
communication as well [ 4 ,  5 ]. Subsequent rigor-
ous human factors research has shown that errors 
are common in the realm of pediatric cardiac sur-
gery. Direct observation of 102 pediatric cardiac 
surgery cases found a median of 1.1 major 
(potential to cause serious consequences) safety 
events and 18.3 minor events per case [ 6 ]. A mul-
ticenter study using direct observation of arterial 
switch operations reported that mortality and 
“near misses” were linked most strongly to major 
events but that minor events also increased the 
odds of death and that the impact of minor events 
was additive [ 7 ]. In the study by Barach et al., 
minor events most commonly represented com-
munication errors [ 6 ]. Likewise, cardiac surgery 
teams with more effective teamwork strategies, 
including better communication, had fewer minor 

   Table 35.1    Clinical microsystems in pediatric cardiovascular care   

 Component  Catheterization laboratory  Intensive care unit/ECMO Care  Cardiac operating room 

 Personnel  Catheterizer  Intensivist  Surgeon 
 Catheter technician  Surgeon  Assistant surgeon 
 Anesthesiologist  Nurse  Anesthesiologist 
 Nurse  Respiratory therapist  Scrub nurse 
 Trainees  ECMO specialist/perfusionist  Circulating nurse 
 Surgeon (for hybrid 
procedures) 

 Trainees  Perfusionist 
 Consultants  Trainees 

 Echocardiographer  
 Equipment  Fluoroscopy equipment  ECMO circuit  CPB Circuit 

 Fixed catheterization table  Resuscitation carts  Anesthesia machine 
 Instrument table  Surgical instrument table  Minimally invasive 

equipment 
 Surgical instruments (for 
hybrid procedures) 

 Surgical equipment (cautery, 
headlamp, etc.) 

 Echocardiography 
machine 

 Clinical/systems  Rapidly changing physiology  Multiple patients  Time pressures on CPB 
 Radiation exposure  Bed-availability issues  High level technical skills 
 Multiple equipment changes 
(catheters) 

 Blended teams  Hierarchy of personnel 

 Communication between 
control room and lab 

 Hierarchy of personnel 

 High level technical skills 
 Hierarchy of personnel 

  Children with cardiac disease move between clinical microsystems, which are defi ned by complex team structures, 
equipment needs, and systems concerns about latent safety threats and the potential for patient harm 
  ECMO  extracorporeal membrane oxygenation,  CPB  cardiopulmonary bypass  
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intraoperative events, improved intraoperative 
performance, and reduced operative times [ 3 ]. 

 The literature also supports the pervasive 
nature of medical errors in the intensive care 
unit—an environment comprised of a multitude 
of technologies, large interdisciplinary provider 
teams, critically ill patients, high emotionality, 
and fatiguing work schedules—and the relevance 
of human error and systems failures [ 8 ,  9 ]. In 
around-the-clock direct patient and provider 
observations in an ICU, Donchin et al. identifi ed 
an average of 1.7 errors per patient per day, 30 % 
of which could have led to marked deterioration 
in patient status or death without prompt recogni-
tion and management [ 10 ]. In pediatrics, a multi-
center chart review of 15 ICUs documented 1,488 
adverse events among 734 patients, with 62 % of 
patients suffering at least one adverse event, 45 % 
of which were classifi ed as preventable [ 11 ]. 
Furthermore, analysis of errors and adverse 
events in the ICU showed lack of teamwork and 
communication to be major contributors to nearly 
half of critical incidents [ 12 ,  13 ]. 

 Both in and out of the operating room, effec-
tive teamwork behaviors have been linked to 
positive outcomes. For instance, during both sim-
ulated and real resuscitations, factors such as 
effective leadership have a positive impact [ 14 –
 16 ]. The ability of the leader to organize a team, 
avoid “task fi xation,” and articulate a global 
assessment of the patient’s status and plans for 
management was associated with improved per-
formance measures, such as hands-on time when 
providing chest compressions and time to defi -
brillation after recognizing ventricular fi brilla-
tion. These performance measures are clinically 
important, given that early defi brillation and 
increased CPR fraction are associated with 
improved survival after cardiac arrest [ 17 – 19 ]. 
The importance of specifi c teamwork skills has 
been acknowledged in recent resuscitation guide-
lines from the American Heart Association, 
including the Pediatric Advanced Life Support 
Guidelines [ 20 ]. Thus, incorporating multidisci-
plinary teamwork training across the cardiovas-
cular care environment may help decrease 
preventable non-technical errors and improve 
patient outcomes. 

 The contribution of human factors to cata-
strophic accidents and failures in non-medical 
high-risk industries, including nuclear power 
and aviation, has long been recognized, and 
substantial efforts have gone towards training 
staff in principles of teamwork to mitigate the 
effects of human error in non-technical skills. 
After analyzing a series of catastrophic acci-
dents, the aviation industry turned to simulation-
based teamwork training, in the form of “Crew 
Resource Management” Training, to overcome 
non- technical errors and improve teamwork. 
Crew Resource Management Training has now 
become a mandatory component of initial pilot 
licensure and maintenance of certifi cation. In 
this training, highly realistic fl ight simulators are 
utilized to recreate emergency scenarios that the 
crew might encounter in fl ight, and post-simula-
tion debriefi ngs led by trained facilitators focus 
on teamwork principles. 

 Given the parallels between aviation and medi-
cine in terms of the contribution of human factors 
to errors and accidents, the lessons from the avia-
tion industry were transferred to medical train-
ing through the introduction of simulation- based 
Crisis Resource Management (CRM) Training. 
Indeed, since the introduction of immersive sim-
ulation in medicine in the 1980s [ 21 ], simulation 
has been applied broadly throughout acute care 
areas [ 22 – 24 ], not only for teamwork training 
but also for clinical skills training, competency 
assessment, and systems evaluation to identify 
latent safety threats at the point of care delivery. 

 Simulation training is particularly important 
in pediatric subspecialties, where high-risk 
events, such as cardiopulmonary arrest, are rela-
tively rare, creating a “pediatric training para-
dox” [ 25 ]. Low numbers of training opportunities 
can result in an unfavorable “volume-outcome 
relationship” that may render providers ill- 
prepared to conduct pediatric resuscitation [ 26 –
 28 ]. This effect is magnifi ed in the fi eld of 
pediatric cardiovascular care, where specifi c 
resuscitation skills, such as emergent chest re- 
opening, temporary epicardial pacing, and 
ECMO cannulation, fall outside the scope of tra-
ditional pediatric advanced life support training 
[ 29 – 32 ]. Additionally, work hour restrictions and 
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societal expectations that senior physicians be 
involved at the bedside limit trainees’ clinical 
experience and opportunities and may delay 
acquisition of full profi ciency before training is 
completed. Simulation offers unique solutions to 
this challenge in pediatric cardiovascular training 
through authentic on-demand, structured experi-
ences combined with opportunities for summa-
tive and formative feedback. As a result, 
simulation is beginning to be applied across the 
spectrum of cardiovascular care—from the inten-
sive care unit [ 29 ], to the catheterization labora-
tory [ 33 ], to the operating room [ 34 ].  

    Simulation for Team Training 
in Cardiovascular Care: Principles 
and Evidence 

 In the early 1980s, an early precursor to today’s 
high fi delity, whole-body mannequin simulators 
was developed by David Gaba and colleagues 
at Stanford University. The simulator inter-
acted with monitors and anesthesia equipment 
to realistically replicate patient physiology as 
part of an immersive simulation environment 
(CASE, Comprehensive Anesthesia Simulator 
Environment) in which participants were able 
to engage in real-time clinical problem solving 

[ 35 ]. Gaba’s early work in anesthesia was unique 
in medicine in its recognition of the importance 
of human factors in the operating room [ 36 ]. He 
and others [ 37 ] defi ned standards of leadership 
and team behavior now described as the prin-
ciples of Crisis Resource Management (CRM). 
These principles have since been widely adopted 
in training programs across acute care, including 
the emergency department [ 38 ], intensive care 
unit [ 29 ,  39 ], and operating room [ 40 ]. Likewise, 
a growing number of simulation-based CRM 
training programs applied to pediatric cardiac 
critical care have been shown to improve the 
comfort level of providers in navigating critical 
incidents [ 29 ,  30 ,  33 ]. 

 Principles of Crisis Resource Management 
address issues related to event leadership, fol-
lowership, communication, and team coordina-
tion (Table  35.2 ).
     1.     Role Clarity.  Team members are assigned to 

specifi c tasks and responsibilities. Key to 
these are the “Event Manager” who organizes 
the team by assigning tasks, controlling com-
munication, creating a shared mental model 
through frequent updates and maintaining 
global perspective on the evolving crisis. 
Effective Event Managers support an environ-
ment of psychological safety to promote free 
and effective communication [ 41 ].   

   Table 35.2    Fundamental principles of crisis resource management training   

 Principle  Key components 

 Role clarity  Event manager is explicitly identifi ed 
 Task assignments are clear 

 Communication  Names and eye contact are used between speaker and listener 
 Closed loop (receiver confi rms understanding sender) 
 Communication is explicit (no “hints”) 
 Communication is channeled through the event manager 
 Updates on task progress are given often 
 Communication is respectful 

 Personnel support  Support personnel/consultants are mobilized appropriately 
 Resource utilization  Equipment and resources are mobilized appropriately 

 Hospital emergency protocols and procedures are followed 
 Global assessment  The “50,000-foot view” is maintained by event manager throughout 

 Fixation on one aspect of the task at the expense of other aspects avoided 
 Event manager frequently updates team on progress 
 An environment of psychological safety is maintained 
 Input from the team is invited 
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   2.     Communication . Effective communica-
tion strategies emphasize clear and explicit 
statements directed to specifi c individuals 
combined with consistent “closed-loop” com-
munication (in which the listener confi rms an 
understanding of the speaker’s message) and 
in which team members provide updates on 
assigned tasks as well as offering information 
and suggestions to the event manager—all of 
which occur across authority gradients.   

   3.     Global Assessment.  The “50,000-foot view,” 
or situational awareness, of the entire event 
and environment is maintained to avoid “fi xa-
tion errors,” in which participants focus on 
one aspect of the event at the expense of other 
relevant events. Strategies include provision 
of frequent updates by the Event Manager and 
team-based review of clinical status.   

   4.     Personnel Support . Proactively identifying 
and mobilizing additional resources, includ-
ing expert consultants (i.e., “Calling for help 
early”).   

   5.     Resource Utilization . The use of systematic 
and institutional resources for critical event 
management is optimized. This issue includes 
understanding human and technical resource 
availability and operations and is supported 
by a working knowledge of current hospital 
policy and procedure.    
  Crisis Resource Management courses, once 

exclusively delivered at stand-alone centers, are 
now more frequently being applied directly to the 
point at which clinical care is delivered. Such in- 
situ or point-of-care simulations allow full native 
teams to train within their own complex care 
environments [ 42 ]. In the cardiac operating room 
and catheterization laboratory in particular, in 
situ training programs can optimize authenticity, 
realism, and engagement by including inherent 
environmental nuances that might otherwise be 
diffi cult to recreate (Fig.  35.1 ). In the catheteriza-
tion laboratory, for instance, resuscitation efforts 
may be hampered by the dark environment and 
bulky fl uoroscopy equipment that may obstruct 
access to the patient and challenge communica-
tion between team members. In addition, the 
ongoing need for fl uoroscopy during resuscita-
tion poses the threat of exposure to ionizing 

 radiation to caregivers, underscoring team mem-
ber safety during the resuscitation process.

   Crisis Resource Management training holds 
both the intuitive appeal of a practice-makes- 
perfect model, as well as a rapidly growing litera-
ture of effectiveness at multiple levels, including 
(1) knowledge acquisition, (2) team-based ele-
ments, (3) behavioral processes (measures of 
communication, self-correction, etc.), (4) perfor-
mance outcomes, and (5) translation to patient 
care. Applied to pediatric cardiac ICU, CRM 
training can increase self-effi cacy, preparedness, 
and comfort for participants [ 29 ,  30 ,  32 ]. 

 Although data specifi c to patient outcomes in 
pediatric cardiovascular care may be lacking, a 
growing literature base from other pediatric acute-
care specialties suggests that CRM training sub-
stantially improves patient outcomes. In 
neonatology, trainees exposed to Neonatal 
Resuscitation Program training supplemented 
with high fi delity simulation practice, demon-
strated more effective teamwork behavior, includ-
ing information-sharing, updating the team on the 
patient’s status, and inquiry of other team mem-
bers [ 39 ]. In the Emergency Room, team training 
reduces error rates [ 43 ]. A study from the Veterans 
Administration health care system found an 18 % 
reduction in annual mortality rates among centers 
in which formal team training programs were 
implemented compared to 7 % among those 
where team training was not introduced [ 44 ,  45 ]. 
Morbidity was likewise reduced in centers with 
formal team training programs [ 45 ]. In obstetrics, 
a fi eld similar to pediatric cardiovascular care in 
that it relies heavily on resuscitation practices and 
skills outside of pediatric or advanced cardiac life 
support algorithms, Draycott et al. found clear 
links between effective utilization of teamwork 
principles and improved, more effi cient care 
delivery, as well as patient outcomes. Particular 
team skills that correlated positively with out-
comes included verbal declaration of a crisis, 
closed-loop communication, and effective 
resource utilization 45 , whereas clinical knowledge 
of management of obstetric emergencies, clinical 
skills in a simulator setting, or attitudes towards 
teamwork and patient safety were not correlated 
[ 46 ], suggesting that these factors alone are not 
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sufficient for effective team performance. 
A decrease in the interval between diagnosis of 
cord prolapse and emergency cesarean delivery 
from 25 to 14.5 min (P < 0.001) after team training 
in a large UK maternity center further supports 
the value of CRM in improving care [ 47 ].  

    Simulation-Based Technical Skills 
Training in Pediatric 
Cardiovascular Care 

 Early applications of medical simulation focused 
on technical or clinical skills, and included train-
ers for endotracheal intubation [ 21 ], as well 
as the Harvey Cardiology Patient Simulator, 

 developed in the late 1960s to teach cardiovas-
cular examination skills [ 48 ,  49 ]. The effi cacy of 
simulation- based procedural skills training has 
been established in several lines of inquiry related 
to acute care medicine. In one medical intensive 
care unit, simulation-based curricula regarding 
safe placement of central venous lines reduced 
the mean number of attempts (1.70 vs. 2.78, 
P = 0.04), failure rates (22.8–16.0 %, P = 0.02) 
and overall complication rates (32.9–22.9 %, 
P < 0.01) among trainees [ 50 ]. The curricula also 
reduced catheter-associated blood stream infec-
tions by 70 % and saved money [ 51 ]. 

 Work hour restrictions, increased public scru-
tiny of clinical outcomes, and pressures to reduce 
operative times all threaten procedural  “hands- on” 

a

c d

b

  Fig. 35.1    Team Training at the Point of Delivery in 
Pediatric Cardiovascular Care. Native team training within 
native environments incorporates preparedness training 
into the daily workfl ow. Participation of complete compli-

ment of care providers during high-fi delity simulation 
courses in the highly nuanced environments, such as the 
cardiothoracic operating room ( a ,  b ) and the catheterization 
Laboratory ( c ,  d )        

 

C.K. Allan and P. Weinstock



431

time for trainees and, as a result, impact the quality 
of experiences to learn complex procedures [ 52 ]. 
Simulation-based skills training, both through 
analog and virtual reality models, has the ability to 
overcome these threats by providing dedicated 
hands-on practice time without harming patients. 
Simulation-based surgical training, such as virtual 
reality laparoscopic training, can improve skill 
acquisition through repetitive, deliberate practice 
combined with rigorous assessment and feedback 
[ 53 ,  54 ]. Additionally, a sole focus on teaching 
skills apart from actual patient care may create a 
less-threatening environment for the trainee and 
thereby enhance quality of teaching at the level of 
skills acquisition [ 55 ]. 

 The pathway to procedural competency 
begins with acquisition of technical skills fol-
lowed by the associated cognitive skills, includ-
ing complex intraoperative decision making, 
communication, and the ability to adapt based 
on changing circumstances during a procedure. 
By deliberatively focusing on each element in 
order through well -designed curricula, simu-
lation stands to accelerate the learning curve 
from novice to expert, and thus make the great-
est educational use of real intraoperative time 
when ready [ 56 ]. These factors, combined with 
the development of integrated 6-year cardiotho-
racic surgery training programs [ 57 ] increas-
ingly focused on competency- based training 
[ 58 ], have lead the fi eld of adult cardiothoracic 
surgery to invest heavily in simulation-based 
curricula, relevant models, and assessment tools 
to teach technical skills [ 59 ,  60 ] that range from 
coronary anastomosis [ 61 ,  62 ], to mitral valve 
repair [ 63 ], to cardiopulmonary bypass manage-
ment [ 64 ,  65 ]. 

 Virtual reality simulators are also being used 
increasingly in invasive cardiology and electro-
physiology, where they have accelerated learn-
ing among novices performing trans-septal 
puncture and diagnostic catheterization [ 33 ,  55 ] 
with associated reductions in fl uoroscopy time 
[ 66 ]. Given the heterogeneous nature of congen-
ital cardiac defects, the development of high 
fi delity simulation- based models for skills train-
ing has been slower than in adult cardiovascular 
fi elds, although our group has recently reported 

on the development of a highly realistic infant 
ECMO cannulation trainer (Fig.  35.2 ). Use of 
this trainer within the context of a full cannula-
tion training curriculum improved cannulation 
time and a composite technical score that evalu-
ates both the individual steps of cannulation, and 
patient management [ 67 ]. Engineering advances, 
such as three-dimensional (“rapid prototyping”) 
printers, have the potential to speed the develop-
ment of pediatric-specifi c trainers by translating 
individual patient imaging data into highly real-
istic trainers that accurately replicate complex 
pediatric anatomy.

       Point-of-Care Simulation 
to Enhance Systems Safety 
in Pediatric Cardiovascular Care 

 Simulation applied at the point of care offers 
opportunities not only to improve individual and 
team performance but also to study and improve 
the care system itself. Both in situ multidisci-
plinary team training programs [ 42 ,  68 ] and 
formalized simulation-based programs using 
rigorous human factors methodologies, such as 
“Lean [ 69 ]” or “Plan-Do-Study-Act (PDSA),” 
are now being employed as rapid-cycle- 
improvement methods to identify patient safety 
threats and to guide the design and implemen-
tation of system improvements [ 70 ]. Common 
factors among successful latent safety threat-
analysis programs include (1) using expertise 
from multiple areas, including multidisciplinary 
clinical providers, simulation experts, risk man-
agement or systems safety experts, and equip-
ment experts during planning, simulation, and 
debriefi ng; (2) a preparation phase to identify 
possible areas of vulnerability and key areas 
for testing and to clearly defi ne steps in clinical 
processes when relevant; (3) iterative simulation 
events to identify safety threats and test changes 
implemented in reaction to identifi ed threats; 
and (4) structured debriefi ng focusing not on 
individual performance but rather on identify-
ing system defi ciencies and generating solutions 
to threats [ 70 ] (Fig.  35.3 ).
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a b

c d

  Fig. 35.2    The integrated ECMO cannulation skills trainer 
allows contextualized skills training for emergent ECMO 
cannulation during CPR. Contextualized skills training 
in the native cardiac intensive care unit  environment ( a ) 
uses a highly realistic, embedded surgical skills trainer 

that allows dissection, vessel cannulation ( b ,  c ), and 
 establishment of ECMO fl ow, and authentic “bleeding” 
from the surgical site ( d ) (Reprinted with permission from 
Allan et al. [ 67 ])        

  Fig. 35.3    The Plan-Do-
Study-Act cycles used in 
simulations for systems 
evaluation and improvement       
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   Rodriguez-Paz et al. reported the use of in 
situ simulation as part of a systematic process 
to identify hazards before opening of a new 
 intraoperative program for delivery of high-
dose radiation therapy. A multidisciplinary 
group, including stakeholders from all involved 
disciplines (surgery, radiation therapy, radiation 
safety, nursing, anesthesia, risk management, 
etc.) completed multiple simulations and iden-
tifi ed 20 latent safety threats related to equip-
ment, supplies, teamwork, and communication. 
Solutions were then designed and implemented, 
including pre- operative checklists, which 
were then followed by the successful open-
ing of the intraoperative program without any 
adverse event [ 71 ]. Similarly, Geis et al. used 
in situ  simulation to safely open a new satellite 
emergency department by identifying needed 
environmental improvements (e.g., equipment 
placement, inadequate oxygen ports), team 
member roles, and equipment concerns (e.g., 
inadequate numbers of defi brillators) [ 72 ]. 

 Complex pediatric cardiovascular care 
microsystems and their interactions make the 
fi eld perfectly suited for such simulation-based 
approaches to quality improvement and optimi-
zation. Examples include magnetic resonance 
imaging (MRI) suites and hybrid catheterization- 
surgical suites, both of which include important 
interplay among specifi c safety considerations 
(e.g., magnetic fi elds, radiation), complex teams, 
and physical equipment (e.g., fl uoroscopy).  

    Optimizing Delivery of Simulation- 
Based Training to Enhance Patient 
Safety 

    Informing the Design of Simulation- 
Based Curricula with Principles 
of Adult Learning Theory 

 Although technical authenticity is important in 
simulations, there is a growing appreciation that 
effectiveness of simulation methodology has less 
to do with “what” is being delivered and more 
to do with “how” and by whom. In particu-
lar, curricula design, implementation, and ulti-
mately facilitation should be fi rmly founded on 

 established principles of adult learning theory to 
create the best experience. 

 David Kolb describes four types of adult 
learners based on preferences for  acquiring infor-
mation , either through concrete experience or 
abstract conceptualization, and for  processing 
new knowledg e, either through refl ection or 
active experimentation [ 73 ]. For example, one 
individual may learns best if material is fi rst pre-
sented in an abstract format such as a lecture fol-
lowed by an opportunity to experiment with new 
information (such as through a simulation), 
whereas another individual might learn best 
when material is presented fi rst as part of a con-
crete experience (e.g. simulation) with an oppor-
tunity for subsequent refl ection (e.g. debriefi ng). 
Thus, a curriculum which uses only simulation 
without opportunity for processing (debriefi ng) 
or presents only didactic material without oppor-
tunity for active engagement and experimenta-
tion with the material will not effectively serve 
all adult learners. Through “cycles of learning”—
which incorporate didactics (abstract conceptual-
ization), hands-on experiences (the scenario) 
followed by structured refl ection and conceptual-
ization (debriefi ng), followed by further experi-
mentation with new learned concepts—a single, 
simulation-based curricula can effectively and 
effi ciently engage each type of learner [ 74 ]. 

 Malcolm Knowles’ principles of adult learn-
ing (also known as “andragogy”) describe that 
adult learners are typically intrinsically rather 
than extrinsically motivated, often by a specifi c 
“problem” to be solved. They draw extensively 
on prior knowledge and experiences when faced 
with new material, and work to incorporate new 
knowledge into an existing framework. Thus, 
adult educational experiences should be highly 
relevant to and draw on the learner’s past experi-
ences. To achieve this, formal needs assessment 
should be used in designing new curricula. 
Learning in the simulation environment often 
involves multidisciplinary teams, and, therefore, 
to ensure value for all learners, the needs assess-
ment process should include representatives from 
all disciplines and key stakeholders. Learning 
objectives are then identifi ed, and scenarios and 
didactic materials are tailored to specifi cally 
address these objectives. Awareness and applica-
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tion of these fundamental adult learning princi-
ples to curricular design, particularly for the busy 
acute care practitioner, can optimize participation 
as well as buy-in for simulation-based training 
across all levels of expertise.  

    Scenario Design 

 Scenario design begins by identifying key learn-
ing objectives [ 75 ] and then tailoring content and 
complexity to the learner’s level of expertise. In 
procedural or skills-based simulations for 
instance, novice learners may benefi t from men-
tored practice, with a focus on acquiring psycho-
motor skills, perhaps on an isolated skills trainer. 
Learners already profi cient in the technical 
aspects of the skill may benefi t from more immer-
sive and realistic simulations (e.g., those includ-
ing noise, distractions, and so on) to further refi ne 
psychomotor and cognitive skills, such as clinical 
decision making and managing high-risk, low- 
frequency events [ 76 ,  77 ]. 

 As described by Rudolph et al., scenario real-
ism itself can be thought of as having three main 
components—technical, conceptual, and emo-
tional—and should be tailored to the needs and 
experience of the learner [ 78 ]. Technical realism 
refers to how closely the mannequins, training 
devices, and equipment resemble those that are 
part of the actual patient care experience. 
Technical realism can be enhanced through simu-
lation delivered within the native environment (in 
situ) using real equipment (e.g., defi brillators, 
code carts, surgical instruments). The importance 
of technical realism for learner engagement may 
be higher with more advanced learners and objec-
tives. Likewise, a high degree of technical real-
ism may be unnecessary for more novice learners 
[ 79 ] and may, in fact, distract from learning 
objectives for this group. 

 Particularly germane to procedurally based 
aspects of cardiovascular care (cardiac surgery and 
catheterization), requirements for technical realism 
in skills-training models must be carefully consid-
ered in the context of both the learner’s level of 
technical expertise and the nature of learning objec-
tives. For example, expert analysis suggests that 

low-fi delity bench models for adult cardiac surgi-
cal training may be suffi cient for novice trainees to 
learn basic psychomotor skills, but higher, fully 
contextualized training experiences may be impor-
tant for more advanced trainees [ 67 ]. 

 Conceptual realism refers to clinical or physi-
ologic relevancy (e.g., how the scenario story and 
stages unfold) and is as important as technical 
realism in learner engagement [ 78 ,  80 ]. That is, 
the clinical context of a case must make sense, 
the physiology must be presented realistically, 
and responses to interventions must be consistent 
with real life. Conceptual reality is particularly 
relevant in pediatric cardiovascular care, where 
patient physiology is highly nuanced, so much so 
that conceptual realism may be as or even more 
relevant than technical realism for the most 
advanced participants [ 80 ]. 

 Emotional realism refers to the overall experi-
ence of the simulation and how the participant 
feels and responds to the environment as well as 
to the team [ 80 ]. Emotional reality can be opti-
mized though involvement of native teams in 
native environments, with participation refl ecting 
the natural compliment of caregivers for a par-
ticular event.  

    Debriefi ng 

 Critically important in effective simulation meth-
odology is well-executed, focused and structured 
feedback or debriefi ng, optimally given by 
trained debriefers [ 81 ,  82 ,  83 ,  84 ,  85 ]. The funda-
mental purpose and goal of effective debriefi ng is 
to foster refl ection, and encourages learners to 
compare new and prior experiences to help them 
incorporate new and improved approaches to 
thinking about clinical problems [ 86 ]. In so 
doing, the debriefer helps individuals and teams 
identify and close specifi c performance gaps. To 
encourage refl ection, the debriefer must create a 
structured and psychologically safe environment. 
This environment is achieved with specifi c strate-
gies, such as maintaining transparency (e.g., 
explicit ground rules, outlining the structure of 
the debriefi ng process), honesty, mutual respect, 
and confi dentiality and approaching debriefi ng 
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from a stance of curiosity (e.g., problem solving) 
rather than certainty [ 87 ]. 

 Although many debriefi ng methodologies 
have been described [ 87 – 89 ], no one method has 
proven most effective. Rather, specifi c debriefi ng 
strategies should be matched to the level of the 
learner, the learning objectives of the simulation, 
and time available for debriefi ng. For instance, 
team debriefi ngs focused on human factors 
should focus on open-ended “why” questions, as 
opposed to the “what” and “how” questions of 
clinical skills training. 

 The role of the debriefer in a human factors 
course is to moderate the discussion using open- 
ended questions with participants who typically 
have high technical expertise and who are pre-
pared to be self-refl ective [ 90 ]. One purpose of a 
human factors debriefi ng is to use specifi c exam-
ples from a simulation to explore generalizable 
concepts related to team performance, rather than 
to discuss nuances of clinical medicine. Robust 
methodologies for human factors debriefi ngs in 
health care have been developed [ 87 ,  88 ], and 
require rigorous facilitator training. 

 On the other end of the spectrum are facilita-
tion techniques for novice learners in highly 
focused simulation-based curricula designed to 
teach procedural skills or algorithmic care. In 
these sessions, facilitators may integrate debrief-
ing within the simulation itself, pausing mid- 
scenario to redirect or lead participants with 
focused questions. At the extreme of this 
approach is frank instruction, in which side-by 
side mentoring is used to teach fundamental pro-
cedural skills to novice learners (e.g., suturing). 
The critical importance of high-quality debrief-
ing is further emphasized by the requirement 
among accrediting organizations for formal sim-
ulator faculty development [ 91 ].   

    Summary 

 The use of medical simulations has grown rap-
idly over the past decade, prompted by changes 
in healthcare delivery and education, and is now 
broadly applied across acute care specialties and 
all members of the healthcare team. The fi eld of 

pediatric cardiovascular care, with all its com-
plexity of patients, teams, and systems, is per-
fectly suited for simulation to be applied at 
multiple levels, from skills training to team train-
ing to systems safety analysis, as a major patient 
safety initiative. 

 For maximum effi cacy, simulation science 
requires that simulation be used in the context of 
rigorous curriculum development or safety testing 
methodology. In particular, curricula must be 
aligned with the level of the learner to keep all prac-
titioners on the “edge of their learning curve,” inde-
pendently of their level of expertise. Appropriate 
technical, conceptual, and emotional realism will 
optimize engagement. Simulation training and 
 curricula should be delivered by trained facilitators 
in a realistic, respectful, psychologically safe man-
ner. By adhering to these principles, simulation can 
greatly improve the care of infants and children 
with cardiovascular disease.     
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  Pediatric and congenital cardiac care and the 
associated outcomes have improved radically 
over the past generation. However, despite this 
improvement, treatments continue to be misused, 
underused, and overused, and preventable harm 
continues to occur. By highlighting the best prac-
tices for measuring outcomes, this book proposes 
a framework to help map out and support the next 
leap in improving pediatric and congenital car-
diac care. 

 Major changes are needed in the current model 
of care delivery. Given the pressures on health-
care, in order to thrive, institutions must focus on 
quality of care, including cost-effi ciency, through 
innovations that align the incentives of payers, 
patients, and providers. Engaging clinical staff is 
critical to accomplishing this realignment. 

 With the changes in the medical and social care 
of children have come an uneasy and increased 
scrutiny and public oversight of medical practice. 
Improving the reliability of care will require accept-
ing this forced transparency and embracing the 
opportunities inherent in this new and hyper con-
nected and social medical driven world. In 2014, 
the thirst of the public for more information and 
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transparency, coupled with payers and regulators 
seeking safer and higher-value care, led both the 
UK and the US to expand programs of public 
reporting of cardiac surgical outcomes. The release 
of such data is just the beginning of a major interna-
tional revolution to make data about the outcomes 
of patients and the cost of healthcare publically 
available and available for more effective decisions 
about care. 

 Pediatric and congenital cardiac care is a 
model for medicine because of its success in fos-
tering cross-disciplinary and multi-disciplinary 
collaboration and has pioneered the collection 
and sharing of risk-adjusted data. At the heart 
of a sustainable, generative, and continuously 
improving organizational culture of healthcare is 
a system with three interlinked aims [ 1 ]:
•    better outcomes (e.g., for individuals and 

populations),  
•   better performance of the system (e.g., higher 

quality, safety, value), and  
•   better professional development (e.g., improved 

work-related competence, joy, and pride).    
 How does the present culture and style of 

management of hospitals providing pediatric and 
congenital cardiac care support these three inter-
linked aims? 

 Organizations and communities, including those 
in healthcare, respond to positive and affi rmative 
thoughts and information: “Energy fl ows where 
attention goes.” Real quality improvement requires 
bringing multiple systems of knowledge together. If 
done effectively, this combination could guide other 
fi elds in healthcare down a bold path on “how to” 
think different, be transparent, and emotionally and 
intellectually engage all stakeholders. 

 Mistrust in healthcare systems and among pro-
viders has contributed to cynicism, burn out, and the 
disengagement by clinicians. The growing pres-
sures of an expensive and laborious system of medi-
cal liability can ultimately harm patients; the system 
of medical liability focuses on blame and shame, 
and drives defensive and sometimes perverse 
actions by providers and institutions. Meaningful 
change through learning happens at the level of dis-
course, and not through the courts of law. The best 
clues to changing the culture of healthcare will 
come from listening to how clinicians and staff talk 
about their work, organizations, colleagues, and the 

joy in continuing to work and prosper as pediatric 
cardiovascular providers future. 

 If we are to receive a continuous fl ow of infor-
mation about possible hazards, near misses, or 
unsafe conditions in healthcare, trust has to be 
(re)built and maintained in two areas. In the fi rst, 
all front-line clinical and administrative staff 
must feel that it is  safe to identify a specifi c prob-
lem that may involve or uncover errors made by 
others  [ 2 ]. No-fault models could detoxify the 
present situation while compensating patients for 
preventable harm. This process must also include 
committing to full disclosure when things go 
awry, and establishing peer- support programs, 
both for clinicians as well as for patients, fami-
lies, and providers involved in cases of adverse 
care or events. Recent evidence confi rms that 
programs of open-disclosure based on peer sup-
port, and guided by senior clinicians who mentor 
and support caregivers before and during an 
adverse event, can improve the outcomes of 
patients, providers, and organizations. 

 In the second area, trust must be built around 
efforts to  ensure hierarchical and organizational 
transparency . When clinicians do not feel safe or 
it they feel unsupported and threatened, they do 
not speak up about ongoing and emerging threats 
and consequences that undermine safe practices 
[ 3 ]. Avoiding diffi cult conversations keeps us from 
becoming more reliable. Without trust, clinicians 
tend to resist intentional change, partly because 
competing commitments and assumptions effec-
tively hold the “status quo” in place. Moreover, the 
inability to implement change can be exacerbated 
by patters of work fl ow that incorporate “normal-
ized deviance,” in which some processes of care 
have evolved over time to fi t established work 
fl ow and systems, even though these practices 
may be viewed as “unsafe” and not sanctioned [ 4 ]. 
Further, if a culture of fear is contributing to nor-
malized deviance, this will keep clinicians from 
doing the right thing the joy in continuing to work 
and prosper as pediatric cardiovascular providers 
[ 5 ]. The cognitive dissonance that clinicians and 
executives feel when confronted by organizational 
opaqueness is predictable and can lead to a lack of 
sharing of information, lack of learning, and ulti-
mately disruptive behaviors, frustration, burnout, 
and high churn rates [ 6 ]. 
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 In this book, we have synthesized many of the 
leading theories from the clinical sciences, orga-
nizational communication, medical sociology, 
change management, process improvement, and 
public policy. We have described how these theo-
ries will advance pediatric and congenital cardiac 
care. Developing an inclusive and pragmatic con-
ceptual framework of the factors that shape shar-
ing of knowledge may help improve learning, 
team building, system resilience, and quality out-
comes in cardiac care. This new framework is 
consistent with the resilience engineering model 
around the importance of occupational and orga-
nizational structure [ 7 ]. There are three compati-
bility factors in this model that can be applied to 
cardiac care:
•     knowledge factors  related to the epistemo-

logical differences between groups and “silos” 
in care; for example, how groups make sense 
of their work; how they understand the role of 
other professionals; and how meaning is artic-
ulated by managers versus by staff;  

•    cultural factors  related to the shared mean-
ings and values that shape communication; for 
example, when knowledge should be shared 
and with whom and how institutional norms, 
identities, and trust reinforce boundaries and 
hoarding of knowledge; and  

•    organizational factors  related to the infl uence of 
departmental, regulatory, and institutional factors 
that shape sharing of knowledge, such as socio-
legal rules, professional jurisdictions, organiza-
tional priorities, and constraints of resource.    
 Complexity theory [ 8 ] points to three types of 

problems:
    1.     simple , in which the relationship between 

cause and effect is obvious to all (e.g., placing 
a chest tube; an antibiotic cures a bacterial 
infection);   

   2.     complicated  (e.g., putting a patient on extra-
corporeal membrane oxygenation [ECMO]; 
diagnosing a bacterial infection); and   

   3.     complex  (e.g., tracing the bacterial infection 
to contaminated water; repairing the defective 
heart of a child, designing new software).    
  In complex settings where all the elements 

and interactions are not knowable, and even with 
a shared aim and relationships among the mem-
bers of the team, adverse events may still occur. 

 The systems approach many authors evoke in 
our book draws attention to the wider organization, 
management, and culture of healthcare. Research 
has revealed, for example, that threats to safety in 
the acute phase (i.e., in the operating theater), sub-
acute phase, and hospital discharge phase are 
shaped by inter-departmental relationships, attitu-
dinal differences, and cultures that normalize risk. 
To date, however, this research has tended to focus 
on systems of care within confi ned areas and single 
clinical environments or organizational settings, 
such as settings of primary or secondary care, the 
operating room, the intensive care unit, and the 
emergency department. Little attention however 
has been paid to the threats to patient safety that 
arise when patients and information move between 
and across systems (microsystems) of care. 

 It is important to appreciate both the barriers 
and drivers leading to safe and reliable outcomes. 
These barriers and drivers are usually a complex 
and meshed “constellation” of factors found 
within and between organizational processes [ 9 ]. 
These barriers and drivers include:
•    regulatory and media pressures;  
•   organizational boundaries;  
•   perverse fi nancial incentives; and,  
•   shifting of professional responsibility.    

 Continuous quality improvement in healthcare 
requires bringing multiple systems of knowledge 
together and being open to constant refi nement 
and refl ection. “Good” science involves more than 
evidence of effect; it requires innovative methods 
of research, including “action research,” “expan-
sive learning,” and other “ethno-methodologies.” 
These new methods can help shed light on the 
relationships and interactions between providers, 
patients, and the technologies that support and 
mediate this interaction. The shared benefi t of 
these methods can lead to the active engagement 
of patients, providers, and the research commu-
nity, working together to engender respect, trust, 
and collaborative relationships. This engagement 
will also help maintain the joy of working, nur-
ture the passion that originally drew providers 
to healthcare, and reinforce the commitment of 
dedicated clinicians, allowing them to be coura-
geous and compassionate. 

  High-reliability organizational approaches —
 those capable of prolonged, consistent, and 
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safe performance —are a hallmark of high-risk 
industries, outside of healthcare [ 10 ]. In the face 
of the growing forces of healthcare reform and 
increased market competition in for-profi t sys-
tems, moving to high reliability requires adopting 
and supporting a culture of mindfulness, engage-
ment and transparency. Such a culture will shed 
light on the relationship and synergy of a variety 
of organizational risk factors and their effect on 
producing harm and ineffi ciency. This culture 
strives to understand how to support mindful 
technologies and learning that are embedded in 
routine practice, and encourages norms and val-
ues that characterize high- reliability organiza-
tions, including a:
•    preoccupation with preventing failure;  
•   reluctance to simplify operations;  
•   commitment to resilience; and,  
•   deference to sharp-end, front-line clinicians.    

 The engagement of clinicians occurs when it 
makes sense and clinicians can see that it adds 
value to patient care. Strategies to promote clini-
cian engagement must [ 11 ]:
•    mobilize clinicians to move and experiment 

within their own systems;  
•   provide permission, space, and time to fi nd 

purpose and set directions in partnership with 
their patients and consumers;  

•   direct attention to what is happening at the 
level of delivery of service; and,  

•   facilitate respectful interaction between clini-
cians and managers.    
 Ackoff et. al. wrote about “power over” versus 

“power to” in regards to getting things done [ 12 ]. 
“Power over” is the use of authority to punish or 
reward. “Power to” is the use of ideas to inspire, 
engage, and transform front-line workers into 
champions of new ideas. The success of health 
organizations shifts from “power over” workers 
and patients, to “power to” from top-down man-
agement to a partnership with patients, families, 
and communities. Although there is little ques-
tion that quality improvement and patient safety 
lie at the heart of a major shift in how people 
think about and deliver pediatric and congenital 
cardiac care, the shift itself will require a full gen-
eration to fully mature [ 13 ]. The foundation of 
this evolution in pediatric and congenital cardiac 
care requires an depth appreciation of the 

inter- relationships of the domains of outcomes 
analysis, quality improvement, and patient safety 
(Fig.  36.1 ) [ 14 ].

   The Venn diagram (Fig.  36.1 ) demonstrates 
the close and overlapping relationships between 
the three domains of this textbook: outcomes 
analysis, quality improvement, and patient safety. 

 The editors feel that the ideas in this book could 
not be timelier, and we therefore appreciate the 
thoughts and wisdom from the community of 
experts we have assembled. These ideas present a 
road map: how to “think different” and how to bet-
ter engage patients, clinicians, and providers emo-
tionally and intellectually in transforming health 
care—the core work of this generation of commit-
ted professionals. We hope you will fi nd this book 
helpful and trust you will enjoy reading it as much 
as we have enjoyed preparing it.    
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