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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 

  Pref ace   
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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 

     

Preface
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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  :   Outcomes Analysis  ,   Quality 
Improvement  ,   and Patient Safety  , ” is Volume 1 
of one of a two volume textbook. The focus of 
Volume 1 is outcomes analysis. The focus of 
Volume 2 is quality improvement and patient 
safety. The fi rst volume of this textbook concen-
trates on measurement and analysis of health out-
comes. Leading work has been undertaken in 
pediatric cardiac care to understand and measure 
improved patient outcomes and how to establish 
collaborative defi nitions and tools of measure-
ment. The book highlights best practices for mea-
suring outcomes of pediatric cardiac care. 
Meaningful analyses of outcomes requires a 
database that can incorporates the following 
seven essential elements: (1) Use of a common 
language and nomenclature; (2) Use of a data-
base with an established uniform core dataset for 
collection of information; (3) Developing a 
mechanism for evaluating case complexity; (4) 
Using a mechanism to assure and verify the com-
pleteness and accuracy of the data collected; (5) 
Collaboration between medical and surgical sub-
specialties with assistance by health service 
researchers; (6) Standardization of data collec-
tion protocols; and (7) Incorporation of strategies 
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for quality assessment and quality improvement. 
Volume 1 of this textbook will focus on these 
seven essential areas while, volume 2 will cover 
both implementation science for continuous 
quality improvement, safety science and systems 
improvement. 

 The fi elds of pediatric cardiology and cardiac 
surgery have grown and developed faster than 
most other fi elds in medicine. The fundamental 
biological embryological causes contributing 
to congenital heart disease are far from 
 understood. There are great variations in the 
complexity of congenital cardiac defects, but 
nevertheless there are well established treatment 
options for correction and palliation of most 
defects. It seems, however, that despite unprece-
dented levels of spending on pediatric cardiac 
care, preventable medical errors have not been 
reduced, uncoordinated care continues 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 many possible factors related 
to this unexpected circumstance, including the 
introduction of new technology that alters rather 
than improves systems for care, the lack of 
engagement of front line staff in decision mak-
ing the complexity of patient disease and the 
increasing toxicity of medical treatments. 

 Delivering safe pediatric cardiac care is com-
plex and complicated. The way, we organize as 
teams, the systems of care we develop, and the 
means by which we collaborate and share infor-
mation are crucial for delivering safe and cost 
effective care [ 2 ]. Indeed, the delivery of safe and 
reliable patient care is an international health sys-
tem priority. In the early days of pediatric cardiac 
surgery, mortality rates were very high. During 
the past three decades, survival among chil-
dren born with even the most complex cardiac 
defects has increased substantially 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, suggest-

ing that perhaps this outcome variable is perhaps 
no longer the best metric by which cardiac sur-
gery programs can be evaluated. However, the 
mortality rates between institutions continues to 
vary up to sixfold, suggesting there is still many 
modifi able factors related to case volume, experi-
ence, and practice variability [ 5 ]. Morbidity and 
preventable adverse events are better metrics for 
the evaluation of performance and competence, 
but are diffi cult to measure, vary between and by 
systems of care, and are dependent on the socio-
technical interactions of the care we provide 
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. The quality of life achieved by our 
patients following the care we deliver is arguably 
the most important outcome metric for children 
with heart defects. 

 Rapid advancements that followed from 
improved diagnostic modalities (i.e., 2D echocar-
diography among others), improved technology 
in cardiopulmonary bypass, and new manage-
ment paradigms and prostaglandin E1 infusions 
to maintain patency of the arterial duct, have all 
contributed to the remarkable successes in treat-
ing these children. Despite remarkable advances, 
there still remains a relatively high rate of early 
and late adverse events (mortality and mor-
bidity), particularly in newborns and infants. 
The frequency of events and the focused patient 
population means that providers caring for chil-
dren with congenital and pediatric cardiac dis-
ease are compelling model for investigating 
resilient systems, human errors, and their impact 
on patient safety [ 2 ]. 

 This fi rst of a kind cross-disciplinary collab-
oration by four lead clinician editors from dis-
parate medical disciplines (i.e., cardiac surgery, 
cardiology, anesthesia, and critical care), has 
pulled together an international community of 
scholarship with articles by luminaries and cut-
ting edge thinkers on the current and future status 
of pediatric and congenital cardiac care.  

 Intense scrutiny and measurement of clinical 
outcomes is increasing at a rapid rate, beyond 
institutions, regions, and borders. Simultaneously, 
the requirement and demand for more transpar-
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ency and more public reporting, new regulations, 
and penalties when reported outcomes do not 
meet expectations is increasing. We believe the 
current multi- disciplinary approaches in pediat-
ric cardiac care can provide a collaborative road 
map for other disciplines and fi elds in healthcare 
such as medicine, 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 engage 
users in more creative ways that rely on systems 
thinking, involved redesign of work practices [ 2 ].  

 Although the fi eld of pediatric and con-
genital cardiac care has received worldwide 
recognition as a leader in outcomes analysis, 
quality improvement, and patient safety and 
has advocated for system-wide changes in 
organizational culture, opportunities remain to 
lower costs, reduce risks, and improve perfor-
mance. The fi eld has many complex procedures 
that depend on a sophisticated 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 such as aviation and chemical manu-
facturing in which performance and outcomes 
depend on complex individual, technical, and 
organizational factors and the interactions 
among them [ 6 ].  

 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 interactions 
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—coordination, 
followership, cooperation, listening, negotiating, 
and so on—also can markedly infl uence the perfor-
mance 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 these inquiries is that many 
staff, patients, and managers had raised concerns 
about the standard of care provided to patients 
before the sentinel event. The events surround-
ing 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 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 get-
ting around processes which seem to be unneces-
sary or which impede the workfl ow. This concept 
is known as normalization of deviance [ 14 ]. This 
accumulated and excepted acceptance of cutting 
corners or making work-arounds over time poses 
a great danger to healthcare systems. Similar 
fi ndings have been described in other investiga-
tions into major episodes of clinical failure, and 
healthcare systems need to heed similar lessons 
from other industries [ 15 ,  16 ]. This concept is 
shown schematically in Fig.  1.1 . 

1 Introduction



6

 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 [ 17 ]. 
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 orga-
nizational context [ 18 ]. An organizational acci-
dent model proposes that adverse incidents be 
examined both [ 19 ]:
•    From an organizational perspective that incor-

porates the concept of active and latent condi-
tions, and  

•   From an individual perspective that considers 
the cascading nature of human error.    
 To improve outcomes of children with heart 

defects, we need to create and support an orga-
nizational conditions, resources, and culture in 
which clinicians can produce safe outcomes. 
Leaders in our fi eld must create the climate that 
allows people to acknowledge mistakes and 
encourages clinicians to innovate. There is tight 
coupling and complexity across pediatric cardiac 
care, and the ability of the team to recognize and 
respond quickly and appropriately to errors and 
threats is essential to minimize the consequences 
and ensure recovery [ 20 ,  21 ]. 

  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 [ 22 ]. High reliability is centered on 
supporting and building a culture of trust, trans-
parency, and psychological safety [ 23 ]. 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 orga-
nizational 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 to the 
care of their patients and their families, as well as 
managing processes for optimization, standard-
ization, and continuous measuring and monitor-
ing of outcomes [ 24 ].

   Finally, trust and collaboration within teams, 
between institutions, and across institutional and 
jurisdictional borders are essential elements in 
pediatric cardiac care to ensure clinicians feel 
safe and empowered to speak up and talk about 
processes and outcomes that could be improved 
[ 25 – 27 ].  

 This book came about from a long standing 
friendship and camaraderie of the editors who 
collectively believe that we should continuously 
strive to 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 
Pediatric Cardiology [ 28 ,  29 ]. The editor’s feel 
strongly that no one repository exists for the three 
inter- related domains of outcomes analysis, qual-
ity 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 
clinicians—and incorporating relevant knowl-
edge from other scientifi c disciplines such as 
operations research, organizational behavior, 
industrial engineering, and human factors psy-
chology. In order to best engage with medical 
staff, the focus of improvement efforts should be 
on bringing even more scientifi c discipline and 
measurement to the design of healthcare deliv-
ery. The need exists to develop innovative mod-
els of care that lower the complexity and cost 
of delivering health care, while  simultaneously 

Outcome
measurement
and monitoring

Process optimization
and standardization

Responsibilities and
accountability

Organizational
culture

  Fig. 1.1    High reliability organizations and their organi-
zational culture (Reprinted from Berg et al. [ 30 ])       
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improving clinical outcomes and the patient 
experience. 

 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 cur-
rent initiatives in outcomes analysis, quality 
improvement, and patient safety in our fi eld of 
pediatric and congenital cardiac care. Moreover, 
we hope the content and the authors of this text 
will inspire readers, foster engagement, and 
change, and that through collaboration and shar-
ing, pediatric cardiac care with be enriched and 
improved.    
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    Abstract  

  Cardiac surgery has been quantitative from its onset. As the fi eld  progressed, 
surgeons encountered questions that required going beyond existing and 
traditional methods, fostering both adoption of analytic methods from non-
medical fi elds (communication, industrial sciences, and physics, for exam-
ple) and development of new ones. These were underpinned by specifi c 
philosophies of science about uncertainty, causes of surgical failure as a 
result of human error on the one hand and lack of scientifi c progress on the 
other, and how to express effectiveness and appropriateness to inform the 
timing of surgery and its indications. Included were traditional methods 
such as confi dence limits and P-values, but also appreciation of why human 
error takes limited forms, as studied by human factors and cognitive 
researchers. The “incremental risk factor concept” reinterpreted variables 
associated with outcomes, initially in the context of congenital heart dis-
ease. New methods were either developed within the discipline or intro-
duced, including those for survival analysis and competing risks that 
accounted for non- proportional hazards by temporal decomposition and 
separate risk factors for different time frames of follow-up. More recently, 
longitudinal methods to examine binary, ordinal, and continuous outcomes 
were developed. Propensity-score–based methods for comparative effec-
tiveness studies, particularly in light of the limited ability to randomize 
treatments, enabled identifying complementary rather than competing 
techniques. However, just as the evolution of surgery has not stopped, nei-
ther has the quest for better methods to answer surgeons’ questions. 
Increasingly, these require advanced algorithmic data analytic methods, 
such as those developing in the fi eld of genomic informatics.  
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     Cardiac surgery—and particularly surgery for 
congenital heart disease—was quantitative from 
the outset [ 1 ], more so than most other medical 
specialties. This was largely stimulated by John 
Kirklin, who said “our true progress must con-
tinue to be based on research done painstakingly 
and accurately, and on experience honestly and 
wisely interpreted.” As time went on, he, his col-
leagues, and others in the fi eld embraced and 
advocated for statistical methods that answered 
increasingly important and complex questions. 
They fostered development of new methods 
“born of necessity” when they encountered ques-
tions existing methods could not answer [ 2 ]. 

 With time, however, the underlying philosophi-
cal underpinnings and assumptions, limitations, 
and rationale for use and development of these 
methods can be forgotten, leading to less under-
standing and even misunderstanding. Readily 
available do-it-yourself statistical packages con-
sisting of a limited repertoire of “standard” proce-
dures encourage use of methods, applied with little 
understanding, that may be inappropriate. 
Economics may also drive a wedge between col-
laborating statisticians and clinicians, as mean-
while there is explosive development of statistical 
techniques, some of which may be perfectly suited 
to answering the question clinicians are asking. 

 Therefore, this introductory chapter traces his-
torical roots of the most common qualitative and 
quantitative statistical techniques that play an 
important role in assessing early and late results 
of therapy for pediatric and congenital heart dis-
ease. I will introduce them in roughly the order 
they came into use in this fi eld, which roughly 
recapitulates the simple to the more complex. 

    Uncertainty 

    Confi dence Limits 

 In 1968 at the University of Alabama Hospital, 
outcomes of portacaval shunting for esophageal 

varices were presented at Saturday morning 
Surgical Grand Rounds: 10 hospital deaths 
among 30 patients. An outside surgeon receiving 
the live televised feed called in and began, “My 
experience has been exactly the same.…” Dr. 
Kirklin asked the caller how many portacaval 
shunts he had performed. “Three, with one death, 
the same mortality as you have experienced.” 

 Dr. Kirklin had no doubt that the caller was 
being truthful, but intuitively believed that one 
must know more from an experience on 30 than 
3. I indicated that there was a formal way to 
quantify his intuitive belief: confi dence limits. 
Confi dence limits are expressions of uncertainty. 
It is not that the data are uncertain—indeed, if 
one just wants to report facts and draw no infer-
ences from them, such as risk for future patients, 
expressions of uncertainty are not needed. 
Confi dence limits transform historic records of 
achievement into honest assessments of therapy 
for future patients, accounting for limited 
experience. 

 Underlying the concept of uncertainty, and 
confi dence limits as their refl ection, are at least 
two essential philosophical premises. First, 
unlike the nihilist, we embrace the philosophy 
that the future can be predicted, at least to some 
extent. Second, when we say we are predicting, 
we are referring to a prediction concerning the 
probability of an event for a future patient; we 
generally cannot predict exactly who will experi-
ence an event or when that event will occur. 

 Historically, the roots of confi dence limits can 
be traced to Galileo, seventeenth century gam-
blers, and alchemists [ 3 ,  4 ]. If three dice are 
thrown at the same time, the gamblers wanted to 
know, what is the total score that will occur most 
frequently, 10 or 11? From 1613 to 1623, increas-
ingly meticulous experiments were done to guar-
antee fair throws. To everyone’s astonishment, 
these yielded equal occurrences of every possi-
bility. From these 10 years of experimentation, 
Galileo developed what became known as the 
Laws of Chance, now known as the  theory of 
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probability  [ 5 ]. The laws were derived from the 
ordering logic of combination and permutations 
that had been developed by the alchemists. 

 We postulated that events and phenomena of 
cardiac surgery can also be considered to behave 
in accordance with this theory. These laws indi-
cate that the larger the sample, the narrower the 
confi dence limits around the probabilities esti-
mated for the next patient. For treatment of 
patients with congenital heart disease,  n —the 
number of patients—tends to be small. 
Confi dence limits around point estimates of 
adverse events, therefore, are essential for inter-
preting the results and drawing inferences about 
risk for the next patient. 

 But what confi dence limits should we use? We 
cannot use 100 % confi dence limits because they 
always extend from 0 to 100 %. In the late 1960s, 
we decided on 70 % confi dence limits. This was 
not an arbitrary decision, but was carefully con-
sidered. Seventy percent confi dence limits (actu-
ally 68.3 %) are equivalent to ±1 standard error. 
This is consistent with summarizing the distribu-
tion of continuous variables with mean and stan-
dard deviation, and of model parameter estimates 
as point estimates and 1 standard error. Further, 
overlapping vs. nonoverlapping of confi dence 
limits around two point estimates can be used as 
a simple and intuitive scanning method for deter-
mining whether the difference in point estimates 
is likely or unlikely to be due to chance alone [ 6 ]. 
When 70 % confi dence limits just touch, the  P  
value for the difference is likely between 0.05 
and 0.1. When confi dence limits overlap, the dif-
ference in point estimates is likely due to chance; 
when they are not overlapping, the difference is 
unlikely to be due to chance alone.  

     P  Values 

 In the context of hypothesis (or signifi cance) test-
ing, the  P  value is the probability of observing 
the data we have, or something even more 
extreme, if a so-called  null hypothesis  is true [ 7 ]. 
The phrase “statistically signifi cant,” generally 
referring to  P  values that are small, such as less 
than 0.05, has done disservice to the understand-
ing of truth, proof, and uncertainty. This is in part 

because of fundamental misunderstandings, in 
part because of failure to appreciate that all test 
statistics are specifi c in their use, in part because 
 P  values are frequently used for their effect on 
the reader rather than as one of many tools useful 
for promoting understanding and framing infer-
ences from data [ 8 – 10 ], and in part because they 
are exquisitely dependent on  n . 

 Historically, hypothesis testing is a formal 
expression of English common law. The null 
hypothesis represents “innocent until proven 
guilty beyond a reasonable doubt.” Clearly, two 
injustices can occur: a guilty person can go free 
or an innocent person can be convicted. These 
possibilities are termed type I error and type II 
error, respectively. Evidence marshalled against 
the null hypothesis is called a  test statistic,  which 
is based on the data themselves (the exhibits) and 
 n.  The probability of guilt (reasonable doubt) is 
quantifi ed by the  P  value or its inverse, the odds 
[(1/ P ) – 1]. 

 Some statisticians believe that hypothesis or 
signifi cance testing and interpretation of the  P  
value by this system of justice is too artifi cial and 
misses important information [ 11 – 13 ]. For exam-
ple, it is sobering to demonstrate the distribution 
of  P  values by bootstrap sampling—yes,  P  values 
have their own confi dence limits, too! These indi-
viduals would prefer that  P  values be interpreted 
simply as “degree of evidence,” “degree of sur-
prise,” or “degree of belief” [ 14 ]. We agree with 
these ideas and suggest that rather than using  P  
values for judging guilt or innocence (accepting 
or rejecting the null hypothesis), the  P  value itself 
should be reported as degree of evidence. In addi-
tion, machine learning ideas, which view data as 
consisting of signals buried in noise, have intro-
duced multiple alternatives to  P  values that are 
less sensitive to  n . 

 In using  P  values, some threshold is often set 
to declare a test statistic “signifi cant.” Sir Ronald 
Fisher, who introduced the idea of  P  values, 
wrote, “Attempts to explain the cogency of tests 
of signifi cance in scientifi c research by hypothet-
ical frequencies of possible statements being 
right or wrong seem to miss their essential nature. 
One who ‘rejects’ a hypothesis as a matter of 
habit, when P ≥ 1 %, will be mistaken in not more 
than 1 % of such decisions. However, the 
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 calculation is absurdly academic. No scientifi c 
worker has a fi xed level of signifi cance at which 
from year to year, and in all circumstances, he 
rejects hypotheses; he rather gives his mind to 
each particular case in the light of his evidence 
and his ideas” [ 15 ].   

    Human Error 

 Although it may seem that human error is dis-
tanced far from statistics, in fact, qualitative anal-
ysis of human error played a prominent role in 
how we approached statistics in the early 1970s. 
As early as 1912, Richardson recognized the need 
to eliminate “preventable disaster from  surgery” 
[ 16 ]. Human errors as a cause of surgical fail-
ure are not diffi cult to fi nd [ 17 – 19 ], particularly 
if one is careful to include errors of diagnosis, 
delay in therapy, inappropriate operations, omis-
sions of therapy, and breaches of protocol. When 
we initially delved into what was known about 
human error in the era before Canary Island 
(1977), Three-Mile Island (1979), Bhopal (1984), 
Challenger (1986), and Chernobyl (1986), events 
that contributed enormously to developing for-
mal knowledge of the cognitive nature of human 
error, we learned two lessons from investigat-
ing occupational and mining injuries [ 20 ,  21 ]. 
First, successful investigation of the role of the 
human element in injury depends on establish-
ing an environment of  non-culpable error  [ 21 ]. 
The natural human reaction to investigation of 
error is to become defensive and to provide no 
information that might prove incriminating. An 
atmosphere of blame impedes investigating, 
understanding, and preventing error. How for-
eign this is from the culture of medicine! We 
take responsibility for whatever happens to our 
patients as a philosophic commitment [ 22 ,  23 ]. 
Yet cardiac operations are performed in a com-
plex and imperfect environment in which every 
individual performs imperfectly at times [ 24 ]. It 
is too easy, when things go wrong, to look for 
someone to blame [ 25 ]. Blame by 20/20 hind-
sight allows many root causes to be overlooked 
[ 26 ]. Second, we learned that errors of  omission  
exceed errors of  commission.  This is exactly what 

we found in ventricular septal defect repair, our 
fi rst published study of human error [ 19 ], sug-
gesting that the cardiac surgical environment is 
not so different from that of a gold mine and that 
we can learn from that literature. 

 Those who study human error suggest con-
structive steps for reducing it and, thus, surgical 
failure [ 27 – 30 ]. They affi rm the necessity for 
intense apprentice-type training that leads to 
automatization of surgical skill and problem- 
solving rules [ 31 ], the value of simulators for 
acquiring such skills [ 32 ], and creating an envi-
ronment that minimizes or masks potential dis-
tractions while supporting a system that discovers 
errors and allows recovery from them before 
injury occurs. In this regard, the pivotal study of 
human error during the arterial switch operation 
for transposition of the great arteries by de Leval 
and colleagues found that major errors were often 
realized and corrected by the surgical team, but 
minor ones were not, and the number of minor 
errors was strongly associated with adverse out-
comes [ 33 ,  34 ]. 

 This led Dr. Kirklin to suggest that there were 
two causes of surgical failure: lack of scientifi c 
progress and human error. The former meant that 
there were still gaps in knowledge that must be 
fi lled (research) in order to prevent these failures. 
The latter meant that we possess the knowledge 
to prevent human errors, but yet a failure 
occurred. A practical consequence of categoriz-
ing surgical failures into these two causes is that 
they fi t the programmatic paradigm of “research 
and development”: discovery on the one hand 
and application of knowledge to prevent failures 
on the other. The quest to reduce surgical failure 
by these two mechanisms is what drove us to use 
or develop methods to investigate these failures 
in a quantitative way .   

    Understanding Surgical Failure 

 Surgeons have intuitively understood that surgi-
cal failures, such as hospital mortality, may be 
related to a number of explanatory variables, 
such as renal and hepatic function [ 35 ]. However, 
we rarely know the causal sequence and fi nal 
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mechanism of these failures, particularly when 
they occur after a complex heart operation. There 
is simply no way of knowing absolutely every-
thing that may have infl uenced outcome. 
Although it is not at all satisfying, an alternative 
to a mechanistic explanation is to identify vari-
ables that appear to increase the risk of a patient 
experiencing an adverse event. This actually is a 
seminal idea in the history of biostatistics, and it 
was born and developed in the fi eld of heart dis-
ease by investigators in the Framingham epide-
miologic study of coronary artery disease [ 36 ]. 
Two papers are landmarks in this regard. In 1967, 
Walker and Duncan published their paper on 
multivariable analysis in the domain of logistic 
regression analysis, stating that “the purpose of 
this paper is to develop a method for estimating 
from dichotomous (quantal) or polytomous data 
the probability of occurrence of an event as a 
function of a relatively large number of indepen-
dent variables” [ 37 ]. Then in 1976, Kannel and 
colleagues coined the term “risk factors” (actu-
ally “factors of risk”), noting that (1) “a single 
risk factor is neither a logical nor an effective 
means of detecting persons at high risk” and (2) 
“the risk function … is an effective instrument … 
for assisting in the search for and care of persons 
at high risk for cardiovascular disease” [ 38 ]. In 
1979 the phrase “incremental risk factors” was 
coined at UAB to emphasize that risk factors add 
in a stepwise, or incremental, fashion to the risk 
present in the most favorable situation, as we will 
describe subsequently [ 39 ]. 

    A Mathematical Framework for Risk 

 Multivariable analysis as described by the 
Framingham investigators required a model as 
the framework for binary outcomes such as death. 
The model they chose was the logistic equation, 
which had been introduced by Verhulst between 
1835 and 1845 to describe population growth 
in France and Belgium [ 40 ,  41 ]. It describes a 
simple, symmetric S-shaped curve much like an 
oxygen dissociation curve, in which the horizontal 
axis is risk (where the lowest possible risk is  at – 
infi nity and the highest possible risk is at + infi nity, 

and 50 % risk is at 0) and the vertical axis is the 
probability of experiencing an event. The model 
reappeared in the work of Pearl and Reed at Johns 
Hopkins University in 1920 [ 42 ], and then promi-
nently at Mayo Clinic in the 1940, where Berkson 
described its use in bioassay (introducing terms 
such as the LD50 dose). The logistic equation was 
made a multivariable model of risk in the 1960s 
by Cornfi eld and colleagues [ 43 ] and Walker and 
Duncan [ 37 ]. 

 Unlike most investigators, however, Dr. Kirklin 
and I approached the risk factor analysis differently 
from most. We wanted to know how best to use 
logistic regression to understand surgical failure. 
This led us to develop a framework to facilitate this 
process. It was steeped in a concept of incremental 
risk factors, philosophy, and nomograms.  

    Incremental Risk Factor Concept 

 As I described in 1980 at the congenital heart dis-
ease meeting in London, an  incremental risk fac-
tor  is a variable identifi ed by multivariable 
analysis that is associated with an increased risk 
of an adverse outcome (surgical failure) [ 6 ,  39 ]. 
In the context of other simultaneously identifi ed 
factors, the  magnitude  (strength) and  certainty  ( P  
value) of an incremental risk factor represent its 
contribution over and above those of all other 
factors. Thus, it is incremental in two ways: (1) 
with respect to being associated with  increased  
risk and (2) with respect to other factors simulta-
neously incorporated into a risk factor equation. 

 In understanding surgical failures, we believed 
the incremental risk factor concept was useful in 
several ways.
•    Incremental risk factors are variables that 

refl ect increased diffi culty in achieving surgi-
cal success.  

•   Incremental risk factors are  common denomi-
nators  of surgical failure.  

•   Some incremental risk factors refl ect  disease 
acuity.   

•   Some incremental risk factors refl ect  immuta-
ble conditions  that increase risk. These include 
extremes of age, genetic disorders, gender, 
and ethnicity.  
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•   Some incremental risk factors refl ect  infl uential 
coexisting  noncardiac diseases  that shorten 
life expectancy in the absence of cardiac 
disease.  

•   Incremental risk factors are usually  surrogates  
for true, but unmeasured or unrecognized, 
sources of surgical failure.  

•   An incremental risk factor may be a cause or 
mechanism of  surgical failure.  It is diffi cult to 
establish a causal mechanism outside the 
scope of a randomized, well-powered, and 
well-conducted generalizable clinical trial. 
This is because of confounding between selec-
tion factors infl uencing treatment recommen-
dations and decisions and outcome. Balancing 
score methods (such as propensity score) 
attempt to remove such confounding and 
approach more closely causal inferences [ 44 ].  

•   Some incremental risk factors refl ect  temporal 
experience . The “learning curve” idea is 
intended to capture variables relating to expe-
rience of the surgical team, but also those rep-
resenting temporal changes in approach or 
practice.  

•   Some incremental risk factors refl ect  quality 
of care  and, as such, “blunt end” ramifi cations 
of institutional policies and practices, health 
care systems, and national and political 
decisions.  

•   Incremental risk factors refl ect individual 
patient  prognosis.  They cannot be used to 
identify  which  patient will suffer a surgical 
failure, but they can be used to predict the 
 probability  of failure.  

•   However, incremental risk factors may be  spu-
rious associations  with risk.     

    Philosophy 

 The inferential activity of understanding surgical 
failure, aimed at improving clinical results, is in 
contrast to pure description of experiences. Its 
motivation also contrasts with those aspects of 
“outcomes assessment” motivated by regulation 
or punishment, institutional promotion or protec-
tion, quality assessment by outlier identifi cation, 
and negative aspects of cost justifi cation or 

 containment. These coexisting motivations 
 stimulated us to identify, articulate, and contrast 
philosophies that informed our approach to analy-
sis of clinical experiences. I have described these 
in detail in the Kirklin/Barratt-Boyes text  Cardiac 
Surgery,  but a few that were central to how we 
interpreted risk factors bear repeating [ 45 ]. 

    Continuity Versus Discontinuity 
in Nature 
 Many risk factors related to outcome are mea-
sured either on an ordered clinical scale (ordinal 
variables), such as New York Heart Association 
(NYHA) functional class, or on a more or less 
unlimited scale (continuous variables), such as 
age. Three hundred years after Graunt, the 
Framingham Heart Disease Epidemiology Study 
investigators were faced with this frustrating 
problem [ 36 ,  46 ]. Many of the variables associ-
ated with development of heart disease were con-
tinuously distributed ones, such as age, blood 
pressure, and cholesterol level. To examine the 
relationship of such variables to development of 
heart disease, it was then accepted practice to cat-
egorize continuous variables coarsely and arbi-
trarily for cross-tabulation tables. Valuable 
information was lost this way. Investigators rec-
ognized that a 59-year-old’s risk of developing 
heart disease was more closely related to that of a 
60-year-old’s than to that of the group of patients 
in the sixth versus seventh decade of life. They 
therefore insisted on examining the entire spec-
trum of continuous variables rather than subclas-
sifying the information. What they embraced is a 
key concept in the history of ideas, namely,  con-
tinuity in nature.  The idea has emerged in math-
ematics, science, philosophy, history, and 
theology [ 47 ]. In our view, the common practice 
of stratifying age and other more or less continu-
ous variables into a few discrete categories is 
lamentable, because it loses the power of conti-
nuity (some statisticians call this “borrowing 
power”). Focus on small, presumed homoge-
neous, groups of patients also loses the power 
inherent in a wide spectrum of heterogeneous, 
but related, cases. After all, any trend observed 
over an ever-narrower framework looks more and 
more like no trend at all! Like the Framingham 
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investigators, we therefore embraced continuity 
in nature unless it can be demonstrated that doing 
so is not valid, useful, or benefi cial.  

    Linearity Versus Nonlinearity 
 Risk factor methodology introduced a complex-
ity. The logistic equation is a symmetric S-shaped 
curve that expresses the relationship between a 
scale of risk and a corresponding scale of abso-
lute probability of experiencing an event [ 39 ,  48 ]. 
The nonlinear relationship between risk factors 
and probability of outcome made medical sense 
to us. We could imagine that if all else positions a 
patient far to the left on the logit scale, a 
 1-logit- unit increase in risk would result in a triv-
ial increase in the probability of experiencing an 
event. But as other factors move a patient closer 
to the center of the scale (0 logit units, corre-
sponding to a 50 % probability of an event), a 
1-logit-unit increase in risk makes a huge differ-
ence. This is consistent with the medical percep-
tion that some patients experiencing the same 
disease, trauma, or complication respond quite 
differently. Some are medically robust, because 
they are far to the left (low-risk region) on the 
logit curve before the event occurred. Others are 
medically fragile, because their age or comorbid 
conditions place them close to the center of the 
logit curve. This type of sensible, nonlinear med-
ical relation made us want to deal with absolute 
risk rather than relative risk or risk ratios [ 49 ]. 
Relative risk is simply a translation of the scale of 
risk, without regard to location on that scale. 
Absolute risk integrates this with the totality of 
other risk factors.  

    Nihilism Versus Predictability 
 One of the important advantages of using equa-
tions such as the logistic equation is that they can 
be used to predict results for either groups of 
patients or individual patients. We recognize that 
when speaking of individual patients, we are 
referring to a prediction concerning the probabil-
ity of events for that patient; we generally cannot 
predict exactly who will experience an event or 
when an event will occur. Of course, the nihilist 
will say, “You can’t predict.” A doctor cannot 
treat patients if he or she is a nihilist and believes 

that there is no way to predict if therapy will have 
an effect. Thus, although we do not want to over- 
interpret predictions from logistic models, we 
nevertheless believe the predictions made are bet-
ter than “seat of the pants” guesses.  

    Parsimony Versus Complexity 
 Although clinical data analysis methods and 
results may seem complex at times, as in the 
large number of risk factors that must be assessed, 
an important philosophy behind such analysis is 
parsimony (simplicity). There are good reasons 
to embrace parsimony to an extent. One is that 
clinical data contain inherent redundancy, and 
one purpose of multivariable analysis is to iden-
tify that redundancy and thus simplify the dimen-
sionality of the problem. A corollary is that there 
are likely variables that just introduce noise, and 
what we want to fi nd is real signal. A second rea-
son is that assimilation of new knowledge is 
incomplete unless one can extract the essence of 
the information. Thus, clinical inferences are 
often even more digested and simpler than the 
multivariable analyses. We must admit that sim-
plicity is a virtue based on philosophic, not scien-
tifi c, grounds. The concept was introduced by 
William of Ocken in the early fourteenth century 
as a concept of beauty—beauty of ideas and theo-
ries [ 50 ]. Nevertheless, it is pervasive in science. 
There are dangers associated with parsimony and 
beauty, however. The human brain appears to 
assimilate information in the form of models, not 
actual data [ 51 ]. Thus, new ideas, innovations, 
breakthroughs, and novel interpretations of the 
same data often hinge on discarding past para-
digms (thinking “outside the box”) [ 52 ]. There 
are other dangers in striving for simplicity. We 
may miss important relations because our thresh-
old for detecting them is too high. We may reduce 
complex clinical questions to simple but inade-
quate questions that we know how to answer.   

    Nomograms 

 One of the most powerful tools to understand the 
relationship of incremental risk factors to surgi-
cal failure is graphics [ 53 ]. An important reason 
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for our using and even developing completely 
parametric models such as the logistic model was 
that they so easily allow graphics to be generated 
in the form of  nomograms,  as advocated by the 
Framingham investigators [ 49 ]. For example, if 
an analysis indicates an association of survival 
with young age, we want to know what the shape 
of that relationship is. Is it relatively fl at for a 
broad range of age and then rapidly increasing at 
neonatal age? Or does risk increase or decrease 
rather linearly with age? Although the answers to 
these questions are contained within the numbers 
on computer printouts, these numbers are not 
easily assimilated by the mind. However, they 
can be used to demonstrate graphically the shape 
of the age relation with all other factors held 
constant. 

 Because graphics are so powerful in the pro-
cess of generating new knowledge, an important 
responsibility is placed on the statistician to be 
sure that relations among variables are correct. 
Often, variables are examined and statistical 
inferences made simply to determine whether a 
continuous variable is a risk factor, without pay-
ing particular attention to what the data convey 
regarding the shape of the relationship to out-
come. Instead, the statistician needs to focus dur-
ing analysis on linearizing transformations of 
scale that may be needed to faithfully depict the 
relationship. Our experience indicates that most 
relations of continuous variables with outcome 
are smooth. They do not show sharp cut-offs, 
something we think investigators should be dis-
couraged to look for.   

    Effectiveness, Appropriateness, 
Timing, and Indications 
for Intervention 

 Our initial focus was on surgical success and sur-
gical failure (safety), but we soon began to inves-
tigate the effectiveness, appropriateness, and 
timing of intervention. The concept evolved that, 
only after we knew about the safety, effective-
ness, long-term appropriateness, and optimal 
timing of possibly alternative interventions ver-
sus the natural history of disease, would we be 

able to defi ne indications for intervention. This 
was subsequently embodied in the organization 
of each chapter of the Kirklin/Barratt-Boyes text 
 Cardiac Surgery  [ 45 ]. This was backward to the 
usual surgical thinking of the time, which began 
at indications rather than ended there. 

 What we immediately realized was that for 
most congenital heart lesions, knowledge of nat-
ural history was scant. In seeking sources of that 
information, we were faced with time-related 
mortality data in multiple different formats. 
Some data were typical right-censored (meaning 
that we knew the time of death—uncensored 
observations—and the time of follow-up of per-
sons still surviving—censored observations). 
Others were presented as temporal blocks of data 
and counts of deaths (eg, died within fi rst year, 
fi rst year to age 5, 5–10, and so forth). Statisticians 
call this interval-censored count data. Yet others 
came from census data for which we knew noth-
ing about deaths, only about patients in various 
time frames who were still alive (cross-sectional 
censored data). Dr. Kirklin was aware of, and had 
himself performed the calculations, for Berkson’s 
life table method [ 44 ,  54 ], and I had worked for 
Dr. Paul Meier of Kaplan-Meier fame using the 
product-limit method [ 55 ]. But this heteroge-
neous type of data necessitated forging new col-
laboration with an expert in such matters, Dr. 
Malcolm Turner. He indicated to us that our 
problem went deeper than just the data: We 
needed to fi gure out how we would manipulate 
those data once we had answers to the natural 
history question. It was his belief that we once 
again needed to formulate equations that could be 
mathematically manipulated to identify, for 
example, optimal timing of intervention. Thus 
began a decade-long quest for a parametric model 
of survival, culminating in May 1983. 

 By that time two important things had hap-
pened. First, D. R. Cox in the United Kingdom 
had proposed a proportional hazards, semi- 
parametric approach to multivariable analysis of 
survival data [ 56 ]. Dr. Naftel visited him, showed 
him many of the survival curves we had gener-
ated, and asked for his advice. To our dismay, he 
responded that it was highly unlikely that the idea 
of proportional hazards was appropriate for the 
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intervention data we showed him. Immediately 
after surgery mortality was elevated, and he 
opined that risk factors for this likely were very 
different from those pertaining to long-term mor-
tality. Second, he thought the curves could be 
characterized as being of “low order” (that is, 
they could be described by a model with few 
parameters to estimate). Third, he believed that a 
fully parametric model is what we should be 
looking for so it could be easily manipulated not 
only for display of results, but for use in deter-
mining optimal timing of operation. Finally, he 
thought our group had enough mathematical fi re-
power to fi gure this all out. 

 The second event was failure of the Braunwald- 
Cutter valve [ 57 ]. Advice was sought from all 
quarters, including industry, on how to analyze 
the data and possibly make the tough and poten-
tially dangerous decision to remove these pros-
theses. This brought us into contact with Wayne 
Nelson, a General Electric statistician who was 
consulting for Alabama Power Company. He 
introduced us to the cumulative hazard method 
for calculating the life table, which brought sev-
eral advantages [ 58 ]. First, it could be used to 
analyze repeatable events, such as repeat hospi-
talizations and adverse events. Second, each 
event could be coupled with what he called a cost 
value, such as severity of a non-fatal event, e.g., a 
stroke [ 59 ,  60 ]. Third, we needed to consider the 
competing risk of death as we thought about 
potentially non-fatal events. 

 Thus, in developing a comprehensive model 
for time-related events, of necessity we knew we 
had to take into account simultaneously the mul-
tiple formats the data might come in, repeatable 
events, weighting applied to these events, com-
peting risks, and mathematical manipulation of 
all these. 

    Time-Related Events 

 Time-related events are often analyzed by a 
group of methods commonly called “actuarial.” 
The word  actuarial  comes from the Latin  actu-
arius,  meaning secretary of accounts. The most 
notable actuarius was the Praetorian Prefect 

Domitius Ulpianus, who produced a table of 
annuity values in the early third century AD [ 4 ]. 
With emergence of both defi nitive population 
data and the science of probability, modern actu-
arial tables arose, produced fi rst by Edmund 
Halley (of comet fame) in 1693 [ 61 ]. He was 
motivated, as was Ulpianus, by economics related 
to human survival, because governments sold 
annuities to fi nance public works [ 4 ]. Workers in 
this combined area of demography and econom-
ics came to be known as  actuaries  in the late 
eighteenth century. In the nineteenth century the 
actuary of the Alliance Assurance Company of 
London, Benjamin Gompertz, developed mathe-
matical models of the dynamics of population 
growth to characterize survival [ 62 ]. In 1950, 
Berkson and Gage published their landmark 
medical paper on the life-table (actuarial) method 
for censored data, which they stated was no dif-
ferent from that used by others as early as at least 
1922 [ 44 ,  54 ]. In 1952, Paul Meier at Johns 
Hopkins University and, in 1953, Edward Kaplan 
at Bell Telephone Laboratories submitted to the 
 Journal of the American Statistical Association  a 
new method for survival analysis, the product- 
limit method, that used more of the data. 
Estimates were generated at the time of each 
occurrence of an event. Further, the basis for the 
estimates was grounded in sound statistical the-
ory. The journal editor, John Tukey, believed the 
two had discovered the same method, although 
presented differently, and insisted they join forces 
and produce a single publication. For the next 
5 years, before its publication in 1958 [ 55 ], the 
two hammered out their differences in terminol-
ogy and thinking, fearing all the while they would 
be scooped. The product-limit method (usually 
known as the Kaplan-Meier method), after con-
siderable delay awaiting the advent of high-speed 
computers to ease the computation load, became 
the gold standard of nonparametric survival anal-
ysis. Until 1972, only crude methods were avail-
able to  compare survival curves  according to 
different patient characteristics [ 63 – 70 ]. The 
introduction by Cox of a proposal for multivari-
able survival analysis based on a semi-parametric 
proportional hazard method revolutionized the 
fi eld [ 56 ]. 
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 Unlike nonparametric and even  semi- parametric 
survival estimation based on counting (martin-
gale) theory, model-based or parametric survival 
estimation arose out of biomathematical consider-
ation of the force of mortality, the hazard function 
[ 71 ]. The hazard function was a unidirectional rate 
value or function that transported, as it were, survi-
vors to death with the same mathematical relations 
as a chemical reaction (compartmental theory). 
This idea arose during the Great Plague of the 
 sixteenth century. John Graunt, a haberdasher, 
assumed a constant risk of mortality (the mortality 
rate or force of mortality), which generates an 
exponentially decreasing survival function (as 
does radioactive decay). He called this constant 
unidirectional rate the  hazard function  after a tech-
nical term for a form of dicing that had by then 
come into common usage to mean “calamity” 
[ 71 ]. Because a constant hazard rate presumes a 
mathematical model of survival, his was a  para-
metric method.  Today, this expression of hazard is 
called the  linearized rate . 

 Although linearized rates have been used to 
characterize time-related events after cardiac sur-
gery, particularly by regulatory agencies, it is 
uncommon for hazard to be constant [ 72 ]. A 
challenge in devising, however, a time-varying 
parametric hazard model was that we often had 
only a small portion of the complete survival 
curve, such as 5- or 10-year survival after repair 
of a ventricular septal defect. The approach we 
fi nally fi gured out in the spring of 1983 was a 
temporal decomposition, much like putting light 
through a prism and depicting its colors [ 73 ]. 
Each component of the decomposition domi-
nated a different time frame and could be modu-
lated by its own set of risk factors, all estimated 
simultaneously.  

    Repeatable Events 

 Unlike death, morbid events such as thromboem-
bolism or infection after transplantation may 
recur. The most common method of analysis is to 
focus only on its fi rst occurrence, ignoring any 
further information beyond that point for the 
patients experiencing the event. However, true 

repeated-events analysis can be performed using 
the Nelson estimator. Basically, patients are not 
removed from the patients at risk after they expe-
rience the event. Thus, they are at risk of it again 
after experiencing it. A special case of repeated 
events is the industrial method known as “modu-
lated renewal” [ 74 ]. The idea behind a modulated 
renewal process is that the industrial machine (or 
patient) is restarted at a new time zero each time 
the event occurs. This permits (1) ordinary 
Kaplan-Meier methods to be used, (2) the num-
ber of occurrences and intervals between each 
recurrence to be used in multivariable analyses, 
and (3) change in patient characteristics at each 
new time zero to be used in analyses. Thus, if the 
modulated renewal assumption can be shown to 
be valid, it increases the power and utility of the 
analysis tremendously.  

    Competing Risks 

 Competing risks analysis is a method of time- 
related data analysis in which multiple, mutually 
exclusive events are considered simultaneously 
[ 75 ,  76 ]. It is the simplest form of continuous- 
time Markov process models of transition among 
states [ 77 ]. In this simplest case, patients make a 
transition from an initial state (called event-free 
survival) to at most one other state that is consid-
ered to be terminating. Rates of transition from 
the initial state to one of the events (called an  end 
state ) are individual, independent functions. 

 Analysis of a single time-related event is per-
formed in isolation of any other event. This is 
ideal for understanding that specifi c phenome-
non. In contrast, competing risks analysis consid-
ers multiple outcomes in the context of one 
another. It is thus an integrative analysis. 

 In the early eighteenth century, some progress 
was made in the war against smallpox by inocu-
lating people with small doses of the virus to 
establish immunity to the full-blown disease. 
Because governments at that time were supported 
in part by annuities, it was of considerable eco-
nomic importance to know the consequences a 
cure of smallpox might bring upon the govern-
ment’s purse. Daniel Bernoulli tackled this 
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 question by classifying deaths into mutually 
exclusive categories, one of which was death 
from smallpox [ 78 ]. For simplicity, he assumed 
that modes of death were independent of one 
another. He then developed kinetic equations for 
the rate of migration from the state of being alive 
to any one of several categories of being dead, 
including from smallpox. He could then compute 
how stopping one mode of death, smallpox, 
would infl uence both the number of people still 
alive and the redistribution of deaths into the 
other categories. (The triumph of the “war on 
smallpox” came in 1796, just 36 years after his 
publication).  

    Weighted Events 

 As noted in previous text, once one thinks “out of 
the box” beyond probability theory, one can 
begin to imagine that any non-fatal event could 
be characterized not only as having occurred, but 
with a “cost” associated with it. This might be 
actual cost of a medical readmission, for example 
[ 79 ], or length of stay, or a functional health 
assessment metric.   

    Longitudinal Data Analysis 

 Today, we look beyond occurrences of clinical 
events. How does the heart morphology and 
function change across time? How does a 
patient’s functional health status change across 
time? How often does supraventricular tachycar-
dia occur? What are the variables that modulate 
these longitudinal values? Importantly, do they 
infl uence clinical events? This is today’s frontier 
of statistical methods. 

 Severe technologic barriers to comprehensive 
analysis of longitudinal data existed before the 
late 1980s [ 80 ]. Repeated-measures analysis of 
variance for  continuous  variables had restrictive 
requirements, including fi xed time intervals of 
assessment and no censored data.  Ordinal  logis-
tic regression for assessment of functional status 
was useful for assessments made at cross- 
sectional follow-up [ 81 ,  82 ], but not for repeated 

assessment at irregular time intervals with 
 censoring. In the late 1980s, Zeger and his stu-
dents and colleagues at Johns Hopkins University 
incrementally, but rapidly, evolved the scope, 
generality, and availability of what they termed 
“longitudinal data analysis” [ 83 ]. Their method-
ology accounts for correlation among repeated 
measurements in individual patients and vari-
ables that relate to both the ensemble and the 
nature of the variability. Because average 
response and variability are analyzed simultane-
ously, the technology has been called “mixed 
modeling.” The technique has been extended to 
continuous, dichotomous, ordinal, and polyto-
mous outcomes using both linear and nonlinear 
modeling. 

 Because of its importance in many fi elds of 
investigation, the methodology acquired different 
names. In 1982, Laird and Ware published a  ran-
dom effects model  for longitudinal data from a 
frequentist school of thought [ 84 ]. In 1983, 
Morris presented his idea on  empirical Bayes  
from a Bayesian school of thought [ 85 ]. In the 
late 1980s, members of Zeger’s department at 
Johns Hopkins University developed the  general-
ized estimating equation  (GEE) approach [ 83 ]. 
Goldstein’s addition to the Kendall series in 1995 
emphasized the hierarchical structure of these 
models [ 86 ]. His is a particularly apt description. 
The general idea is that such analyses need to 
account for covariables that are measured or 
recorded at different hierarchical levels of aggre-
gation. In the simplest cases, time is one level of 
aggregation, and individual patients with multi-
ple measurements is another. These levels have 
their corresponding parameters that are esti-
mated, and each may require different assump-
tions about variability (random versus fi xed- 
effects distributions). Except under exceptional 
circumstances, these techniques have replaced 
former restrictive varieties of repeated-measures 
analysis, which we now consider of histori-
cal interest except for controlled experiments 
designed to exactly meet their assumptions. 

 Using the same strategy and mathematical for-
mulation that Naftel, Blackstone, and Turner did 
for time-related events [ 73 ], we have introduced 
a longitudinal data analysis method by which the 
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temporal occurrence of a binary event, such as 
presence or absence of atrial fi brillation, is con-
ceived as the addition of a number of temporal 
components, or phases. Each phase is modulated 
simultaneously by a log-linear additive function 
of risk factors. However, like all current methods, 
there is only primitive built-in capability for 
selecting variables for modulating the temporal 
components. Therefore, with a number of our 
colleagues and funding from the National 
Institutes of Health, we are actively developing 
new comprehensive methods for longitudinal 
data analysis.  

    Comparison of Treatments 

    Clinical Trials with Randomly 
Assigned Treatment 

 Controlled trials date back at least to biblical 
times, when casting of lots was used as a fair 
mechanism for decision-making under uncer-
tainty (Numbers 33:54). An early clinical trial of 
a high protein vs. high calorie diet took place in the 
Court of Nebuchadnezzar, king of Babylon (mod-
ern Iraq). The fi rst modern placebo-controlled, 
double-blinded, randomized clinical trial was 
carried out in England by Sir Austin Bradford 
Hill on the effectiveness of streptomycin versus 
bed rest alone for treatment of tuberculosis [ 87 ], 
although seventeenth and eighteenth century 
unblinded trials have been cited as historical pre-
decessors [ 88 – 90 ]. Multi-institutional random-
ized clinical trials in pediatric and congenital 
heart disease have been championed by the 
Pediatric Heart Network over the last decade. 

 Randomization of treatment assignment has 
three valuable and unique characteristics:
•    It eliminates selection factors (bias) in treat-

ment assignment (although this can be 
defeated at least partially by enrollment bias).  

•   It distributes patient characteristics equally 
between groups, whether they are measured or 
not, known or unknown (balance), a well- 
accepted method of risk adjustment [ 91 – 94 ].  

•   It meets assumptions of statistical tests used to 
compare end points [ 93 ].    

 Randomized clinical trials are also  characterized 
by concurrent treatment, excellent and complete 
compilation of data gathered according to explicit 
defi nitions, and proper follow-up evaluation of 
patients. These operational by-products may have 
contributed nearly as much new knowledge as the 
random assignment of treatment. 

 Unfortunately, it has become ritualistic for 
some to dismiss out of hand all information, 
inferences, and comparisons relating to outcome 
events derived from experiences in which treat-
ment was not randomly assigned [ 95 ]. If this atti-
tude is valid, then much of the information now 
used to manage patients with congenital heart 
disease would need to be dismissed and ignored!  

    Clinical Studies with Nonrandomly 
Assigned Treatment 

 Clinical studies with nonrandomly assigned 
treatment produce little knowledge when improp-
erly performed and interpreted. Because this is 
often the case, many physicians have a strong 
bias against studies of this type. However, when 
properly performed and interpreted, and particu-
larly when they are multi-institutional or exter-
nally validated, clinical studies of real-world 
experience can produce secure knowledge. 
During the 1980s, federal support for complex 
clinical trials in adult heart disease was abundant. 
Perhaps as a result, few of us noticed the impor-
tant advances being made in statistical methods 
for valid, nonrandomized comparisons, now 
called “comparative effectiveness studies.” One 
example was the seminal 1983  Biometrika  paper 
“The Central Role of the Propensity Score in 
Observational Studies for Causal Effects,” by 
Rosenbaum and Rubin [ 96 ]. In the 1990s, as the 
funding climate changed, interest in methods for 
making nonrandomized comparisons accelerated 
[ 97 ]. This interest has accelerated further in the 
twenty- fi rst century. 

 Apples-to-apples nonrandomized compari-
sons of outcome can be achieved, within certain 
limitations, by use of so-called  balancing scores , 
of which the  propensity score  is the simplest [ 96 ]. 
Balancing scores are a class of multivariable 
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 statistical methods that identify patients with 
similar chances of receiving one or the other 
treatment. Perhaps surprisingly, even astonish-
ingly, patients with similar balancing scores are 
well balanced with respect to at least all patient, 
disease, and comorbidity characteristics taken 
into account in forming the balancing score. This 
balancing of characteristics permits the most reli-
able nonrandomized comparisons of treatment 
outcomes available today [ 98 ]. 

 The essential approach to a comparison of 
treatment outcomes in a nonrandomized setting 
is to design the comparison as if it were a ran-
domized clinical trial and to interpret the result-
ing analyses as if they emanated from such a trial. 
This essential approach is emphasized in Rubin’s 
2007 article, “The Design Versus the Analysis of 
Observational Studies for Causal Effects: 
Parallels with the Design of Randomized Trials 
[ 99 ]. As noted by Rubin, “I mean all contemplat-
ing, collecting, organizing, and analyzing data 
that takes place prior to seeing any outcome 
data.” He emphasizes by this statement his thesis 
that a nonrandomized set of observations should 
be conceptualized as “a broken randomized 
experiment…with a lost rule for patient alloca-
tion, and specifi cally for the propensity score, 
which the analysis will attempt to construct.” For 
example, the investigator should ask, “Could 
each patient in all comparison groups be treated 
by all therapies considered? If not, this consti-
tutes specifi c inclusion and exclusion criteria. If 
this were a randomized trial, when would ran-
domization take place? One must only use vari-
ables to construct a propensity score that would 
be known at the time randomization would have 
occurred, not after that; this means that variables 
chosen in the propensity score analysis are not 
those that could possibly be affected by the 
treatment.” 

 The most common use of the propensity 
approach is to match pairs of patients on the 
basis of their propensity score alone. Outcomes 
can then be compared between groups of 
matched pairs. However, just as in a randomized 
trial, the results will be applicable to patients 
who match the characteristics of the propensity 
groups.   

    Where Have We Been and Where 
Are We Headed? 

 Analysis, as expressed by Sir Isaac Newton, is 
that part of an inductive scientifi c process 
whereby a small part of nature (a phenomenon) is 
examined in the light of observations (data) so 
that inferences can be drawn that help explain 
some aspect of the workings of nature [ 100 ]. 

 Philosophies underpinning methods of data 
analysis have evolved rapidly since the latter part 
of the nineteenth century and may be at an impor-
tant crossroad. Stimulated in large part by the 
fi ndings of his cousin Charles Darwin, Sir Francis 
Galton, along with Karl Pearson and Francis 
Edgeworth, established at that time what has 
come to be known as  biostatistics  [ 101 ]. Because 
of the Darwinian link, much of their thinking was 
directed toward an empirical study of genetics 
versus environmental infl uence on biological 
development. It stimulated development of the 
fi eld of eugenics (human breeding) [ 102 ] and the 
study of mental and even criminal characteristics 
of humans as they relate to physical characteris-
tics (profi ling). The outbreak of World War I led 
to development of statistics related to quality 
control. Sir Ronald Fisher formalized a methodo-
logic approach to experimentation, including 
randomized designs [ 103 ]. The varying milieus 
of development led to several competing schools 
of thought within statistics, such as frequentist 
and Bayesian, with different languages and dif-
ferent methods [ 104 ]. Formalization of the disci-
pline occurred, and whatever the fl avor of 
statistics, it came to dominate the analytic phase 
of inferential data analysis, perhaps because of its 
empirical approach and lack of underlying mech-
anistic assumptions. 

 Simultaneously, the discipline of  biomathe-
matics  arose, stimulated in particular by the need 
to understand the growth of organisms (allome-
tric growth) and populations in a quantitative 
fashion. Biomathematicians specifi cally attempt 
to develop mathematical models of natural phe-
nomena such as clearance of pharmaceuticals, 
enzyme kinetics, and blood fl ow dynamics. These 
continue to be important today in understanding 
such altered physiology as cavopulmonary shunt 

2 Introduction: The History of Statistics in Medicine and Surgery



22

fl ow [ 105 ]. Many of the biomathematical models 
came to compete with statistical models for 
 distribution of values for variables, such as the 
distribution of times to an event. 

 Advent of the fast Fourier transform in the 
mid-1960s [ 106 ] led to important medical 
advances in fi ltering signal from noise and image 
processing. The impetus for this development 
came largely from the communications industry, 
so only a few noticed that concepts in communi-
cation theory coincided with those in statistics 
and mathematics. 

 As business use of computers expanded, and 
more recently as genomic data became volumi-
nous, computer scientists developed methods for 
examining large stores of data [ 107 ]. These 
included data mining in business and computa-
tional biology and bioinformatics in the life sci-
ences. Problems of classifi cation (such as of 
addresses for automating postal services) led to 
such tools as neural networks [ 16 ], which have 
been superseded in recent years by an entire dis-
cipline of machine learning [ 107 ,  108 ]. 

 In the past quarter century, all these disci-
plines of mathematics, computer science, infor-
mation modeling, and digital signal processing 
have been vying for a place in the analytic phase 
of clinical research that in the past has largely 
been dominated by biostatistics. Specifi cally, 
advanced statistics and algorithmic data analysis 
have conquered the huge inductive inference 
problem of disparity between number of param-
eters to be estimated and number of subjects 
(e.g., in genetics, hundreds of thousands of vari-
ables for n = 1) [ 109 ]. Advanced high-order com-
puter reasoning and logic have taken the 
Aristotelian deterministic approach to a level that 
allows intelligent agents to connect genotype 
with phenotype [ 110 ]. It may be rational to 
believe that the power of these two divergent 
approaches to science can be combined in such a 
way that very “black-box” but highly predictive 
methods can be explored by intelligent agents 
that report the logical reasons for a black-box 
prediction [ 52 ]. 

 Fortunately for those of us in cardiac surgery, 
we need not be threatened by these alternative 
voices, but rather can seize the opportunity to 

 discover how each can help us understand the 
phenomena in which we are interested.     
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       Were there none who were discontented with what 
they have, the world would never reach anything 
better. 

—Florence Nightingale 

   Florence Nightingale, a celebrated British reformer, 
statistician, and the founder of modern nursing, is 
credited as being the fi rst clinician (nurse) and 
 epidemiologist to use data to describe patient 

 experiences and outcomes. She was a master in 
creating  visualizations of statistics to document the 
 experiences of soldiers during the Crimean War 
(Fig.  3.1 ). She was a pioneer of evidence-based 
practice in nursing. Her legend continues to guide 
nursing practice, including the care of children 
with congenital heart disease, at all levels, from 
direct care, to research, and administration.

   Nightingale identifi ed that more soldiers were 
dying in the Crimean War in 1854 from infection 
due to poor health care conditions, than from 
wounds infl icted on the battlefi eld. She instituted 
nurse-led infection control strategies that reduced 
mortality from 42 % to 2 %. Poor nutrition, inad-
equate supplies, and stress on the soldiers were 
cited as major contributors to poor outcomes. 
These same risk factors continue to contribute to 
patient morbidity. 

 Health care providers are called to practice 
from a sound evidence base in order to provide 
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care of the highest value. This means that we 
must move beyond dogma, expert opinion, and 
practice driven by tradition. Instead, we must 
learn how to fi nd, interpret, and use evidence and 
data to ground our practice in a sound, 
scientifi cally- validated base. Our policies and 
procedures should refl ect the state of the science 
and set a standard of practice that promotes provi-
sion of the best and safest care available to our 
patients. 

 It is imperative that our nursing, medical, and 
allied health professional schools teach the skills 
necessary to critically evaluate evidence pre-
sented in the literature. Study design, the source 
of the data, inclusion and exclusion criteria, 
potential for bias, and the analytical approach all 
need to be examined with a critical lens. We must 
also be critical in evaluating whether the avail-
able evidence is suffi cient to guide practice or 
whether further research is needed. Nightingale’s 
work was key in revolutionizing hospital data 
collection. She knew that rigorous research and 
the best and safest care depended on accurate 

data that could be easily transformed into infor-
mation to infl uence care decisions. 

 We do not practice in isolation. We practice 
within systems, large and small, academic and 
non-academic. High quality data is equally impor-
tant at the administrative level. The role of nursing 
leaders in administration has evolved to emphasize 
collaboration with physician leaders. We recog-
nize that administration and clinicians have a sin-
gular, common purpose, delivering the best and 
safest care to our patients. Working together will 
improve our progress toward this goal. 

 In our current healthcare environment of 
decreased reimbursement and with the data that 
disputes that “more care is better care” [ 1 ] there 
has never been a more compelling need for 
administrative and clinical data to ground the 
new direction that we as healthcare leaders must 
navigate. Total expenditure on health continues 
to rise exponentially. Whenever possible, medi-
cine based on anecdotal evidence must be 
replaced by fully transparent data-driven models 
of care with appropriate governance. Providers 
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and administrators have the opportunity to 
 collaborate in a focused and disciplined way to 
 provide appropriate resources to maintain high 
quality care in a cost effective manner, all of 
which will contribute to healthcare sustainability. 
Florence Nightingale would have been proud to 
see nursing administrators present at this innova-
tive table where tough decisions will need to be 
made when we have to make do with less. 

 In summary, the legacy of Florence 
Nightingale has cast its shadow on all aspects of 
health care delivery, not just nursing. She recog-
nized that knowledge and skill were needed to 
improve public health. With great courage and 
determination she single-handedly set about 
changing conditions for the injured soldiers of 
the Crimean War. She used data and statistics to 
support her efforts and gained the respect of 
health care providers and public policy makers 
worldwide. Nightingale’s greatest contribution to 
nursing may have been her emphasis on nursing 
integrity and the role of the nurse in helping 
patients to live their fullest regardless of the con-
ditions they faced. In the 1880s, Nightingale 
wrote that it would be 100–150 years before edu-

cated, experienced nurses reached large enough 
numbers to change the healthcare system. We are 
those nurses today, we need to be leaders in both 
practice and administration. We must carry the 
legacy of Florence Nightingale forward by creat-
ing and using high-quality data, striving for 
evidence- based practice, and taking an active role 
in health care administration and public policy. 

 The chapters in this book will guide you in 
developing skills in seeking, fi nding, interpret-
ing, and implementing meaningful data into 
evidence- based practice and administrative deci-
sion making. Optimizing the health and healing 
of children, adults, and families facing congenital 
heart disease requires the courage and determina-
tion that Nightingale modeled. We will do well to 
walk in her shadow.    
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    Abstract  

  Throughout much of modern history, the physician has had two roles, 
“healer of the sick” and “member of a profession”. Although the distinc-
tion between these two roles has not been commonly appreciated, these 
roles have different historical origins and involve different activities. 
Viewed from this context, quality improvement is a fundamental responsi-
bility of a 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 improvement can occur. Database/
registry participation, careful review of the resulting outcomes data, and 
active attempts to improve the quality of our patients’ outcomes are thus 
fundamental to both being better “healers of the sick” and responsible 
“members of a profession.” .  
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     Throughout    much of modern history, the 
 physician has had two roles, “healer of the sick” 
and “member of a profession” [ 1 ]. Although the 
distinction between these two roles has not been 
commonly appreciated, these roles have different 
historical origins and involve different activities 
[ 1 ]. 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 knowledge 
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 moral-
ity, and (5) altruism and promotion of the public 
good [ 2 ]. The relationship between society and a 
profession has been described as a “social con-
tract” with implied prerogatives and responsibili-
ties for each profession [ 1 ]. Among the most 
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important of these professional responsibilities is 
the expectation that the profession will act in the 
societal interest and not its own [ 3 ]. Other 
 responsibilities articulated by a number of differ-
ent 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) cher-
ishing performance above personal reward, (4) 
placing patients’ interests above their own, and 
(5) fairly distributing fi nite medical resources [ 2 ]. 

 Viewed from this context, quality improve-
ment is a fundamental responsibility of a profes-
sion, and databases and registries, created and 
maintained by professional groups that are 
focused on patient outcomes, are a critically 
important tool by which quality improvement can 
occur. These  databases foster the dissemination 
of knowledge and mastery of a complex body of 
knowledge and can be an important vehicle for 
setting and  enforcing standards and evaluating 
performance. Ultimately these databases and reg-
istries can serve as a mechanism for the wise allo-
cation of societal resources for healthcare, 
provided that both government and private pay-
ors will provide the resource utilization data. 

Database/registry participation, careful review of 
the resulting outcomes data, and active attempts 
to improve the quality of our patients’ outcomes 
are thus fundamental to both being better “heal-
ers of the sick” and responsible “members of a 
profession.” The accompanying body of work 
represents a clear manifestation of these profes-
sional efforts. This herculean effort led by 4 
internationally respected leaders and drawing the 
best wisdom around the world represents a major 
milestone in the development and progress of 
safe and high valued pediatric cardiac care.    
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    Abstract  

  The International Pediatric and Congenital Cardiac Code (IPCCC) was cre-
ated by the International Society of Nomenclature for Paediatric and 
Congenital Heart Disease (ISNPCHD) to name and classify pediatric and 
congenital cardiac disease and its treatment. It is a comprehensive code that 
can be freely downloaded from the internet (  http://www.IPCCC.net    ) and is 
already in use worldwide, particularly for international comparisons of out-
comes. The goal of this effort is to create strategies for stratifi cation of risk 
and to improve healthcare for the individual patient. The collaboration with 
the World Health Organization, the International Health Terminology 
Standards Development Organization, and the healthcare industry, will 
lead to further enhancement of the IPCCC, and to its more universal use.  
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        Introduction 

 Clinicians working in the fi eld of congenital and 
pediatric cardiology have long felt the need for a 
common diagnostic and therapeutic nomenclature 
and coding system with which to classify patients 
of all ages with congenital and acquired cardiac 
disease. Over the last 15 years, this desire has 
been heightened by the need to provide national 
and international comparisons of surgical results 
between centers caring for these patients, follow-
ing high profi le enquiries such as that examining 
the outcome of pediatric cardiac surgery at the 
unit in Bristol, in the United Kingdom [ 1 ,  2 ], as 
well as similar events in Sydney Australia [ 3 ], 
Winnipeg Canada [ 4 ], Denver Colorado [ 5 – 11 ], 
and Lexington Kentucky [ 12 ]. 

 The incorporation of effective clinical gover-
nance and best practice into our specialty requires 
the harvesting of accurate and validated data on 
the diagnosis, treatment, and outcome of these 
patients from prenatal life through to adulthood. 
Such a system facilitates the comparison of out-
comes following interventions between individ-
ual centers, whilst taking into account the mix of 
cases involved, accompanying risk factors and 
comorbidities, as well as postprocedural compli-
cations. Benchmarking against those units who 
perform best allows analysis of relevant and gen-
uine factors underlying differing outcomes, and 
instigation of improvements, in terms of both 
mortality and morbidity. For this objective to be 
achieved, it is essential to have a comprehensive 
and standardized system of coding and classifi ca-
tion, using mutually exclusive and unambivalent 
terms. The system must be easy to use, preferably 
in multiple languages, be digitally compatible 
with different software database systems, and 
also fulfi l the needs and expectations of widely 
different cultures of practice. 

 Although historically many centers developed 
their own systems of classifi cation for internal 
audit, and some co-operative work between cen-
ters nationally and across international boundar-
ies has occurred, these systems were dissimilar 
enough to preclude the large scale studies needed 
to understand outcomes from the heterogeneous 
population of patients with congenitally mal-
formed hearts. A cohesive and comprehensive 

 system of nomenclature, suitable for setting a 
global standard for multicentric analysis of 
 outcomes and stratifi cation of risk, has only rela-
tively recently emerged, namely, the freely avail-
able International Pediatric and Congenital 
Cardiac Code (IPCCC), as developed and copy-
righted by the International Society for 
Nomenclature of Paediatric and Congenital Heart 
Disease (ISNPCHD). This review gives an his-
torical perspective on the development of sys-
tems of nomenclature in general, and specifi cally 
with respect to the diagnosis and treatment of 
patients with pediatric and congenital cardiac dis-
ease, with particular reference to the International 
Classifi cation of Diseases (ICD) and its various 
iterations since 1900, emphasizing the current 
work on the 11th Revision, with collaboration 
between the World Health Organization (WHO) 
and the ISNPCHD. Finally, current and future 
efforts to merge such systems into the paperless 
environment of the electronic health or patient 
record on a global scale are briefl y explored.  

    History of the Classifi cation 
of Disease [ 13 ] 

 Although the gathering of population based 
 information, or censuses, originated in 
Babylonian times (3800 BC), it was not until the 
early seventeenth century that the focus shifted 
away from taxation and military conscription, to 
causes of death, with the weekly publication 
from 1603 through the 1830s of the Bills of 
Mortality in London [ 14 ]. In 1662, these statis-
tics were fi rst systematically analyzed by John 
Graunt (1620–1674), when he estimated, for 
instance, the mortality of children before the age 
of 6 years to be 36 %, an estimate later proven to 
be quite accurate. In the eighteenth century 
François Bossier de Lacroix (1706–1767), better 
known as Sauvages, is credited with the fi rst 
 formal classifi cation of diseases based on the 
methodology of the Swede Carl Linnaeus (1707–
1778). This 1,763 system of classifi cation devel-
oped by Sauvages contained 2,400 maladies 
divided into class, order and species. However, 
by the early nineteenth century, the classifi cation 
most in use was that published by the Scottish 
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physician William Cullen  (1710–1790) in 1769, 
Synopsis Nosologiae Methodicae, with four main 
categories:
•    “Pyrexiae”, that is pyrexial, or febrile  diseases, 

such as typhus fever  
•   “Neuroses”, or nervous diseases, such as 

epilepsy  
•   “Cachexiae”, that is cachexial illnesses, or 

diseases resulting from a bad habit of body, 
such as scurvy  

•   “Locales”, or local diseases, such as cancer.    
 In 1837, the General Register Offi ce of 

England and Wales was established, with William 
Farr (1807–1883), as its fi rst medical statistician 
(Fig.  5.1 ). Farr revolutionized the principles of 
statistical classifi cation and nomenclature, 

emphasizing the need for a common international 
lexicon to allow the epidemiological study of 
 diseases and thereby their causes, whilst 
 incorporating medical advances. His initial 
report, published in 1839, resonates through to 
the late twentieth century:

   The advantages of a uniform statistical nomencla-
ture, however imperfect, are so obvious, that it is 
surprising that no attention has been paid to its 
enforcement in Bills of Mortality. Each disease 
has, in many instances, been denoted by three or 
four terms, and each term has been applied to as 
many different diseases: vague inconvenient names 
have been employed, or complications registered 
instead of primary diseases. The nomenclature is 
of as much importance in this department of 
inquiry, as weights and measures in the physical 
sciences, and should be settled without delay. [ 15 ] 

   William Farr later used these methods to help 
prove the water-born origin of cholera, the so- 
called “germ theory”, providing evidence that 
countered the previously supported miasmatic, 
or “bad air theory” of disease, leading to the 
treatment of sewage. The eminence of Farr in the 
fi eld was recognized at the fi rst International 
Statistical Congress, held in Brussels in 1853, 
when he and Marc d’Espine, of Geneva, were 
asked to prepare an internationally applicable 
and uniform classifi cation of causes of death. 
The approach of Marc d’Espine was based on the 
nature of disease, such as gouty, herpetic, or 
hematic, whilst the classifi cation proposed by 
Farr divided into fi ve groups:
•    Epidemic diseases  
•   Constitutional, or general, diseases  
•   Local diseases arranged according to anatomi-

cal site  
•   Developmental diseases  
•   Diseases that are the direct result of violence.    

 It was the arrangement suggested by Farr 
which was dominant in the classifi cation of 139 
categories accepted by the Congress in 1855, and 
over the subsequent four revisions through to 
1886, particularly the principle of classifying 
causes of death by anatomical site in distinction 
to generalized processes of disease. The failure 
of this classifi cation to achieve wide international 
recognition, however, led the International 
Statistical Institute, which had developed from 
the former Congress, to commission in 1891 a 

  Fig. 5.1    Dr William Farr (1807–1883) in 1850: physi-
cian and fi rst medical statistician for the General Register 
Offi ce of England and Wales from 1839 to 1879. He pio-
neered the statistical analysis and development of a sys-
tem of classifi cation for causes of death and disease-related 
morbidity, emphasizing the need for a common interna-
tional lexicon to allow the epidemiological study of dis-
eases and thereby their causes, whilst incorporating 
medical advances (This fi gure was made available at 
  http://en.wikipedia.org/wiki/File:William_Farr_2.jpg     by 
Materialscientist/Public Domain)       
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committee chaired by Jacques Bertillon 
 (1851–1922), Chief of Statistical Services of the 
City of Paris, to create what became the Bertillon 
[International] Classifi cation of Causes of Death. 
This classifi cation was based on the principles 
propounded by Farr and consisted of three levels 
of classifi cation, with 44, 99, and 161 titles, 
respectively. Over the following decades, it was 
adopted by many countries in the Americas and 
Europe, with conferences for revision occurring 
roughly decennially to take note of medical 
advances (Fig.  5.2 ).

   During the latter half of the nineteenth cen-
tury, there was increasing recognition of the 
need for a parallel list of non-fatal diseases. 
Farr was again instrumental here, stating the 
need to:

  extend the same system of nomenclature to dis-
eases which, though not fatal, cause disability in 
the population, and now fi gure in the tables of the 
diseases of armies, navies, hospitals, prisons, luna-
tic asylums, public institutions of every kind, and 
sickness societies, as well as in the census of coun-
tries like Ireland, where the diseases of all the 
people are enumerated 

   He submitted a list of these entities to the sec-
ond meeting of the International Statistical 
Congress, held in 1856. At the fourth meeting, 
held in 1860, Florence Nightingale urged its 
adoption for the tabulation of hospital morbidity 
in her paper  Proposals for a uniform plan of hos-
pital statistics  [ 16 ]. In 1900 and 1909, at the fi rst 
two International Conferences to revise the 
Bertillon International Classifi cation of Causes 
of Death, a parallel classifi cation of diseases for 
use in statistics of sickness was adopted, but with 
limited scope. The Health Organization of the 
League of Nations, and the International 
Statistical Institute, recommended at the 4th and 
5th revision conferences of the International List 
of Causes of Death (as it was then known), held 
in 1928 and 1938, respectively, that individual 
countries develop and promote their own systems 
of classifi cation for morbidity statistics, using the 
Causes of Death structure as a template. It was 
not until the 6th revision conference, held in Paris 
in 1948, that a single comprehensive list was 
approved as the International Classifi cation of 
Diseases, Injuries and Causes of Death; later 
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  Fig. 5.2    This bar chart documents the time interval 
between each Revision of the International Classifi cation 
of Diseases. Bertillon presented his [International] 
Classifi cation of Causes of Death at the meeting of the 
International Statistical Institute in Chicago in 1893, 
where it was adopted and taken up by several cities and 
countries. In 1898, the American Public Health 
Association recommended its adoption in North America 
and that the classifi cation be revised every 10 years. The 

First International Conference to revise the Bertillon 
Classifi cation of Causes of Death was held in Paris in 
1900. In 1909 non-fatal diseases were added (morbidity) 
and in 1948 the WHO took over its promotion and man-
agement as the 6th revision of the International 
Classifi cation of Diseases, Injuries and Causes of Death 
(Adapted from WHO presentation made by Dr. Kentaro 
Sugano at the Ninth NWG meeting, Keio Plaza Hotel, 
Tokyo, JAPAN, July 2007)       
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shortened to the International Classifi cation of 
Diseases (ICD) by the time of the 7th revision in 
1955. This was endorsed by the First World 
Health Assembly in the same year, along with 
rules for selecting a cause of death, and an agree-
ment for international cooperation under the 
jurisdiction of the recently constituted WHO. 

 The 9th ICD Revision (ICD-9), in 1975, saw 
further expansion and structural change, with the 
addition of a fourth digit, as well as an optional 
fi fth digit to facilitate greater detail where needed 
by subspecialties. The dagger and asterisk system 
was introduced to allow the linkage of anatomi-
cally specifi c areas of disease to more general-
ized diseases. The fi rst International Classifi cation 
of Procedures in Medicine was also published, in 
response to international pressure for a lead in 
this important area. By the time of the 10th revi-
sion (ICD-10), in 1993, the decennial revision 
schedule was abandoned (Fig.  5.2 ) due to the 
enormous amount of work involved with each 
revision and an alphanumeric coding structure 
was introduced. The promised revision of the list-
ing of Procedures in Medicine never material-
ized, leaving countries to develop further their 
own systems of classifi cation for interventions. 
Currently, the 11th ICD revision is well under 
way with planned dissemination following World 
Health assembly approval in 2017 (see below). 

 Up until the eleventh ICD iteration, congenital 
cardiac diseases have remained very poorly repre-
sented. Outdated terminology, inconsistent logic, 
and little appreciation of the inherent complexity 
of lesions, has meant that the ICD system of clas-
sifi cation has never been robust enough for the 
purposes of relevant clinical governance. In the 9th 
and 10th revisions, there are a total of only 29 and 
73 individual codes, respectively, for congenital 
cardiovascular lesions (Fig.  5.2 ). Despite these 
limitations, both versions remain in use, mostly for 
the purpose of ‘billing’, returns to central govern-
ments, and crude epidemiological surveillance. 
A comprehensive, clinically acceptable system for 
the naming and coding of congenital cardiac dis-
ease, relevant acquired cardiac disease, and, most 
importantly, procedures to treat congenital and rel-
evant acquired cardiac lesions, was needed.  

    Pediatric and Congenital Cardiac 
Nomenclature and the International 
Pediatric and Congenital 
Cardiac Code 

 Although there were many descriptive  publications 
of individuals with various congenital cardiac 
malformations in the nineteenth and early twenti-
eth centuries, it was the publication in 1936 of the 
 Atlas of Congenital Cardiac Disease , by the dis-
tinguished Canadian physician Maude Abbott, 
that saw the fi rst systematic classifi cation of con-
genital cardiac lesions [ 17 ]. Over the following 
decades, several centers developed more inclusive 
systems of classifi cation for both the diagnosis 
and treatment of congenital cardiac disease. It was 
not until the 1980s that advances in the hardware 
and software underpinning information technol-
ogy made it feasible to have a uniform and inter-
nationally acceptable system of nomenclature, 
with facilitation of entry of data and exchange of 
information. 

 In Europe, this era was marked by the publica-
tion in 1985 of the Brompton Hospital Diagnostic 
Code, with 507 items classifi ed using an associ-
ated six digit code [ 18 ]. This diagnostic system 
was expanded to 1,717 terms in the Netherlands 
in the late 1980s, including sections on acquired 
cardiac disease, arrhythmias, relevant non- 
cardiac anomalies, and, most importantly, surgi-
cal and transcatheter procedures. From 1989 to 
1994, further enhancements occurred in all areas, 
with the introduction of terms for postprocedural 
complications and qualifi ers, leading to a single 
hierarchical tree with over 4,300 terms, each with 
its own six digit code [ 19 ]. These terms were 
incorporated into the United Kingdom panmedi-
cal nomenclature and coding initiative within the 
National Health Service, becoming Clinical 
Terms version 3.1, or the Read Codes, which 
later formed a fundamental part of the 
Systematized Nomenclature of Medicine Clinical 
Terms (SNOMED-CT), described below. This 
1994 version was used by The European 
Congenital Heart Surgeons Foundation to audit 
surgical outcomes across much of Europe. 
Finally, in 1998, this system of nomenclature was 
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adopted by the Association for European 
Paediatric Cardiology (AEPC) as the standard 
system for databases across Europe, and was 
titled the European Paediatric Cardiac Code [ 20 ]. 
The publication of this system included rule- 
based crossmapping to the 9th and 10th revisions 
of the ICD [ 19 ,  20 ]. 

 In the mid to late 1990s, a second major and 
parallel initiative emerged to list and classify 
pediatric and congenital cardiac diagnoses and 
procedures. Two large multi-institutional surgical 
database projects were in process:
•    The Congenital Heart Surgery Database of the 

Society of Thoracic Surgeons (STS) in North 
America, and  

•   The European Congenital Heart Defects 
Database of the European Congenital Heart 
Surgeons Foundation, which in 2003 was 
renamed the European Congenital Heart 
Surgeons Association (ECHSA). In the mid 
1990s, this database received data from 18 
countries.    
 Both project teams identifi ed a need for an 

international structure that would standardize 
nomenclature and strategies for reporting. There 
was, for example, disharmony amongst the many 
centers and countries on the terms used to 
describe identical congenital cardiac lesions, 
such as subtypes of ventricular septal defects. 
This led the STS, the ECHSA, and the European 
Association for Cardio-Thoracic Surgery 
(EACTS) to set up the International Congenital 
Heart Surgery Nomenclature and Database 
Project in 1998 [ 21 ]. Over the next 2 years, a 
series of meetings between a core group of 
experts in congenital cardiac surgery and pediat-
ric cardiology met to create a standardized inclu-
sive hierarchical nomenclature, with a generous 
use of synonyms, based on consensus, scientifi c 
principles and popular usage [ 22 ]. 

 In early 2000, both of these two systems of 
nomenclature were published [ 20 ,  22 ]
•    The nomenclature of the International 

Congenital Heart Surgery Nomenclature and 
Database Project of the STS, the ECHSA, and 
the EACTS  

•   The European Paediatric Cardiac Code of the 
AEPC    

 Both systems of nomenclature included a 
comprehensive Long List, with thousands of 
terms, and a Short List designed to be used as 
part of a Minimum Dataset for audit and research 
purposes, with up to 650 terms [ 20 ,  22 ]. The 
comprehensive datasets include all the imagined 
variables, in a hierarchical structure, and are 
detailed enough to enable analyses that incorpo-
rate stratifi cation of risk. The minimum dataset 
includes suffi cient data points to enable easy and 
mandatory sharing of interinstitutional data for 
basic analysis of mortality, governance, and 
interpretation of trends. Both Long Lists map 
fully to their respective Short Lists. The nearly 
simultaneous publication of these two comple-
mentary systems of nomenclature led to the prob-
lematic situation of having two lexicons that 
were to be widely adopted, with the potential 
risks of invalidating multicentric projects due to 
confusion between the two systems and duplicate 
or inaccurate entries within institutions. 

 A meeting was convened, therefore, between 
representatives from the AEPC, the STS, and the 
EACTS on October 6, 2000, in Frankfurt, 
Germany. It was agreed to establish The 
International Nomenclature Committee for 
Pediatric and Congenital Heart Disease (which 
later evolved into the ISNPCHD), including rep-
resentatives of the three societies, as well as rep-
resentatives from the remaining continents of the 
world (Africa, Australia, Asia, and South 
America), to work in partnership and produce a 
reconciliatory bidirectional map between the two 
systems. Fortuitously, the International 
Congenital Heart Surgery Nomenclature and 
Database Project did not feature a numerical 
code, and it was therefore resolved to use the six 
digit numerical code derived from the European 
Paediatric Cardiac Code as the backbone for 
mapping the two systems. The feasibility of this 
project was established by the creation of a rule- 
based bidirectional crossmap between the two 
Short Lists [ 23 ,  24 ]. This work was then pre-
sented and endorsed at the Third World Congress 
of Pediatric Cardiology and Cardiac Surgery in 
Toronto, Canada on May 27, 2001, during the 
First International Summit on Nomenclature for 
Congenital Heart Disease, which was attended by 
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representatives from at least ten Societies and 
fi ve continents [ 25 ]. This bidirectional crossmap 
between the two Short Lists therefore established 
precedent to achieve the main goal of mapping 
the two comprehensive lists to each other to cre-
ate the International Pediatric and Congenital 
Cardiac Code (IPCCC), for subsequent presenta-
tion at the Fourth World Congress in 2005. 

 The working component of this International 
Nomenclature Committee has been the 
International Working Group for Mapping and 
Coding of Nomenclatures for Pediatric and 
Congenital Heart Disease, with 12 members, bet-
ter known as the Nomenclature Working Group 
(NWG). On September 19, 2005, the 
Nomenclature Working Group was able to report 
to the Second International Summit on 
Nomenclature for Congenital Heart Disease at 
the Fourth World Congress in Buenos Aires, 
Argentina, that they had met seven times, over a 
total period of 33 days, and had succeeded in 
crossmapping the majority of congenital cardiac 
lesions [ 26 ]. The IPCCC at that point consisted 
of 7,623 items, each with a six digit code, in two 
dominant versions:
•    The IPCCC derived from the European 

Paediatric Cardiac Code of the AEPC;  
•   The IPCCC derived from the International 

Congenital Heart Surgery Nomenclature and 
Database Project of the STS, the ECHSA, and 
the EACTS.    
 Each unique six-digit code in the IPCCC cor-

responds to a single entity, whether it be a mor-
phological phenotype, procedure, symptom, or 
genetic syndrome, with the mapped terms in the 
two versions being synonymous to each other. 
Additional systems of nomenclature, for pediat-
ric cardiology and cardiac surgery, which are 
mapped to the common spine, include the 
Boston-based Fyler codes, and the Canadian 
nomenclature system. There is also mapping to 
ICD-9 and ICD-10, usually in a many to one 
fashion, given the limitations of these ICD revi-
sions. Subsequent meetings of the NWG, in 2006 
and 2007, expanded the IPCCC further to cover 
fetal cardiology, arrhythmias, congenital coro-
nary arterial anomalies, echocardiography, and 
interventional cardiology procedures, with the 

help of several invited experts. A separate  parallel 
process also involved members of the NWG, in 
developing a nomenclature and system of classi-
fi cation for complications during and following 
interventions for patients with pediatric and con-
genital cardiac disease, as supported by The 
MultiSocietal Database Committee for Pediatric 
and Congenital Heart Disease. This was pub-
lished in 2008 as a Supplement in Cardiology in 
the Young [ 27 ]. During this process, the IPCCC 
expanded its list from 1,422 codes related to 
complications to a listing of over 2,500 items, 
each with its own numerical six digit code and 
consensus derived defi nition. 

 In early 2013, there were 12,168 items in the 
IPCCC version derived from the European 
Paediatric Cardiac Code, and 17,176 in the 
IPCCC version derived from the International 
Congenital Heart Surgery and Nomenclature 
Database Project, with an additional hundreds of 
qualifi ers, some specifi c such as anatomical sites 
and some generic such as gradings of severity. 
The IPCCC is available for download without 
cost from the internet at   http://www.IPCCC.net    . 

 The Nomenclature Working Group has also 
published review articles which provide a unifi ed 
and comprehensive classifi cation, with defi ni-
tions, for several complex congenital cardiac mal-
formations, along with a complete listing of the 
relevant codes and terms in both versions of the 
IPCCC: the functionally univentricular heart [ 28 ], 
hypoplastic left heart syndrome [ 29 ], discordant 
atrioventricular connections [ 30 ] and cardiac 
structures in the setting of heterotaxy [ 31 ]. 

 The IPCCC, in its parallel systems of nomen-
clature, is made up of eight fundamental 
components:
•    Diagnoses related to congenital cardiac 

malformations  
•   Diagnoses related to acquired cardiac disease, 

primarily but not exclusively focusing, on those 
occurring at in patients under 18 years of age. 
These diagnoses related to acquired cardiac dis-
ease include entities such as  cardiomyopathies, 
endocarditis, rheumatic heart disease, and 
acquired abnormalities related to congenital 
cardiac malformations, such as acquired right 
pulmonary arterial stenosis.  
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•   Relevant diagnoses related to genetic  syndromes, 
chromosomal abnormalities, non- cardiac con-
genital malformations, and acquired diseases, 
such as Marfan syndrome, trisomy 21, intestinal 
malrotation, and kyphoscoliosis.  

•   Signs, symptoms, and cardiac related diagnos-
tic investigations  

•   Preprocedural factors  
•   Procedures: surgical, transcatheter interven-

tions, and hybrid procedures  
•   Arrhythmias and inherited cardiac conditions, 

related procedures and their complications  
•   Intraoperative and postoperative complications     

    Further Developments Related 
to the IPCCC 

 The crossmapping of the Short Lists of the 
International Congenital Heart Surgery 
Nomenclature and Database Project and the 
European Paediatric Cardiac Code [ 24 ], which 
are used primarily for analyses of multi- 
institutional and international outcomes follow-
ing operations and procedures for patients with 
congenitally malformed hearts, and which are 
derived directly from their respective Long Lists, 
enables the huge number of over 500,000 patients 
registered in their respective databases to be used 
together. Work has shifted in recent years to focus 
on risk adjusted outcomes in order to compare 
the outcomes of similar groups of patients that 
have been stratifi ed into categories of increasing 
complexity and hence higher operative risk. 
Initial efforts in this regard were based on an 
expert panel’s subjective assessment of the risks 
associated with individual operations, namely 
 R isk  A djustment in  C ongenital  H eart  S urgery-1 
methodology (RACHS-1 method) and the 
Aristotle Complexity Score (ABC Score) [ 32 , 
 33 ]. More recently two empirical systems have 
emerged using actual patient outcomes as the 
basis for adjusting relative risks: the  ST S-E A C T S 
Congenital Heart Surgery Mortality Categories 
(STS-EACTS Mortality Categories) (STAT 
Mortality Categories), derived from the STS and 
EACTS databases [ 34 ], and the Partial Risk 
Adjustment in Surgery (PRAiS) system derived 

from the National Institute of Cardiovascular 
Outcomes Research (NICOR) Congenital Audit 
in the United Kingdom (previously known as the 
Central Cardiac Audit Database), which stratifi es 
risk based on operation type, comorbidities, and 
diagnoses [ 35 ]. Both systems depend upon the 
IPCCC to ensure a common lexicon of terms 
between institutions submitting data and both 
perform better than the systems based on the sub-
jective assessment of risk. 

 The structure and content of the Short Lists 
remain the purview of the Societies and organiza-
tions that created them. It is, of course, possible 
to shorten further, or create Short Lists specifi c to 
a subspecialty, or minimum datasets to suit indi-
vidual projects and research aims, provided that 
those using the Long List as the data entry mech-
anism, focus on similar areas, and ensure no 
orphan terms are produced during the process of 
electronic conversion of the terms in the Long 
List to specifi c terms in the Short List of interest, 
based on the resultant crossmap. 

 In January, 2005, the International Nomenclature 
Committee was incorporated in Canada as the 
International Society for Nomenclature of Paediatric 
and Congenital Heart Disease (ISNPCHD) [ 26 ]. On 
July 9, 2007, during its third annual meeting, the 
ISNPCHD created two new Working Groups, so 
that the Society now has the following three 
committees:
•    The International Working Group for Mapping 

and Coding of Nomenclatures for Pediatric 
and Congenital Heart Disease, also known as 
the Nomenclature Working Group (NWG). 
This Group continues to maintain, develop, 
expand, update, and preserve the IPCCC. It 
also provides ready access to the IPCCC for 
the global pediatric and congenital cardiology 
and cardiac surgery communities, related dis-
ciplines, the healthcare industry, and govern-
mental agencies, both electronically and in 
published form. Table  5.1  lists the current 
membership of the NWG.

•      The International Working Group for Defi ning 
the Nomenclatures for Pediatric and 
Congenital Heart Disease, also known as the 
Defi nitions Working Group (DWG). This 
Group has been engaged in writing defi nitions 
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for the terms in the IPCCC, building on the 
previously published defi nitions from the 
Nomenclature Working Group [ 28 – 31 ] and 
more recently focusing on the 11th revision of 
the ICD (see below).  

•   The International Working Group for 
Archiving and Cataloguing the Images and 
Videos of the Nomenclatures for Pediatric and 
Congenital Heart Disease, also known as the 
Archiving Working Group (AWG). This 
Group has been engaged in linking images 
and videos to the IPCCC, with monthly tele-
conferences to discuss, label, and code indi-
vidual images [ 36 ] (  http://www.IPCCC-awg.
NET    ). The images and videos are acquired 
from cardiac morphologic specimens and 
imaging modalities such as echocardiography, 
angiography, computerized axial tomography 
and magnetic resonance imaging, as well as 
intraoperative images and videos.     

    Crossmapping Issues 
and the Development 
of Crossmapping Rules 

 The process of crossmapping of systems of 
nomenclature has allowed the ISNPCHD to 
clarify several issues concerning nomencla-
ture and databases that had been difficult to 
resolve [ 37 ]:

•    Generic terms in the lists, that is terms ending 
in  NOS  ( not otherwise specifi ed ) or 
( unspecifi ed )  

•   Nonspecifi c terminology meant to allow fur-
ther description in the nomenclature lists, that 
is terms ending in  Other  or ( DESCRIBE )  

•   The meaning of the words  right  and  left  in the 
nomenclature lists, or lateralization  

•   Structural differences between nomenclature 
systems    
 Optimal performance from systems of nomen-

clature can be expected in an environment where 
the database, or system for entry of data, has cer-
tain standard regulations and requirements. The 
person entering the data, the “nomenclature 
coder”, must be forced to choose from the choices 
in the list of nomenclatures, and not be allowed to 
type free text directly into the fi elds for 
“Diagnoses” and “Procedures”. A separate 
“Comments” fi eld will then allow further free 
text to add additional description to any individ-
ual diagnosis or procedure that has been chosen. 
The crossmapping, and the systems themselves, 
will work effectively in environments that follow 
this basic rule or principle. This fundamental 
principle also leads to logical solutions for the 
fi rst two issues above. 

 All terms in the nomenclature lists theoreti-
cally end in  NOS  or ( unspecifi ed ), in that one can 
always create further subdivisions for virtually 
any diagnosis or procedure. Therefore, the 
generic term on its own is self-explanatory, with-
out the need for other clarifying nomenclature, 
such as  NOS  or ( unspecifi ed ) being affi xed. These 
suffi xes are consequently not necessary. 

 Terms ending in  Other  are problematic for sev-
eral reasons. The appendage  Other  could confer 
different meanings to a term depending on the list 
in which it is included, and any entry containing 
the appended term  Other  may change meaning 
over time as additional terms are added to the par-
ent list from which the term is derived. In some 
systems of nomenclature the intent of the terms 
with the appendage  Other  may be to allow for the 
further description of related terms or choices not 
appearing in the list, similar to the use of the suffi x 
( DESCRIBE ). The use of the suffi x ( DESCRIBE ) 
is preferable to the suffi x  Other  because the suffi x 

   Table 5.1    Membership of The International Working 
Group for Mapping and Coding of Nomenclatures for 
Pediatric and Congenital Heart Disease, also known as the 
Nomenclature Working Group (NWG)   

  1. Marie J. Beland, M.D. (Co-Chair) 
  2. Rodney C.G. Franklin, M.D. (Co-Chair) 
  3. Jeffrey P. Jacobs, M.D. (Co-Chair) 
  4. Vera D. Aiello, M.D. 
  5. Steven D. Colan, M.D. 
  6. J. William Gaynor, M.D. 
  7. Otto N. Krogmann, M.D. 
  8. Hiromi Kurosawa, M.D. 
  9. Bohdan Maruszewski, M.D. 
 10. Giovanni Stellin, M.D. 
 11. Christo I. Tchervenkov, M.D. 
 12. Paul M. Weinberg, M.D. 
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( DESCRIBE ) circumvents the above shortcom-
ings and implications inherent in the word  Other . 
It is apparent, however, it is actually completely 
unnecessary to specify that a family of terms can 
have further items added, when the database envi-
ronment follows the rule discussed above; namely, 
that no free text is permitted in the fi elds for 
“Diagnoses” or “Procedures”, whilst a separate 
“Comments” fi eld exists to allow further descrip-
tion of any chosen item. Thus, theoretically, all 
terms in the lists are suffi xed with ( DESCRIBE ), 
and the coder has the option to add further detail 
to any selected term. As a consequence, generic 
family terms ending in ( DESCRIBE ) or  Other  
become redundant. 

 When discussing cardiac chambers, such as 
atriums and ventricles, and spatial relationships, 
the words  left  and  right  can be confusing. Rules 
were therefore created to provide consistency and 
accuracy of descriptive terms of anatomical phe-
notypes. For cardiac chambers, unless otherwise 
stated,  left  refers to morphologically left, and 
 right  refers to morphologically right. Thus, left 
ventricle means the morphologically left ventri-
cle, left atrium refers to the morphologically left 
atrium, and right atrial appendage refers to the 
morphologically right atrial appendage, and so 
on. When discussing cardiac chambers, the words 
 left  and  right  do not imply sidedness or position. 
If one wishes to describe the position or sided-
ness of a cardiac chamber, it is necessary to use 
terms such as  left - sided ventricle . The term left 
ventricle, therefore, merely means the morpho-
logically left ventricle, and does not mean or 
imply left-sidedness or right-sidedness. Similarly, 
it does not imply connections to the right or left 
atrium, or the pulmonary or systemic circula-
tions. In contrast, when describing the superior 
caval vein, and using the prefi x  left  or  right , it is 
the spatial position that is being alluded to, rather 
than any other connection or phenotypic varia-
tion that may exist. 

 A separate issue is the fundamental structure 
of systems for nomenclature. Some systems of 
nomenclature use a  molecular  structure, with an 
incrementally more complex diagnostic or proce-
dural combination of terms. Each combination is 
considered a single diagnostic unit, which 

 theoretically could have its own numerical code. 
In contrast, other systems of nomenclature use an 
 atomic  structure, so that a complex diagnosis 
would have separate numerical codes for each 
element. This means that a map between an 
atomic system and a molecular system would 
have a series of atomic codes being equivalent to 
one molecular code. Thus, the combination term 
from the molecular nomenclature “ TGA ,  VSD  – 
 LVOTO ” is equivalent to the three entries in an 
atomic system:  Discordant VA connections  
(01.05.01),  VSD  (07.10.00), and  LV outfl ow tract 
obstruction  (07.09.01). Exceptions to this con-
fi guration are a few common combinations of 
lesions that are so routinely associated with each 
other that they have been grouped as one discrete 
diagnosis or procedure in both systems. Examples 
are:  Pulmonary atresia  +  VSD  ( including Fallot 
type ) (01.01.06), or  Arterial and atrial switch 
procedures  ( double switch ) (12.29.25).  

    The Electronic Health Record 
and the Systematized Nomenclature 
of Medicine Clinical Terms 
(SNOMED-CT) 

 Currently, the use of the IPCCC has largely been 
limited to individuals working in the fi eld of pedi-
atric cardiology and pediatric cardiac surgery. 
There is a need to expand this usage to other areas 
of global healthcare, where the individual with a 
congenitally malformed heart may be referred for 
care, or have an impact, such as other medical sub-
specialties, hospital administrative and insurance 
systems, and the WHO. A key element in achiev-
ing this has been the development of the electronic 
health record, facilitated by the continued advance-
ments in computers and information technology 
[ 38 ]. Healthcare providers are now demanding 
digitization of the healthcare record and clinical 
support systems, so as to move towards a paperless 
environment. This advance involves creating a 
standardized system for obtaining accurate and 
detailed clinical information on the history of the 
patient, as well as diagnosis, and treatment, using 
a reliable and easily validated methodology. The 
hope is that the savings made from this 

R.C.G. Franklin et al.



45

 patient-centric system, free from duplication of 
data entry, would free up resources for compara-
tive studies across units and nations of clinical and 
cost-related outcomes. This achievement would 
allow risk- adjusted benchmarking, and identifi ca-
tion of best practice, as well as the generation of 
effective guidelines and tools to support decision-
making. The prerequisite for this accomplishment 
is an underlying, all encompassing, common 
nomenclature and system of coding for healthcare, 
with clinician-led and validated entry of data, the 
qualities of which should include the following 
specifi cations:
•    An ‘atom’ based, clinically sensitive structure, 

so that each numerical code corresponds to the 
lowest denominator concept, based on a mul-
tidisciplinary clinical knowledgebase. This 
atomically oriented system would not pre-
clude higher level more complex concepts 
which are in common clinical use, such as 
‘hypoplastic left heart syndrome’  

•   The ability to code relevant qualities of sever-
ity and complexity, for stratifi cation of risk  

•   Standardization of underlying terminologies 
and hierarchical classifi cations across multi-
ple specialties  

•   An aim for one preferred representation of a 
concept or phenotype, but with explicit inte-
gration of synonyms and commonly used 
abbreviations. The user would then have a 
choice of synonymous terms, enabling entry 
of data that easily encompasses different cul-
tures of practice and different medical special-
ties. This use of synonyms should abrogate 
multiple, same-meaning, redundant codes  

•   The ability to access terms through multiple 
intuitive hierarchies, such as concepts for 
‘ventricular septal defect’ via pathways based 
on either septal defect, tetralogy of Fallot, or 
functionally univentricular heart  

•   Routine clinically sensitive updates for new 
procedures and scientifi c advances. This spec-
ifi cation is the “responsiveness” of the system 
of nomenclature  

•   The ability to move a concept to a new hierar-
chy, whilst maintaining its unique code, in 
response to scientifi c or clinical advances, 
such as genetics or transcatheter procedures  

•   The ability to account for diagnostic uncer-
tainty or negative fi ndings, using an additional 
attribute, such as ‘suspected’, ‘uncertain’ or 
‘ruled out’  

•   A defi nition for each term provided by an 
overseeing expert authority. We suggest that 
the DWG should oversee defi nitions for codes 
related to congenital cardiology and acquired 
pediatric cardiac disease  

•   The ability to deal with obsolete or scientifi -
cally inaccurate concepts by reassignment to 
the correct term and using an ‘obsolete’ label 
for the term itself, whilst retaining historical 
data  

•   Multilingual translations    
 These specifi cations are not available in cur-

rent international systems, such as ICD-9 and 
ICD-10. As a consequence, many non-integrated 
self-made, or industry-created, solutions exist, 
which are often expensive and of variable quality 
and integrity. 

 In 1974, the College of the American 
Pathologists created the Systematized 
Nomenclature of Medicine from their more 
restrictive listing of 1965, the Systematized 
Nomenclature of Pathology, generating an elec-
tronic format in 1977. After considerable expan-
sion over the next 25 years, with the endorsement 
of the National Library of Health and American 
National Standards Institute, it combined with the 
Clinical Terms version 3 project based in the 
United Kingdom to become, in 2002, the 
Systematized Nomenclature of Medicine Clinical 
Terms, or ‘SNOMED-CT’ [ 39 ]. During this time, 
and subsequently, it has achieved wide acceptance 
as an effective tool to classify diseases, and is 
being promoted as the optimal product for the 
electronic health record, having most of the above 
specifi cations, although notably without defi ni-
tions (and multilingual translations remain an 
ambition). In a précis of their own words: it is a 
dynamic, scientifi cally validated clinical refer-
ence terminology that makes health care knowl-
edge more usable and accessible by providing a 
common language that enables a consistent way 
of capturing, sharing, and aggregating health data 
across all specialties and sites of care. There are 
over 365,000 concepts, 730,000 attributes or 
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descriptors, and one million relational  connections, 
inclusive of diagnoses,  procedures, complications 
and relevant qualifi ers. In 2007, nine countries 
grouped together to purchase the product as the 
not-for-profi t International Health Terminology 
Standards Development Organization (IHTSDO), 1  
whilst having the College of American 
Pathologists continuing in a managerial role. It is 
in use in over 50 countries worldwide, with 19 co-
owner countries. The aim is to have a global, vali-
dated, and stable system of nomenclature with 
shared ownership, transparent processes of man-
agement, and a secure governance structure, as 
well as fi nancial sustainability. Arrangement for 
licensing with vendors from industry is to be sim-
ple, clear, and inclusive, whilst the user license is 
free to member states and 40 nations classifi ed by 
the World Bank as “low income countries”. 

 With respect to congenital and pediatric cardi-
ology and surgery, over 4,000 terms were inte-
grated into SNOMED-CT in 2002 when 
amalgamated with the UK Clinical Terms sys-
tem, which itself had taken these terms into its 
structure in 1994, as described above. These 
4,000 terms are also a core part of the IPCCC, 
with often exact or near-exact matching to the 
version derived from the European Paediatric 
Cardiac Code. Unfortunately, many categories 
also exist with redundant and obsolete terms, as 
well as areas of non-intuitive hierarchy, as this 
section of the lexicon has not had input from rel-
evant experts since 1994. One of the remits of the 
IHTSDO is to promote the development of sub-
sets for individual medical disciplines that 
already have a system of nomenclature in active 
use. This process is well underway after an agree-
ment between the IHTSDO and ISNPCHD to 
create a congenital cardiology subset by fully 
incorporating the IPCCC into the SNOMED-CT, 
whilst ‘cleaning up’ the latter to a clinically sound 
product, and mapping to the six digit numerical 
code. Over 2,500 terms have to date been incor-
porated and mapped. 

 Discussions with the cardiovascular 
 specialist healthcare industry have been ongoing 
and led to the successful incorporation of the 
IPCCC into standalone database software, as 

1   Australia, Canada, Denmark, Lithuania, New Zealand, 
Netherlands, Sweden, United Kingdom, United States. 

well as  echocardiographic and Catheterisation 
based software, either independently or as a spe-
cialist subset of SNOMED-CT.  

    The 11th Revision 
of the International Classifi cation 
of Diseases (ICD-11) 

 Discussions began in 2007, in Tokyo Japan, 
between ISNPCHD and representatives of the 
steering group responsible for the creation of 
ICD-11, administered by the WHO, and now 
scheduled for launch in 2017. The ICD-11 mis-
sion is ‘To produce an international disease clas-
sifi cation that is ready for electronic health 
records that will serve as a standard for scientifi c 
comparability and communication [ 40 ].’ It is 
planned to incorporate most of the above prereq-
uisites, including textual defi nitions, and will 
have logical linkages to other standard terminolo-
gies such as SNOMED-CT. In addition, the sys-
tem will be explicitly stratifi ed to cater for 
different users such as primary care and public 
health, so called the linearizations. For the fi rst 
time the revision process has moved away from 
reliance on large meetings of national delegations 
of health statisticians with manual archiving 
(curation) and wherein those who voiced their 
opinion strongest would dominate (‘decibel’ 
diplomacy), to being dependent upon interna-
tional expert clinicians with digital curation and 
incorporating wide peer review. The work is 
divided into content specifi c Topic Advisory 
Groups (TAGs) and related Working Groups, as 
well as cross sectional TAGs to ensure structural 
uniformity (Fig.  5.3 ). The authoring process uti-
lizes a web based platform for its entire content, 
the ICD Collaborative Authoring Tool (iCAT), 
which allows online global peer review and com-
ment, as well as editing by designated Managing 
Editors [ 40 ]. ICD- 11 utilizes an ontological con-
tent model that was derived from computer sci-
ence. Ontology in this context can be defi ned as 
the explicit, operational description of the con-
cepts within a domain; in other words, its quali-
ties, properties and attributes. In ICD-11 the 
evidence based attributes of each individual 
 disease are in the process of being delineated, 
including a textual defi nition, synonyms, inclu-
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sions, exclusions, diagnostic criteria, causal 
mechanisms, functional impact, and so on. This 
ontological content model will result in a com-
mon vocabulary with robust data standards, 
enabling a shared understanding and exchange of 
information (data) between individuals and insti-
tutions, permitting interoperability and like-for-
like comparisons across all fi elds of medicine. 
Congenital and pediatric cardiac disease are 
under the auspices of the Cardiovascular Working 
Group of the Internal Medicine Topic Advisory 
Group (TAG), in liaison with the Rare Diseases 
and Pediatric TAGs. Recent NWG and DWG 
annual meetings have been devoted to creating 
the ICD-11 content for the Cardiovascular 
Working Group; and consequently, ISNPCHD 
has submitted a short list of over 300 congenital 
cardiology terms, mostly with defi nitions and 
synonyms and based upon the IPCCC short lists 
described above. This draft version is  currently 
available for comment and endorsement within 

the ICD-11 Beta Draft (  http://apps.who.int/clas-
sifi cations/icd11/browse/f/en    ). Each item has 
IPCCC code(s) attached, and there will be a cor-
responding map from the respective diagnostic 
sections of the IPCCC Long List to ICD-11 to 
allow a further expansion of international and 
national comparisons of outcomes and quality 
assurance for those with congenital cardiac 
malformations.

       Differences Between Clinical 
and Administrative Nomenclature 

 Several studies have examined the relative utility 
of clinical and administrative nomenclature for 
the evaluation of quality of care for patients 
undergoing treatment for pediatric and congeni-
tal cardiac disease. Evidence from four recent 
investigations suggests that the validity of coding 
of lesions seen in the congenitally malformed 

ICD Revision Organizational Structure

WHO

Revision steering group

Health informatics and
modelling TAG (TAG HIM)

Morbidity TAG

Mortality TAG

Functionality
TAG

Cross-sectional topic advisory groups Content-specific topic advisory groups Working groups

Cardiovascular

Endocrlnology

Gastroenterology

Haematology

Hepatology and
pancreatobiliary

Nephrology

Respiratory

Rheumatology

Dentistry

Dermatology

Ear, nose and
throat

Maternal, neonatal
and urogenital

External causes
and injuries

Mental health Internal medicine

Rare Diseases

Paediatrics

Ophthalmology

Neurology TAG

Musculoskeletal

  Fig. 5.3    The workfl ow for the collaborative authoring of 
ICD is built around the ICD organizational structure. 
Branches of ICD classifi cation are assigned to at least one 
Topic Advisory Group ( TAG ), led by a Managing Editor. 
Congenital cardiology falls under the remit of the 
Cardiovascular Working Group of the Internal Medicine 

TAG with collaborative input and ratifi cation by the 
Pediatric and Rare Disease TAGs. The members of each 
Working Group and TAG have the task of entering the 
content of the diseases in their domain of expertise, such 
as textual defi nition, synonyms, clinical description, diag-
nostic criteria, causal mechanisms, and so on       

 

5 Nomenclature for Congenital and Pediatric Cardiac Disease 

http://apps.who.int/classifications/icd11/browse/f/en
http://apps.who.int/classifications/icd11/browse/f/en


48

heart via ICD-9 as used currently in administra-
tive databases in the United States of America is 
poor [ 41 – 44 ]. First, in a series of 373 infants with 
congenital cardiac defects at Children’s Hospital 
of Wisconsin, investigators reported that only 
52 % of the cardiac diagnoses in the medical 
records had a corresponding code from the 
ICD-9 in the hospital discharge database [ 41 ]. 
Second, the Hennepin County Medical Center 
discharge database in Minnesota identifi ed all 
infants born during 2001 with a code for congeni-
tal cardiac disease using ICD-9. A review of 
these 66 medical records by physicians was able 
to confi rm only 41 % of the codes contained in 
the administrative database from ICD-9 [ 42 ]. 
Third, the Metropolitan Atlanta Congenital 
Defect Program of the Birth Defect Branch of the 
Centers for Disease Control and Prevention of 
the United States government carried out surveil-
lance of infants and fetuses with cardiac defects 
delivered to mothers residing in Atlanta during 
the years 1988 through 2003 [ 43 ]. These records 
were reviewed and classifi ed using both adminis-
trative coding and the clinical nomenclature used 
in the Society of Thoracic Surgeons Congenital 
Heart Surgery Database. This study concluded 
that analyses based on the codes available in 
ICD-9 are likely to “have substantial misclassifi -
cation” of congenital cardiac disease. Fourth, a 
study was performed using linked patient data 
(2004–2010) from the Society of Thoracic 
Surgeons Congenital Heart Surgery (STS-CHS) 
Database (clinical registry) and the Pediatric 
Health Information Systems (PHIS) database 
(administrative database) from hospitals partici-
pating in both in order to evaluate differential 
coding/classifi cation of operations between data-
sets and subsequent impact on outcomes assess-
ment [ 44 ]. The cohort included 59,820 patients 
from 33 centers. There was a greater than 10 % 
difference in the number of cases identifi ed 
between data sources for half of the benchmark 
operations. The negative predictive value (NPV) 
of the administrative (versus clinical) data was 
high (98.8–99.9 %); the positive predictive value 
(PPV) was lower (56.7–88.0 %). Overall agree-
ment between data sources in RACHS-1 category 
assignment was 68.4 %. These differences trans-

lated into signifi cant differences in outcomes 
assessment, ranging from an underestimation of 
mortality associated with truncus arteriosus 
repair by 25.7 % in the administrative versus 
clinical data (7.01 % versus 9.43 %; p = 0.001) to 
an overestimation of mortality associated with 
ventricular septal defect (VSD) repair by 31.0 % 
(0.78 % versus 0.60 %; p = 0.1). For the RACHS-1 
categories, these ranged from an underestimation 
of category 5 mortality by 40.5 % to an overesti-
mation of category 2 mortality by 12.1 %; these 
differences were not statistically signifi cant. This 
study demonstrates differences in case ascertain-
ment between administrative and clinical registry 
data for children undergoing cardiac operations, 
which translated into important differences in 
outcomes assessment. 

 Several potential reasons can explain the poor 
diagnostic accuracy of administrative databases 
and codes from ICD-9:
•    Accidental miscoding  
•   Coding performed by medical records clerks 

who have never seen the actual patient  
•   Contradictory or poorly described information 

in the medical record  
•   Lack of diagnostic specifi city for congenital 

cardiac disease in the codes of ICD-9  
•   Inadequately trained medical coders.    

 Although one might anticipate some 
 improvement in diagnostic specifi city with the 
planned adoption of ICD-10 by the United States, 
it is likely to still be far short from that currently 
achieved with clinical registries using IPCCC 
derived Short Lists. (ICD-9 has only 29 congeni-
tal cardiac codes and ICD-10 has 73 possible 
congenital cardiac terms.) It will not be until 
there is implementation of the pediatric and con-
genital cardiac components of ICD-11, as devel-
oped by the ISNPCHD, that harmonization of 
clinical and administrative nomenclature will be 
achieved with the resolution, therefore, of many 
of these challenging issues.  

    Conclusions 

 The IPCCC was created by specialists in the 
fi eld to name and classify pediatric and con-
genital cardiac disease and its treatment. It is a 
comprehensive code that can be freely down-
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loaded from the internet (  http://www.IPCCC.
net    ) and is already in use worldwide, particu-
larly in its Short List formats for international 
comparisons of risk adjusted outcomes. This 
latter work is being used to compare perfor-
mance between units, and even individual cli-
nicians, to create strategies for stratifi cation of 
risk, and to improve healthcare for the indi-
vidual patient. Such comparisons have already 
been shown to be culturally reassuring when 
no statistically different outcomes can be 
demonstrated across a nation [ 45 ]. We antici-
pate that future cooperative multi-institutional 
studies will enable the optimization of the 
quality and effectiveness of healthcare for our 
patients with congenital cardiac malforma-
tions, whilst infl uencing the allocation of 
increasingly limited resources. 

 The collaboration with the ISNPCHD, the 
WHO, the IHTSDO and the healthcare indus-
try, will lead to further enhancement of the 
IPCCC, and to its more universal use. Future 
work of the ISNPCHD, and its three working 
groups, should produce in the next few years a 
unique, multifaceted lexicon of terms related to 
congenital cardiac disease and acquired pediat-
ric cardiac disease, for clinical, governance, 
educational, research, and administrative pur-
poses. This system will be replete with compre-
hensive defi nitions, and the ability to visualize 
the respective lesions, along with their modes 
of therapy, across a full array of imaging plat-
forms. All will be available at the click of a 
mouse, and free throughout the world.     
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    Abstract  

  A hierarchical organization of terms with defi nitions for pediatric and 
 congenital heart disease (PCHD) comprises a language or system of 
 communication that can be used to accurately describe the diagnoses and 
procedures associated with developmental cardiac malformations as well 
as acquired cardiac diseases that affect children and may persist into adult-
hood. However, some of the existing terminology is regional, disorga-
nized, redundant, ambiguous and imprecise. As such, an internationally 
accepted, cohesive and comprehensive set of terms with defi nitions for 
PCHD is required to unify the subspecialty. To achieve this goal, the mis-
sion of the Defi nitions Working Group (DWG) of the International Society 
for the Nomenclature of Pediatric and Congenital Heart Disease 
(ISNPCHD) is to create scientifi cally accurate, precise and concise defi ni-
tions for all of the diagnostic and procedural terms encompassed by the 
International Paediatric and Congenital Cardiac Code (IPCCC). A hierar-
chy and defi nitions for many of the parent terms of the IPCCC will also be 
used to populate the PCHD terms for the upcoming International 
Classifi cation of Diseases (ICD-11) published by the World Health 
Organization (WHO). The ongoing work of the DWG ultimately has the 
potential to create a universally accepted, cohesive and comprehensive set 
of terms for PCHD with scientifi cally accurate and clear defi nitions. The 
ultimate realization of this goal would greatly facilitate and improve inter-
national PCHD outcomes analyses and quality improvement strategies.  
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        Introduction 

 A hierarchical organization of terms with 
 defi nitions for pediatric and congenital heart dis-
ease (PCHD) comprises a language or system of 
communication that can be used to accurately 
describe the diagnoses and procedures associated 
with developmental cardiac malformations as 
well as acquired cardiac diseases that affect chil-
dren and may persist through adulthood. 
Numerous PCHD terms are derived from Latin 
and Greek roots. Although intimate familiarity 
with these classical languages is not common, the 
PCHD terms derived therefrom are readily recog-
nized and understood simply because they perme-
ate the medical curricula and literature and are 
frequently used. Some Latin/Greek terms, such as 
 truncus arteriosus , are one step further removed 
from intuitive understanding because they are 
additionally based upon embryology and, as such, 
these terms are intrinsically less descriptive, even 
to those with a basic understanding of Latin and 
Greek. Nonetheless, the sheer prevalence and 
common usage of Latin and Greek PCHD terms 
makes them universally familiar and, therefore, 
useful. English translations of PCHD terms can 
also be used as substitutes for the Latin/Greek 
terms (Anderson RH, June 2013, personal com-
munication). For example, the  ductus arteriosus  
can be called the  arterial duct  and  truncus arteri-
osus  can be called  common arterial trunk . The 
journal,  Cardiology in the Young , implements this 
process of anglicisation of PCHD terms in its edi-
torial process [ 1 ] to improve grammatical preci-
sion, literary style and clarity (Anderson RH, June 
2013, personal communication). Some very com-
mon Latin/Greek terms that seem intrinsically 
obvious, such as  atrial septal defect , are not so 
straightforward, however, when one considers 
that not all atrial septal defects are, in fact,  defects  
in the atrial septum. An interatrial communication 
of the sinus venosus type is just such an example. 

The problems caused by the diverse and 
 sometimes unclear or scientifi cally incorrect 
PCHD terms that exist worldwide underscore the 
need for building crossmaps between existing 
terms and for creating accurate and internation-
ally accepted defi nitions for these terms so that 
clinicians, researchers, epidemiologists and 
administrators can communicate precisely and 
can begin comparing apples to apples. During the 
process of agreeing upon these defi nitions it will 
sometimes become clear that certain terms should 
be retired to the status of synonyms and be 
replaced with terms that are more clear, intuitive 
and/or scientifi cally correct. 

 Currently, major international classifi cations 
such as the International Classifi cation of 
Diseases (ICD) [ 2 ,  3 ] and the Systematized 
Nomenclature of Medicine Clinical Terms 
(SNOMED CT) [ 3 ,  4 ] do not include term defi ni-
tions. The World Health Organization (WHO) 
and the International Health Terminology 
Standards Development Organization (IHTSDO), 
the respective parent organizations of ICD and 
SNOMED CT, both understand the importance 
of defi nitions and are committed to including 
defi nitions in their respective updated versions. 

 A universally accepted, cohesive and compre-
hensive set of terms for PCHD, it seems apparent, 
would be desirable to facilitate international out-
comes analyses and quality improvement. Such a 
language, though, for medicine in general has his-
torically been elusive, as articulated by William 
Farr (b1807-d1883). He emphasized the need for 
a common international lexicon to allow for the 
epidemiological study of diseases and their 
causes. As the fi rst medical statistician of the 
General Register Offi ce of England and Wales, 
Farr noted, in his fi rst report, published in 1839:

  The advantages of a uniform statistical 
 nomenclature, however imperfect, are so obvious, 
that it is surprising that no attention been paid to its 
 enforcement in Bills of Mortality. Each disease has, 
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in many instances, been denoted by three or four 
terms, and each term has been applied to as many 
different diseases: vague inconvenient names have 
been employed, or complications registered instead 
of primary diseases. The nomenclature is of as 
much importance in this department of inquiry, as 
weights and measures in the physical sciences, and 
should be settled without delay [ 3 ,  5 ]. 

       The Problem 

 The terminology of PCHD shares many 
 defi ciencies in common with other disciplines of 
medicine. These include:
    1.    Using multiple terms for a solitary disease   
   2.    Using a solitary term for multiple diseases   
   3.    Classifying or defi ning according to the clini-

cal presentation   
   4.    Using terms that are unfamiliar or uninformative   
   5.    Using shorthand or abbreviated terms   
   6.    Using eponyms   
   7.    Classifying or defi ning based upon the 

approach to the treatment or surgical repair 
and, fi nally,   

   8.    Classifying or defi ning according to embryol-
ogy or genetics.     
  Multiple Terms  –  Solitary Disease : It is nota-

ble that the same types of nomenclature problems 
that confronted medicine in Farr’s nineteenth 
century exist today in the terminology of 
PCHD. For example, as it pertains to the problem 
of “multiple terms for a solitary disease”, the 
same type of  ventricular septal defect  ( VSD ) is 
alternately termed  subarterial ,  juxtaarterial , 
 doubly committed juxtaarterial ,  conal septal , 
 conoseptal hypoplasia ,  absent outlet septum , 
 intraconal ,  supracristal ,  infundibular or subpul-
monary , all depending upon local custom [ 6 ]. 

  Solitary Term  –  Multiple Diseases : As regards 
a solitary term that is inappropriately applied to 
many congenital cardiac diseases, the term  single 
ventricle  is used to encompass a variety of diverse 
congenital heart diseases both with and without 
an anatomically  single ventricle  [ 7 – 9 ]. 

  Clinical Presentation : In addition to pointing 
out these two pitfalls, Farr also suggested that 
various causes of death, identifi ed in his day, be 
classifi ed, not according to the type of disease 

presentation, such as its symptoms and fi ndings, 
(i.e. pyrexial, cachexial, neurotic diseases) but 
rather according to the anatomical location of the 
disease [ 5 ]. An example of such a “clinical phe-
notypic” classifi cation might include dividing 
PCHD lesions into three physiological groups, 
those associated with cyanosis, pulmonary over-
circulation or low cardiac output. While such a 
classifi cation may sometimes be useful for under-
standing and categorizing the physiology of 
PCHD, it is a poor choice for the classifi cation 
thereof in a database because of the extensive 
overlap that can occur between these categories. 
For example, both cyanotic lesions and those 
associated with pulmonary overcirculation can 
also be associated with low cardiac output. 

  Shorthand / Abbreviations : The hazards of 
using shorthand or abbreviated terms are inher-
ently obvious. A few examples of such terms are 
 tet  for tetralogy of Fallot,  transpo  for transposi-
tion of the great arteries and  total veins  for totally 
anomalous pulmonary venous connection. For 
example, the term “plast” is often used as short-
hand for any lesion treated with a Norwood-type 
procedure, obscuring the marked differences 
between lesions such as hypoplastic left heart 
syndrome and unbalanced atrioventricular septal 
defect. These casual terms constitute a subtle 
type of “insider’s language” and tend to be read-
ily adopted due to their brevity, peer pressure and 
the ease and frequency with which they are used. 
Yet they are also poor and imprecise substitutes 
for the name of the actual lesion. These terms 
can, therefore, result in lost information and 
important miscommunication and, perhaps most 
importantly, can create bad habits and miscon-
ceptions among students and trainees. 

  Eponyms : The use of eponyms, while com-
mon, is not optimal for terms describing congeni-
tal heart disease. Some examples of such 
diagnostic, anatomical or procedural terms 
include Marfan syndrome, Kawasaki’s disease, 
sinus of Valsalva or Waterston shunt. These 
terms, while often yielding important contextual 
information, do not, intrinsically, convey precise 
information about the meaning or nature of the 
term and, hence, should be reserved as historical 
footnotes or listed as important synonyms. 
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  Treatment / Surgical Repair : Classifying or 
defi ning congenital heart disease according to the 
type of treatment used should also be avoided. For 
example, while it is true that patients with double 
outlet right ventricle (DORV) may require tunnel 
closure of the VSD to the malposed aortic valve 
whereas patients with a simple VSD can undergo 
a fl at-patch closure, using the mode of repair as 
the primary basis for defi ning DORV or VSD or 
distinguishing these entities from each other is not 
optimal for several reasons. Firstly, the diagnosis 
should remain the same regardless of whether an 
intervention is undertaken or not, and secondly, 
the type of intervention may well evolve over time 
(for example, aortic translocation in DORV or 
device closure of VSD) even though the morpho-
logical entity does not [ 10 ,  11 ]. 

 The term  single ventricle  is a controversial 
example in which it is common to defi ne a PCHD 
term according to its mode of repair. First of all, 
the term, itself, is immediately inadequate 
because patients with a so-called  single ventricle  
often have somewhat more than one complete 
ventricle, albeit usually less than two complete 
ventricles. One may argue that the term  single 
ventricle  is just a name that refers to an entity and 
that the term is, therefore, no more important 
than a name like  John  or  Mary . The logical exten-
sion to this argument is that it is the defi nition 
that really matters and not the term itself. The 
term, one may say, is simply a name. However 
logical as this may seem, the term  single ventri-
cle  is, nonetheless, an example of a PCHD term 
that compromises on scientifi c accuracy. While 
 single ventricle  should be retained as an impor-
tant synonym because of its prevalence in the 
medical literature and its undeniable place in the 
history of PCHD, the term  functionally univen-
tricular heart  is an imperfect, but more scientifi -
cally accurate, replacement term [ 7 – 9 ,  12 ] in part 
because the introduction of the modifi er,  func-
tionally , makes it clear that this is a category 
based on more than just the anatomic fi ndings 
since, as Jacobs and Anderson have said, “The 
entire ventricular mass is  functionally univentric-
ular  whenever one or the other ventricle is inca-
pable, for whatever reason, of supporting either 
the systemic or the pulmonary circulation” [ 9 ]. 

What may be considered an adequate defi nition 
for  functionally univentricular heart  is usually 
more detailed and more complex because this is a 
broad term that encompasses a wide spectrum of 
diverse congenital cardiac lesions. Because of 
this morphological diversity, a  functionally uni-
ventricular heart  cannot be defi ned solely accord-
ing to its anatomy, as one would ideally like to 
defi ne a congenital cardiac lesion. Rather, one 
may defi ne  functionally univentricular heart  as 
“a spectrum of congenital cardiovascular malfor-
mations in which the ventricular mass may not 
readily lend itself to partitioning that commits 
one ventricular pump to the systemic circulation, 
and another to the pulmonary circulation. A heart 
may be functionally univentricular because of its 
anatomy or because of the lack of feasibility or 
lack of advisability of surgically partitioning the 
ventricular mass. Common lesions in this cate-
gory typically include double inlet right ventricle 
(DIRV), double inlet left ventricle (DILV), tricus-
pid atresia, mitral atresia, and hypoplastic left 
heart syndrome. Other lesions which sometimes 
may be considered to be a functionally univen-
tricular heart include complex forms of atrioven-
tricular septal defect, double outlet right ventricle, 
congenitally corrected transposition, pulmonary 
atresia with intact ventricular septum, and other 
cardiovascular malformations. Specifi c diagnos-
tic codes should be used whenever possible, and 
not the term ‘functionally univentricular heart’” 
[ 13 ]. This is certainly an example of an imperfect 
term with an equally imperfect defi nition in that 
the term encompasses a multitude of diverse con-
genital cardiac lesions and its defi nition, by 
necessity, invokes the surgical procedure(s) used 
for the surgical repair. This underscores the dif-
fi culty in both naming and defi ning this complex 
group of congenital heart lesions. 

  Embryology / Genetics : While there may be 
some value in classifying or naming anatomical 
congenital heart disease terms according to their 
embryology or genetics, this approach should be 
reserved for special situations where develop-
ment is the focus of the database. There are many 
examples of congenital cardiac terms that are 
based upon embryology, two of which, for exam-
ple, are  truncus arteriosus  and  sinus venosus 
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atrial septal defect . Many of these  embryologically 
oriented terms are deeply imbedded in the termi-
nology of congenital heart disease and will likely 
persist over time due to their overwhelming prev-
alence and frequency of use. Nonetheless, cur-
rently the classifi cation, management and 
measurement of outcomes in congenital heart 
disease emphasize the morphology of the con-
genital heart defects as opposed to the proposed 
embryological origins or to various identifi ed 
genetic defects. While PCHD may ultimately be 
distilled to and classifi ed by its genotype, the cur-
rent state of knowledge of this important fi eld of 
investigation is not yet specifi c enough to allow 
us to propose such an organization. For example 
it is known that certain myosin binding protein 
mutations are associated with cardiomyopathy, 
either dilated, restrictive or hypertrophic. The 
same mutations, however, can also be associated 
with non-compaction or even no detectable dis-
ease at all [ 14 ]. Hence, while it remains impor-
tant to capture and categorize genetic information 
related to congenital heart disease, the emphasis 
is currently on phenotype rather than genotype. 
This emphasis may very well change over time as 
more is learned about the genetics of congenital 
heart disease. 

 In summary, the language of PCHD should 
continue to be rooted primarily in its structural 
aspects (morphology) and not in its physiology, 
mode of repair, embryology or genetics. Our 
understanding of etiology (including the genetic 
basis) and of treatment are the most evanescent 
and dynamic aspects related to PCHD. Defi nitions 
should, therefore, be designed so that they remain 
relevant and as accurate as possible, even while 
therapies evolve and our knowledge of molecular 
biology increases exponentially.  

    The Solution 

 Though a universally accepted, cohesive and 
comprehensive set of terms and defi nitions for 
PCHD, avoiding the pitfalls described above, is 
desirable, nonetheless an eclectic list of congeni-
tal heart disease terms already exists stratifi ed 
within a number of different classifi cations. For 

example, the Society of Thoracic Surgeons’ 
Congenital Heart Surgery Database (STS-CHSD) 
and the European Association for Cardiothoracic 
Surgery European Congenital Heart Defects 
Database (EACTS-ECHDD) both participated in 
the International Congenital Heart Surgery 
Nomenclature and Database Project (ICHSNDP) 
to standardize the nomenclature and reporting 
strategies that would establish the foundations 
for an international congenital heart disease data-
base. The work product of the ICHSNDP was 
reported as the EACTS-STS Database short and 
long lists in a special supplement of the Annals of 
Thoracic Surgery published in April of 2000 [ 15 ]. 
This so-called “molecular” approach to the strati-
fi cation of the nomenclature of PCHD can be 
compared to the more “atomic” structure of the 
Association for European Paediatric Cardiology’s 
European Paediatric Cardiac Code (AEPC-
EPCC) that was published independently in 
Cardiology in the Young in January of the same 
year [ 16 ]. Examples of other types of databases 
related to congenital heart disease, in addition to 
those mentioned above, include but are not lim-
ited to: (1) institutional congenital heart disease 
databases such as the Fyler Codes of Boston 
Children’s Hospital [ 17 ]; (2) research- focused 
databases such as the Congenital Heart Surgeons 
Society Database (CHSS Database) [ 18 ]; (3) spe-
cialty databases such as the Pediatric Heart 
Transplant Study Group database (PHTSG) [ 19 ]; 
(4) pediatric cardiac catheterization databases such 
as the IMPACT Registry (IMproving Pediatric 
and Adult Congenital Treatment) [ 20 ,  21 ]; (5) 
databases related to supporting subspecialties 
such as pediatric cardiac anesthesiology (STS 
Congenital Database Anesthesia Module) [ 22 ] 
and pediatric critical care (Virtual Pediatric 
Intensive Care Unit Performance System (VPS)) 
[ 23 ]; and (6) international administrative data-
bases such as the ICD [ 2 ,  3 ]. 

 The diverse hierarchies and terms populating 
the multitude of databases that contain PCHD 
terms would seem to mitigate against the suc-
cessful creation of a unifi ed international con-
genital heart disease nomenclature, much less 
one with agreed upon defi nitions. This task was 
initiated by the leadership of two of the most 
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widely used databases dedicated solely to 
 congenital heart disease, the EACTS-STS [ 15 ] 
and the AEPC-EPCC [ 16 ] databases, along with 
other international experts. In 2000 they formed 
the International Society for the Nomenclature 
of Pediatric and Congenital Heart Disease 
(ISNPCHD) [ 3 ]. Over the course of the next 
decade members of the ISNPCHD fulfi lled their 
mission of creating an international database for 
congenital heart disease by crossmapping the 
EACTS-STS and the AEPC-EPCC terms into 
what is now called the International Paediatric 
and Congenital Cardiac Code (IPCCC) [ 3 ,  24 ]. 
This work, performed by the Nomenclature 
Working Group (NWG) of the ISNPCHD, pre-
served the integrity of the hierarchy and terms of 
the individual databases by using an inclusive 

crossmap technique that matched terms between 
the two databases thereby creating the codes of 
the IPCCC [ 24 ]. The Nomenclature Working 
Group has also previously published review 
articles which provide a unifi ed and comprehen-
sive classifi cation, with defi nitions, for several 
complex congenital cardiac malformations, along 
with a complete listing of the relevant codes and 
terms in both versions of the IPCCC: the func-
tionally univentricular heart [ 8 ], hypoplastic left 
heart syndrome [ 25 ], discordant atrioventricular 
connections [ 26 ] and cardiac structures in the set-
ting of heterotaxy [ 27 ]. 

 In 2007 at the ISNPCHD meeting in Tokyo, 
Japan, the Defi nitions Working Group (DWG) 
was established (Table  6.1 ) with the mandate to 
build upon the initial efforts of the NWG by 

   Table 6.1    Names, medical specialties and countries of origin of the members of the Defi nitions Working Group 
(DWG) of the International Society for the Nomenclature of Pediatric and Congenital Heart Disease (ISNPCHD)   

 Defi nitions Working Group (DWG) 

 Member name  Member specialty  Member institution/country 

 Vera D. Aiello  Cardiac Morphologist  Heart Institute of San Paulo University, Brazil 
 Robert H. Anderson  Cardiac Morphologist  Inst. Medical Genetics, Newcastle 

University, UK 
 Marie J. Beland  Pediatric Cardiologist  The Montreal Children’s Hospital, Canada 
 Steven D. Colan (Co-Chair)  Pediatric Cardiologist  Boston Children’s Hospital, USA 
 Rodney C. Franklin  Pediatric Cardiologist  Royal Brompton Hospital, UK 
 J. William Gaynor  Pediatric Cardiac Surgeon  Children’s Hospital of Philadelphia, USA 
 Jorge Giroud  Pediatric Cardiologist  All Children’s Hospital, USA 
 Lucile Houyel  Pediatric Cardiologist  Hôpital Marie – Lannelongue, France 
 Christopher Hugo-Hamman  Pediatric Cardiologist  University of Stellenbosch, South Africa 
 Jeffrey P. Jacobs  Pediatric Cardiac Surgeon  All Children’s Hospital, USA 
 Marshall L. Jacobs  Pediatric Cardiac Surgeon  Johns Hopkins University SOM, USA 
 Howard Jeffries  Pediatric Cardiac Critical Care  Seattle Children’s Hospital, USA 
 Amy Juraszek  Pediatric Cardiologist  UT Southwestern Medical Center, USA 
 Otto N. Krogmann  Pediatric Cardiologist  CHD Heart Center Duisburg, Germany 
 Hiromi Kurosawa  Pediatric Cardiac Surgeon  Former, Tokyo Women’s Medical Univ., 

Japan 
 Bohdan Maruszewski  Pediatric Cardiac Surgeon  The Children’s Memorial Health Institute, 

Poland 
 Stephen Seslar  Pediatric Cardiologist  Seattle Children’s Hospital, USA 
 Giovanni Stellin  Pediatric Cardiac Surgeon  University of Padova, Italy 
 Christo I. Tchervenkov  Pediatric Cardiac Surgeon  The Montreal Children’s Hospital, Canada 
 Henry L. Walters (Co-Chair)  Pediatric Cardiac Surgeon  Children’s Hospital of Michigan, USA 
 Paul M. Weinberg  Pediatric Cardiologist/Morphologist  Children’s Hospital of Philadelphia, USA 
 Jim Wilkinson  Pediatric Cardiologist  Royal Children’s Hospital, Australia 
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 creating defi nitions for all of the diagnostic and 
procedural terms encompassed by the 
IPCCC. These defi nitions were to be scientifi -
cally accurate, precise and as concise as possible. 
Inclusivity was assured by choosing the IPCCC 
as the list of terms to defi ne since it cross-mapped 
the EACTS- STS and the AEPC-EPCC database 
terms and since the IPCCC was freely available 
online for download to be used by other institu-
tions or for crossmapping to their databases [ 24 ].

   According to its Latin root, - fi nire , to  defi ne  a 
term is to fi x or to mark its limits, thereby deter-
mining not only what it is but also what it is not. 
In so doing one identifi es the essential qualities 
or the meaning of the entity to which the term 
applies as opposed to establishing quantitative 
diagnostic criteria or listing an expansive descrip-
tion of all possible associations and variations. 
As stated earlier, anatomic elements should be 
defi ned anatomically and physiologic ones 
should be defi ned physiologically. Defi nitions 
should, most importantly, be scientifi cally accu-
rate. For example, although the term  sinus veno-
sus atrial septal defect  is commonly used, it is 
more scientifi cally accurate to call this a sinus 
venosus  interatrial communication  because, 
while it  functions  as an interatrial communication 
in the mouth of the superior vena cava, this lesion 
is not an actual  defect  of the atrial septum but 
rather results from the biatrial connection of the 
superior vena cava and right upper pulmonary 
veins [ 28 – 30 ]. For this same reason of scientifi c 
accuracy, the parent term  atrial septal defect  is 
better called an  interatrial communication  since 
not all interatrial communications are actual 
 defects  of the interatrial septum. In addition to 
being scientifi cally accurate, PCHD defi nitions 
should be clear, consistent, incisive, and, when-
ever possible, concise. An example defi nition 
that aptly illustrates all of these attributes is that 
of ventricular septal defect (VSD): “A congenital 
cardiovascular malformation in which there is a 
hole between the ventricular chambers or ven-
tricular remnants” [ 6 ,  31 ]. Whenever possible, 
for the sake of consistency, the defi nitions begin 
with the same phrase, “A congenital cardiac 

 malformation in which …”. Since some terms, 
like VSD, can be considered  parent terms , the 
defi nitions of any derived terms, like perimem-
branous VSD, should use the parent term, itself, 
rather than repeat the defi nition thereof. 
According to this rule the defi nition of inlet VSD 
would then be: “A congenital cardiovascular mal-
formation in which there is a ventricular septal 
defect that permits direct fl ow between the inlet 
components of the ventricles” [ 32 ,  33 ]. PCHD 
defi nitions should, however, not sacrifi ce scien-
tifi c accuracy and clarity for the sake of being 
incisive and concise. Hence the somewhat longer 
and convoluted defi nition of perimembranous 
VSD is: “A congenital cardiovascular malforma-
tion in which there is a ventricular septal defect 
contiguous with the site of the membranous sep-
tum, defi ned as the area of the septum contiguous 
with the fi brous continuity between the leafl ets of 
an atrioventricular valve and an arterial valve” 
[ 6 ,  34 – 36 ]. 

 While most PCHD defi nitions may stand on 
their own merits, there are some situations in 
which supplemental explanation is required to 
promote clarity, to explain variable interpreta-
tions and/or to allow for an expression of contro-
versy. Hence, a  commentary  is required and is 
added to supplement some defi nitions. An exam-
ple supplement for the defi nition of VSD is : 
“The VSD is defi ned on the basis of its margins 
as seen from the aspect of the morphologically 
right ventricle. In the setting of double outlet 
right ventricle, the defect provides the outfl ow 
from the morphologically left ventricle. In 
 univentricular atrioventricular connections with 
functionally single left ventricle with an outfl ow 
chamber, the communication is referred to by 
some as a bulboventricular foramen” [ 37 ]. 

 While the most clear and scientifi cally accu-
rate PCHD term is listed as the one to be defi ned, 
it is important to remain inclusive by retaining as 
many synonyms, historical, local/regional or 
institutional terms as possible. The synonym 
does not constitute a part of the defi nition, but is 
used to prevent the loss of important data and 
facilitate accurate searches for identical terms. 
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This goal is accomplished by creating a list of 
acceptable  synonyms. Synonyms  are defi ned as 
terms that have the identical meaning in all 
senses, as the term being defi ned. When the 
 synonym is more frequently used than the pri-
mary term, it is listed immediately beside the pri-
mary term to be defi ned. For example, while the 
most scientifi cally accurate term may be  inter-
atrial communication , the term  atrial septal  
defect is more widely used and, as such, is listed 
immediately beside  interatrial communication  in 
the hierarchy [ 38 ]. On the other hand  perimem-
branous VSD  can also be called  paramembra-
nous VSD or Type 2 VSD . Since these two 
synonyms are no longer widely used, they are 
placed in a separate list of synonyms linked to the 
primary term [ 39 ]. Similarly, a separate list of 
acceptable abbreviations linked to the primary 
term is also created. Finally, in the interest of 
total inclusivity, a list of poor synonyms and 
abbreviations is also maintained and linked to 
each principle term to be defi ned. As described 
earlier,  sinus venosus ASD , is not a scientifi cally 
accurate term and, as such, it is placed in this list 
of poor synonyms [ 40 ]. 

 After the DWG established the principles for 
creating defi nitions for the terms of PCHD, the 
actual process for crafting the defi nitions was 
developed. Individual members of the DWG 
were assigned terms to defi ne. These defi nitions 
were then debated, modifi ed and ratifi ed at the 
subsequent six annual meetings of the DWG held 
from 2008 to 2013 (Table  6.2 ). While an 
 exhaustive listing of all of the defi nitions 
 completed to date is outside the scope of this 
chapter, some examples of these defi nitions are 
listed in Table  6.3 . With more than 8,000 diag-
nostic and procedural terms contained within the 
IPCCC the decision of where to actually start 
the  process of defi ning was established when the 
DWG accepted the challenge of establishing the 
diagnostic PCHD terms, hierarchy and defi ni-
tions for the upcoming International Classifi cation 
of Diseases (ICD-11) published by the World 
Health Organization (WHO). In previous  versions 
(ICD-9 and ICD-10) there were relatively few 
PCHD terms included, with 35 and 73 terms 

respectively. The hierarchy of these terms was 
not optimal and they were placed within the 
“Rare Diseases” section. For ICD-11 the decision 
was made to place PCHD within the Internal 
Medicine Topic Advisory Group, assigned to the 
Cardiovascular Working Group. Through a 
 process of consensus a fi nal list of approximately 
311 terms were selected and organized into a six- 
level hierarchy by coalescing the best of the diag-
nostic short lists of both the EPCC of the AEPC 
and the EACTS-STS databases [ 41 ]. In creating 
this hierarchy, with its list of terms, emphasis was 
placed upon scientifi c accuracy, comprehensive-
ness and the creation of a logical categorization. 
The starting points for defi nitions have been 
assigned to each of these terms using source 
material that includes the papers of the ICHSNDP 
published in the special supplement of the Annals 
of Thoracic Surgery in April of 2000 [ 15 ] and 
previous publications of the ISNPCHD [ 3 ,  8 , 
 27 ,  42 ]. These starting defi nitions are further 
refi ned by discussion/debate during full session 
of the DWG. Thus far 187 defi nitions have been 
fully ratifi ed by the DWG and working defi ni-
tions for future discussion/debate by the DWG 
for the remaining 107 terms have been assigned 
but have yet to be ratifi ed [ 39 ]. Since these ICD-
11 defi nitions comprise most of the parent diag-
nostic terms for the IPCCC, the defi nitions for 
the  subsidiary diagnostic terms in the IPCCC will 
eventually build upon the defi nitions of these 
 parent terms.

   Table 6.2    Locations and dates of the working meetings 
of the Defi nitions Working Group (DWG) of the 
International Society for the Nomenclature of Pediatric 
and Congenital Heart Disease (ISNPCHD)   

 Meetings of the Defi nitions Working Group (DWG) 

 Location  Year 

 Cape Cod, MA, USA  July 2008 
 Boston, MA, USA  May 2009 
 County Donegal, Republic of 
Ireland 

 July 2010 

 Wild Dunes, SC, USA  July 2011 
 St Goar, Germany  July 2012 
 Holetown, Barbados  December 2013 
 New York, NY  September 2014 
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        Conclusion 

 The treatment of PCHD is improved more by 
 cooperation than by competition. Cooperation 
is enhanced by improving the precision of 
communication amongst all those who are 
involved in the fi eld. Communication is 
enhanced by using the same diagnostic and 
procedural terms and defi nitions. The ongoing 

work of the DWG ultimately has the potential 
to create a universally accepted, cohesive and 
comprehensive set of terms for PCHD with 
 scientifi cally accurate and clear  defi nitions. 
The  ultimate realization of this goal would 
greatly  facilitate and improve international 
PCHD outcomes analyses and quality 
improvement strategies.     

   Table 6.3    Examples of some of the defi nitions of pediatric and congenital heart disease terms created by the DWG 
during annual meetings from 2008 to 2013   

 Term  Defi nition 

 Interatrial communication (Atrial 
septal defect) 

 A congenital cardiac malformation in which there is a hole or pathway 
between the atrial chambers 

 Ventricular septal defect  A congenital cardiac malformation in which there is a hole or pathway 
between the ventricular chambers or ventricular remnants 

 Tetralogy of Fallot  A group of congenital cardiac malformations with biventricular 
atrioventricular alignments or connections characterized by anterosuperior 
deviation of the conal or outlet septum or its fi brous remnant, narrowing 
or atresia of the pulmonary outfl ow, a ventricular septal defect of the 
malalignment type, and biventricular origin of the aorta. Tetralogy of Fallot 
will always have a ventricular septal defect, narrowing or atresia of the 
pulmonary outfl ow, aortic override, and most often right ventricular 
hypertrophy 

 Atrioventricular septal defect 
(Atrioventricular canal defect) 

 A congenital cardiac malformation with a common atrioventricular junction 
and an atrioventricular septal defect 

 Functionally univentricular heart  The term “functionally univentricular heart” describes a spectrum of 
congenital cardiac malformations in which the ventricular mass may not 
readily lend itself to partitioning that commits one ventricular pump to the 
systemic circulation, and another to the pulmonary circulation 

 Hypoplastic left heart syndrome  A congenital cardiovascular malformation where there is a spectrum of 
cardiovascular malformations with normally aligned great arteries without a 
common atrioventricular junction and signifi cant hypoplasia of the left 
ventricle associated with atresia, stenosis, or hypoplasia of the aortic or 
mitral valve, or both valves, and hypoplasia of the ascending aorta and 
aortic arch. A spectrum of congenital cardiovascular malformations with 
normally aligned great arteries without a common atrioventricular junction 
with signifi cant hypoplasia of the left ventricle and including atresia, 
stenosis, or hypoplasia of the aortic or mitral valve, or both valves, and 
hypoplasia of the ascending aorta and aortic arch. 

 Visceral heterotaxy (Abnormal 
arrangement of thoraco-abdominal 
organs) 

 A congenital malformation in which the internal thoraco- abdominal organs 
demonstrate abnormal arrangement across the left-right axis of the body. By 
convention, heterotaxy syndrome does not include patients with complete 
mirror-imaged arrangement of the internal organs along the left-right axis 
also known as “situs inversus totalis” 

 Transposition of the great arteries 
(Discordant ventriculo- arterial 
connections) 

 A congenital cardiovascular malformation in which the morphologically 
right ventricle connects to the aorta and the morphologically left ventricle 
connects to the pulmonary trunk 

 Congenitally corrected transposition 
(Discordant atrioventricular and 
ventriculo-arterial connections) 

 A congenital cardiovascular malformation in which the morphologically 
right atrium connects to the morphologically left ventricle, the 
morphologically left atrium connects to the morphologically right ventricle, 
the morphologically right ventricle connects to the aorta, and the 
morphologically left ventricle connects to the pulmonary trunk 
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    Abstract  

  Survival for children with cardiac disease has dramatically increased in 
the past four decades with the advent of improvements in diagnosis and 
treatment. In order to further decrease morbidity and mortality, optimiza-
tion of outcomes must be vigorously pursued, and this optimization 
requires a common language when discussing and comparing results of 
the available diagnostic and therapeutic options. This common language 
exists and is named The International Pediatric and Congenital Cardiac 
Code (IPCCC). In order to make the IPCCC more universally understood, 
a ‘virtual visual encyclopedia’ has been created that links and illustrates 
the terms and defi nitions of the IPCCC with images of all types. The 
Archiving Working Group (AWG) of the International Society for 
Nomenclature of Paediatric and Congenital Heart Disease (ISNPCHD) is 
an organization composed of members of the international pediatric car-
diac medical and surgical community that collaborate to illustrate, with 
representative images of all types and formats, the pertinent aspects of 
cardiac diseases that affect all pediatric patients, using the codes and defi -
nitions of the IPCCC as the organizational structure. This chapter describes 
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the process of linking illustrations and nomenclature in the effort to better 
understand congenital and acquired cardiac disease and improve 
outcomes.  

  Keywords  

  Databases   •   Cardiac nomenclature   •   Illustrations   •   Congenital heart dis-
ease   •   Internet   •   Cardiac encyclopedia   •   Cardiac images   •   International 
Pediatric and Congenital Cardiac Code  

  Abbreviations 

   AEPC     Association for European 
Paediatric Cardiology   

  AWG    Archiving Working Group   
  CPT    Current procedural terminology   
  DWG    Defi nitions Working Group   
  EACTS     European Association for Cardio- 

Thoracic Surgery   
  ICD     The International Classifi cation of 

Diseases   
  IPCCC     International Pediatric and 

Congenital Cardiac Code   
  ISNPCHD     International Society for 

Nomenclature of Paediatric and 
Congenital Heart Disease   

  JPEG    Joint Photographic Expert Group   
  MRI    Magnetic resonance imaging   
  NWG    Nomenclature Working Group   
  STS    Society of Thoracic Surgeons   

          Introduction 

 Attempts to understand, classify, and illustrate the 
various medical affl ictions of mankind have been 
part of the human legacy from the earliest days of 
recorded antiquity. The best well documented of 
these histories come from the Greco- Roman 
world and were reintroduced into Western Europe 
at the time of the ‘Golden Age’ of Arabic- Islamic 
science [ 1 ]. The intellectual ferment of the 
Renaissance changed the prevalent static nature 
of medical thinking and encouraged the approach 
of direct observation. This process slowly changed 
the philosophical underpinnings of learning and 
practicing medicine, from the study of the  writings 

of Galen to that of empirical observations. As the 
study of normal and pathologic anatomy grew 
from isolated instances to the systematic review 
of the available pathologies, catalogues or atlases 
linking illustrations with the prevailing terms 
grew in importance and availability. In the mod-
ern era, this phenomenon has become even more 
important; and now, terms of nomenclature, 
describing the diagnosis and treatments for the 
diverse forms of cardiac disease, and based on 
logic and the best available science, have become 
the standard way to classify and catalogue the 
diverse manifestations of cardiac disease of neo-
nates, infants, children, and young adults. As dis-
cussed in previous chapters, the International 
Pediatric and Congenital Cardiac Code (IPCCC) 
is one of the most commonly used international 
systems of nomenclature for cardiac disease. The 
IPCC was copyrighted in 2005 by the International 
Society for Nomenclature of Paediatric and 
Congenital Heart Disease (ISNPCHD) and is 
freely available for download at   http://www.ipccc.
net/    . The IPCCC consists of a cross-map linking 
the following systems of classifi cation:
    1.    The International Congenital Heart Surgery 

Nomenclature and Database Project of the 
European Association for Cardio-Thoracic 
Surgery (EACTS) and the Society of Thoracic 
Surgeons (STS).   

   2.    The European Paediatric Cardiac Coding 
(EPCC) of the Association for European 
Paediatric and Congenital Cardiology (AEPC).   

   3.    The Fyler Codes of Boston Children’s 
Hospital and Harvard University.   

   4.    The International Classifi cation of Diseases 
(ICD-9 and ICD-10) of the World Health 
Organization.   
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   5.    The Current Procedural Terminology (CPT) 
of the American Medical Association.    
  As one of the three working groups of the 

ISNPCHD, the Archiving Working Group 
(AWG) was formed in 2007 with the mandate of 
using images and illustrations to complement the 
written codes and defi nitions available within the 
IPCCC. The AWG became operational in 2010 
with the development of a process and web pres-
ence (  ipccc-awg.net    ) that strives to identify, cer-
tify, and display images in all formats, of the best 
available phenotypes that illustrate the list of 
terms of the IPCCC. Therefore, the purpose of 
this chapter is to discuss the process followed by 
the AWG and the lessons learned on how to 
develop a comprehensive system of illustrations 
of nomenclatures. This effort is in keeping with 
the ultimate goal of the authors, in promoting the 
use of a universal system of nomenclature that 
facilitates the large scale adoption of pediatric 
cardiac databases. The long term effect will be to 
improve communications between all pediatric 
cardiac specialties and promote continued 
advancements in the diagnosis and treatment of 
the neonate, infant, child, and young adult with 
the various forms of pediatric and congenital car-
diac disease.  

    Historical Background 

 Hippocrates of Kos (460–370 BCE) is credited 
with being the fi rst reject the widely held belief 
of the divine origin of disease and to argue for 
the practice of medicine based on observation 
and rational thought. “On Fractures” as well as 
in other treatises and part of the Hippocratic 
Corpus (a collection of writings ascribed to 
Hippocrates but with likely contributions by oth-
ers), refl ected a signifi cant body of knowledge of 
anatomy that could only be gained by direct 
observations on the human body [ 2 ,  3 ]. In 
Hellenistic Alexandria, Herophilos (280 BCE) 
began the systematic use of dissections on human 
cadavers to study anatomy; and as this knowl-
edge advanced, illustrations were used to help in 
the teaching of this new found knowledge [ 4 – 6 ]. 
Galen (129–200 CE), the most famous physician 

of Roman times, and personal doctor to the 
emperors Marcus Aurelius, Commodus and 
Septimus Severus, was born in Pergamun in Asia 
Minor. Galen was the intellectual heir to the 
Greek traditions of medicine, wrote profusely on 
many subjects, including philosophy, and under-
stood the relationship between anatomy and 
physiology. Unfortunately, due to the Roman 
prohibition of human dissections, Galen per-
formed his anatomical studies almost exclusively 
on animals, principally the pig and Barbary ape. 
He wrote many of his works on the various 
aspects of medicine, and by some accounts his 
literary output was in the order of as many as 
400–600 manuscripts. Some of his works were 
illustrated to complement his concepts and 
descriptions of health and disease, based on the 
Hippocratic humoral theory of disease. Sadly 
most of his manuscripts were destroyed in a fi re 
a few years before his death [ 7 ,  8 ]. The assump-
tions made by Galen in conjunction with the 
social and religious changes that occurred after 
the fall of the Western Roman Empire went 
unchallenged until the Renaissance and the 
advent of the rebirth in the study of human dis-
eases and their classifi cation. 

 It is suggested that the great Renaissance art-
ists such Raphael and Michelangelo performed 
their own dissections. However, it was Leonardo 
da Vinci (1452–1519 CE) who, in order to 
understand and improve his renditions of the 
human body, performed as many as thirty (30) 
dissections in his study of human anatomy. 
Nevertheless it is understood that da Vinci’s 
interest was primarily artistic, a means to ‘per-
fect’ the anatomical detail of his paintings and 
sculptures [ 6 ]. These innovations by Leonardo da 
Vinci, paved the way for Andreas Vesalius 
(1514–1564 CE) epic study of the human body, 
‘De Humani Corporis Fabrica Libri Septem’ 
(1543). This document is likely one of the most 
important and infl uential anatomical medical 
works ever published, because it not only 
refl ected Vesalius’ careful, direct observations 
based on his own dissections, but also on the art-
istry of the 186 illustrations that accompanied his 
descriptions. Vesalius’ observations rejected and 
in other cases confi rmed many of Galen’s 
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 observation and theories. For his investigations 
and publications, Vesalius received both condem-
nation and praise. He became court physician to 
Charles V, Holy Roman Emperor, and traveled 
throughout many parts of Europe. He died in 
1564 following a shipwreck on the Greek island 
of Zante, after returning from a pilgrimage to 
Jerusalem, and on his way to Padua where he had 
been appointed to a prestigious chair in anatomy 
[ 5 ,  7 – 10 ]. 

 The seventeenth and eighteenth centuries saw 
an increase in the interest of defi ning and illus-
trating the diverse forms of cardiac disease and 
saw anecdotal contributions from well known 
fi gures in the history of medicine such as LeCat, 
Morgagni and Hunter. The nineteenth century 
saw contributions by Farre, Gintrac, Meckel and 
Paget, as well as Fallot [ 11 ]. In 1858, Thomas 
Peacock published his book ‘On Malformations 
of the Human Heart’, where he outlined a system 
of classifi cation based on cardiac anatomy and 
embryology. This book was the outgrowth of a 

series of lectures given to students at St. Thomas 
Hospital [ 12 ]. Then, in 1875, Carl von Rokitansky 
published his ‘Defects of the Cardiac Septa’ (Die 
Defekte der Scheidewände des Herzens) [ 13 ]. As 
curator of the McGill Medical Museum and 
inspired by Sir William Osler, Maude Abbott, in 
1901, published an article in the Montreal 
Medical Journal of a congenitally malformed 
heart given to McGill University by Andrew 
Holmes, one of the founders of the McGill 
Medical School, in 1823. Abbott’s work with 
congenitally malformed hearts proved to be the 
most important aspect of her academic career 
[ 14 ]. In 1936, she published the Atlas of 
Congenital Cardiac Diseases (Fig.  7.1 ), which 
consisted of 75 pages with 25 illustrated plates, 
grouped under her system of classifi cation [ 15 ]. 
Dr. Abbott’s work can be considered the “fi rst 
systematic classifi cation of congenital cardiac 
lesions” [ 16 ]. In 1947, Helen Taussig published 
her two volume book “Congenital Malformations 
of the Heart” [ 11 ]. The last half of the twentieth 

  Fig. 7.1    This is a photograph of a draft copy of Maude 
Abbott’s Atlas that was given by Lois Hawkins of the 
Division of Paediatric Cardiology in Edmonton, Canada 

to the Osler Library at McGill University in 2008 
(Reproduced by permission of the Osler Library of the 
History of Medicine, McGill University)       
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century saw the contributions to the  understanding 
of congenital cardiac morphology by Maurice 
Lev, Jesse Edwards, Richard and Stella Van 
Praagh, Robert Anderson and Anton Becker, 
among others. At this time, systems of classifi ca-
tion were neither uniform nor universal, but Van 
Praagh and Van Praagh and coworkers, as well as 
Anderson and colleagues, proposed different sys-
tems of classifi cation and organization based on a 
segmental approach. These two systems were in 
some ways similar, but they were different 
enough that two competing systems developed 
and were used separately or in combination by 
different practitioners and institutions [ 17 ].

   In a parallel effort, the pediatric cardiac sur-
geons were also developing additional systems of 
nomenclature for use in the coding of cardiac sur-
gical diagnoses and procedures. Fortunately, by 
the fi rst decade of the twenty-fi rst century, devel-
opments within the pediatric cardiology and 
pediatric cardiac surgical community led to the 
recognition that a universal and comprehensive 
system of nomenclature was within reach. In 
2000, representatives from The Association for 
European Paediatric Cardiology (AEPC), The 
Society of Thoracic Surgeons (STS), and The 
European Association for Cardio-Thoracic 
Surgery (EACTS), as well as other societies and 
entities, agreed to establish The International 
Nomenclature Committee for Pediatric and 
Congenital Heart Disease, which later became 
The International Society for Nomenclature of 
Paediatric and Congenital Heart Disease 
(ISNPCHD). In 2001, at The First International 
Summit on Nomenclature for Pediatric and 
Congenital Heart Disease held at The Third 
World Congress of Pediatric Cardiology and 
Cardiac Surgery in Toronto, Canada, the 
Nomenclature Working Group (NWG) of The 
International Nomenclature Committee for 
Pediatric and Congenital Heart Disease was 
established. The initial goal of the NWG was to 
work in partnership and produce a reconciliatory 
bidirectional map between the predominant 
nomenclature systems for pediatric and congeni-
tal cardiac disease; this bidirectional map and 
system of nomenclature was ultimately named 
The International Pediatric and Congenital 

Cardiac Code (IPCCC) [ 16 ]. By 2005, the NWG 
had nearly completed the cross-map and pre-
sented the results at The Second International 
Summit on Nomenclature for Pediatric and 
Congenital Heart Disease held at The Fourth 
World Congress of Pediatric Cardiology and 
Cardiac Surgery in Buenos Aires, Argentina. In 
2009, an updated version of the IPCCC was pre-
sented at The Third International Summit on 
Nomenclature for Pediatric and Congenital Heart 
Disease held at The Fifth World Congress of 
Pediatric Cardiology and Cardiac Surgery in 
Cairns, Australia. In 2013, an additional updated 
version of the IPCCC was presented at The 
Fourth International Summit on Nomenclature 
for Pediatric and Congenital Heart Disease held 
at The Sixth World Congress of Pediatric 
Cardiology and Cardiac Surgery in Cape Town, 
South Africa. 

 In 2007, in a parallel development, the 
ISNPCHD created two additional Working 
Groups, so that the ISNPCHD now has the fol-
lowing three committees or working groups 
[ 18 – 25 ]:
    1.    The Nomenclature Working Group (NWG) 

was created in 2001 and is the oldest and orig-
inal working group of the ISNPCHD. The 
purpose of the NWG is to maintain, develop, 
expand, update, and preserve the IPCCC. It 
also has the ancillary responsibility to provide 
ready access to the IPCCC for the global pedi-
atric and congenital cardiology and cardiac 
surgery communities as well as related disci-
plines and interested parties and individuals. 
The IPCCC is available free of charge from 
the Internet at   http://www.ipccc.net/    .   

   2.    The Defi nitions Working Group (DWG) was 
created in 2007. The purpose of the DWG is to 
write defi nitions for the terms in the IPCCC, 
building on the previously published defi ni-
tions from the Nomenclature Working Group.   

   3.     The Archiving Working Group (AWG) was 
also created in 2007. The purpose of the 
AWG is to link images and videos of all 
types to illustrate the terms and defi nitions 
of the IPCCC. The images and videos may 
be from cardiac morphologic specimens as 
well as a variety of other sources including 
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 echocardiograms,  angio-cardiograms, com-
puterized axial tomographic images, magnetic 
resonance images, and intra-operative images 
and videos.    

      Illustration of the Terms 
of the IPCCC 

 In the effort to illustrate, with representative 
images, the terms and defi nitions of the IPCCC, 
the AWG has developed and maintains an active 
web presence known as the Archiving Working 
Group Web Portal, which may be accessed at 
  http://www.ipccc-awg.net/    . The remainder of this 
chapter will review the organization of the AWG 
Web Portal and the lessons that have been learned 
in the process of promoting and illustrating the 
lists of terms and defi nitions that compose the 
IPCCC.
    1.     AWG Organization: 

    1.1.     AWG Workfl ow : The workfl ow structure 
follows a peer-reviewed process. The 
identifi cation of images, with accompa-
nying textual explanations, may be solic-
ited or unsolicited. The members of the 
AWG project (Table  7.1 ), and in particu-
lar the Senior Archivist, share in the 
responsibility of identifying the images 
that illustrate the codes and defi nitions of 
the IPCCC. The Senior Archivist and the 
three Co-Chairpersons of the AWG work 
closely during the initial review and 
assignment of the codes and defi nitions 
to the images identifi ed and submitted. 
After the process is completed, a web 
page is created or modifi ed, and the 
images, codes, defi nitions, and explana-
tory text are posted to the internet pres-
ence of the AWG called the AWG Web 
Portal. The initial publication of the 
images to the AWG Web Portal is posted 
with the label: “Pending’ certifi cation”.

       1.2.     Review Process : On a periodic basis, typ-
ically every other month, the members of 
the AWG review the posted images, 
codes, and text for accuracy, quality, and 
suitability. The typical review process is 
carried out trans- telephonically using an 

international call center and a specially 
created; internet based, closed ‘wiki’ 
[ 26 ]. The participants of the conference 
are able to view the images and posted 
comments on their computers while dis-
cussing the images and terms by tele-
phone. The suggestions are incorporated 
into the ‘wiki’ concurrently in real time 

   Table 7.1    Members of the Archiving Working Group   

  Co-chairpersons  
  Vera D. Aiello (Cardiac Pathologist, Brazil) 
   Robert H. Anderson (Cardiac Morphologist, UK 

and USA) 
  Jorge M. Giroud (Pediatric Cardiologist, USA) 
  ISNPCHD executive committee  
   Rodney C. G. Franklin (Pediatric Cardiologist, UK) 

(President, NWG Co-Chair) 
   Jeffrey P. Jacobs (CV Surgeon, USA) (Vice President, 

NWG Co-Chair) 
   Christo I. Tchervenkov (CV Surgeon, Canada) 

(Past President) 
   Marie J. Béland (Pediatric Cardiologist, Canada) 

(NWG Co-Chair) 
   Steven D. Colan (Pediatric Cardiologist, USA) 

(DWG Co-Chair) 
   Henry Walters III (CV Surgeon, USA) (DWG 

Co-Chair) 
  Editorial members  
  Carl Backer (CV Surgeon, USA) 
  Frederique Bailliard (Pediatric Cardiologist, USA) 
  Meryl Cohen (Pediatric Cardiologist, USA) 
  Andrew Cook (Cardiac Morphologist, UK) 
  Allen D. Everett (Pediatric Cardiologist, USA) 
  J. William Gaynor (CV Surgeon, USA) 
  Lucile Houyel (Pediatric Cardiologist, France) 
  Marina Hughes (Pediatric Cardiologist/MRI, UK) 
  Marshall L. Jacobs (CV Surgeon, USA) 
  Amy Juraszek (Pediatric Cardiologist, USA) 
   Otto N. Krogmann (Pediatric Cardiologist, 

Germany) 
  Hiromi Kurosawa (CV Surgeon, Japan) 
  Leo Lopez (Pediatric Cardiologist, USA) 
  James St. Louis (CV Surgeon, USA) 
  Bohdan Maruszewski (CV Surgeon, Poland) 
  Charles Shepard (Pediatric Cardiologist, USA) 
  Giovanni Stellin (CV Surgeon, Italy) 
   Paul M. Weinberg (Pediatric Cardiologist/

Morphologist, USA) 
  Senior Archivist  
  Diane Spicer (Cardiac Morphologist, USA) 
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and immediately updated. This process 
ensures a timely and simultaneous review 
of the images linked to the corresponding 
terms and defi nitions of the IPCCC. After 
the evaluation of the posted image is 
completed, the images with the accompa-
nying web page are offi cially certifi ed 
and rated on a scale of 1–4 hearts, with 
four hearts being a superb example of the 
phenotype encoded by the IPCCC term. 
The web page is updated with the modifi -
cations, date of certifi cation, and rating, 
in order to refl ect the date of fi nal 
approval.   

   1.3.     AWG Web Portal Navigation : The IPCCC 
is organized in a hierarchal structure and 
is composed of Long Lists of  nomenclature 

containing thousands of terms that are 
mapped to Short Lists of nomenclature 
that contain hundreds of terms. The navi-
gation of the web site is based on the use 
of the IPCCC Short Lists. To navigate the 
web site, the user selects from drop-down 
menus to reach the areas of interest 
(Fig.  7.2 ). The user clicks on the image 
and code of interest to access the web 
page, where the codes, images, and 
explanatory texts are displayed (Figs.  7.3  
and  7.4 ). The images and videos refl ect a 
variety of modalities, including still 
images and videos of from cardiac mor-
phologic specimens, echocardiograms, 
angio-cardiograms,  computerized axial 
tomographic images, magnetic resonance 

  Fig. 7.2    Home (Landing) Page of the AWG Web Portal 
(  http://ipccc-awg.net    ). This fi gure illustrates the homep-
age and gives a brief overview of the AWG Web Portal. 
Please note the Navigation Bar that gives the user the 
capacity to review and image or video, submit an image or 

video, or view other features of the AWG Web Portal such 
as our sponsors and membership of the AWG. This home 
page is linked to the website of The International Society 
for Nomenclature of Paediatric and Congenital Heart 
Disease (ISNPCHD):   http://www.ipccc.net/           
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images, and intra- operative images and 
videos. These still images and videos are 
stored and displayed using Web enabled 
standard  formats such as JPEG (Joint 
Photographic Expert Group) for still 
images and Flash animation (Adobe 
Systems, San Jose, California, USA) for 
video clips.

         1.4.     Copyright Protection : An important fea-
ture of the AWG Web Portal is that the 
contributing author retains all copyrights 
to the images and has given permission 
for the portal visitor to view the images 
and to use them for not-for-profi t, 
instructional, or educational purposes 
only. If the AWG Web Portal visitor 
wishes to use the images displayed for 
publications or for-profi t-use, the visitor 

is free to contact the contributor of the 
image, who is identifi ed and credited in 
each of the web pages posted, to obtain 
the necessary permissions.    

      2.     Lessons Learned :
    2.1.     Senior Archivist : In spite of best inten-

tions, unsolicited images with descrip-
tions have been a minor portion of the 
images published in this ‘virtual web- 
based encyclopedia’ to date. This repre-
sents the most important lesson learned 
so far: the professional identifi cation, 
photography and labeling of cardiac 
images is an ‘absolute’ necessity for a 
project of illustration of terms of classifi -
cations to be successful. Although not 
glamorous by current standards, cardiac 
morphologic specimens remain the 

  Fig. 7.3    This is an example of the fi rst portion of a fi nished page with images, codes, and, when available, defi nitions 
and comments. The images for this page are shown in Fig.  7.4        
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 cornerstone for the illustration of the defi -
nitions and terms of the IPCCC. In spite 
of increasing technological wonders, 
such as three dimensional reconstructions 
by magnetic resonance imaging (MRI) or 
echocardiography, a well photographed 
and labeled cardiac morphologic speci-
men continues to be an essential compo-
nent of any ‘encyclopedia’ that wishes to 
illustrate terms and defi nitions of cardiac 
malformations. In a project such as the 
AWG Web Portal, it is of paramount 
importance to have a well educated and 
experienced Senior Archivist that is 
versed in the current embryologic and 
morphologic debates as well as the 

 essential techniques of dissection and 
photography, and this experience is 
refl ected in the quality of morphologic 
illustrations used in the AWG Web Portal.   

   2.2.     Webmaster : It has been our experience 
that a technologically experienced mem-
ber or ‘Webmaster’ must be identifi ed 
and given the support necessary to create 
and maintain the process. This is a cru-
cial component of any project that seeks 
to popularize the linkage of illustrations 
with terms using the Internet as the pub-
lishing medium. Technological familiar-
ity is important but most be complemented 
with knowledge of congenital cardiac 
disease. This collaboration of this 

  Fig. 7.4    This fi gure illustrates the images associated with 
the terms and defi nitions of the IPCCC shown in Fig.  7.2 . 
Any of the images displayed, if selected, link to the full-
resolution version. This allows for review of the image in 
greater detail or downloads for not-for-profi t use. Please 

note the ‘Certifi cation’ and ‘AWG Rating’ status listed for 
each image. The date of certifi cation or review is added to 
the bottom of the page as well. This is done after the 
review process is completed by the AWG Editorial Board       
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Webmaster and the Senior Archivist is 
the key that helps in the creation of a web 
based, technological platform that 
refl ects the current understanding of the 
meanings inherent in the terms and the 
illustration of the accompanying images.   

   2.3.     Membership : Another crucial aspect in 
the organizational structure of a project 
that seeks to link images with list of terms 
is that the best available images that rep-
resent the phenotypes must not only be 
identifi ed but also reviewed by a group of 
knowledgeable practitioners that are rec-
ognized within the fi eld. The responsibil-
ity of the members is to insure that the 
images collected and linked are indeed 
the best examples of the terms and defi ni-
tions listed in the posted pages. The inter-
national nature of such a project demands 
that the certifying members represent the 
global perspective of the modern stan-
dard of pediatric cardiac classifi cation. 
Additionally, as in daily clinical practice, 
areas of particular expertise must be rec-
ognized and utilized in the process of 
identifi cation, review, and certifi cation. 
For example, with over 9,000 diagnostic 
terms in the EACTS-STS version of the 
IPCCC, and a similar number in the 
AEPC version of the IPCCC, it is impera-
tive that an ‘expert’ for each of the coding 
systems be available for each review and 
certifi cation session. In a similar vein, it 
is required that a cardiac morphologist 
participate in each review and certifi ca-
tion session. We fi nd that this participa-
tion signifi cantly improves the accuracy 
and utility of each posted image and page. 
Additionally, at least one cardiac surgeon 
must participate in each session to com-
plement the expertise of the morpholo-
gists and coding ‘experts’. Finally, if the 
image that is being reviewed is that of a 
complex three dimensional reconstruc-
tion either by echocardiography or MRI, 
the participation of a member of the AWG 
that is familiar with these  techniques is 
also required.   

   2.4.     Funding : A project that seeks to illustrate 
terms with images using technology 
must be adequately funded in order to 
maintain its web presence. The domain 
name must be registered and maintained. 
The images and web pages must be 
hosted with enough capacity to both sup-
port traffi c as well storage of images and 
text. The Senior Archivist must be 
funded in order to identify and photo-
graph available morphologic specimens 
and help with the linkage of the diverse 
images identifi ed and described. The 
telephony costs for the review and 
 certifi cation sessions must also be incor-
porated into the budget. The approach 
followed by the AWG for the AWG Web 
Portal is to allow full access with no cost 
incurred by the user or viewer. To date 
the AWG has been successful in identify-
ing and obtaining funding for the project 
by grants and donations, in particular 
from The Children’s Heart Foundation: 
  http://www.childrensheartfoundation.
org/    . A research grant from The 
Children’s Heart Foundation (Table  7.2 ) 
was critical to the development of the 
AWG Web Portal.

               Summary 

 The effort to develop a web based platform to illus-
trate, with representative images and videos, the 
terms and defi nitions of The International Pediatric 
and Congenital Cardiac Code has been success-
fully implemented by the members of the Archiving 
Working Group (AWG) of The International 
Society for Nomenclature of Paediatric and 
Congenital Heart Disease (ISNPCHD). The AWG 
maintains an active web presence known as the 
Archiving Working Group Web Portal. This ‘vir-
tual encyclopedia’ combines the tools of classifi ca-
tion incorporated into the lists of terms of the 
IPCCC, with the ancient tradition of using illustra-
tions to help in the understanding of diseases of the 
heart. The goal of this chapter, ‘Illustrating Terms 
in Lists of Nomenclature’, guided by the modern 
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understanding of the various forms of cardiac dis-
ease that affect neonates, infants, children and 
increasingly the young adult, has been effectively 
implemented by the Archiving Working Group of 
the International Society for Nomenclature of 
Paediatric and Congenital Heart Disease. Please 
visit us at   http://www.ipccc-awg.net/    .     
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    Abstract  

  This chapter discusses the historical aspects, current state of the art, and 
potential future advances in the areas of nomenclature and databases for 
the analysis of surgical outcomes of treatments for patients with congeni-
tally malformed hearts. We will consider the current state of analysis of 
outcomes, lay out some principles which might make it possible to achieve 
life-long monitoring and follow-up using our databases, and describe the 
next steps those involved in the care of these patients need to take in order 
to achieve these objectives. 

 In order to perform meaningful multi- institutional analyses of out-
comes, any database must incorporate the following seven essential ele-
ments: (1) Use of a common language and nomenclature, (2) Use of a 
database with an established uniform core dataset for collection of infor-
mation, (3) Incorporation of a mechanism of evaluating case complexity, 
(4) Availability of a mechanism to assure and verify the completeness and 
accuracy of the data collected, (5) Collaboration between medical and sur-
gical subspecialties, (6) Standardization of protocols for life-long follow-
 up (7) Incorporation of strategies for quality assessment and quality 
improvement. 

 During the 1990s, both The European Association for Cardio-Thoracic 
Surgery and The Society of Thoracic Surgeons created databases to assess 
the outcomes of congenital cardiac surgery. Beginning in 1998, these two 
organizations collaborated to create the International Congenital Heart 
Surgery Nomenclature and Database Project. By 2000, a common 
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 nomenclature, along with a common core minimal dataset, were adopted 
by The European Association for Cardio- Thoracic Surgery and The 
Society of Thoracic Surgeons, and published in the  Annals of Thoracic 
Surgery . In 2000, The International Nomenclature Committee for Pediatric 
and Congenital Heart Disease was established. This committee eventually 
evolved into the International Society for Nomenclature of Paediatric and 
Congenital Heart Disease. The original working component of this inter-
national nomenclature society was The International Working Group for 
Mapping and Coding of Nomenclatures for Pediatric and Congenital Heart 
Disease, also known as the Nomenclature Working Group. By 2005, the 
Nomenclature Working Group crossmapped the nomenclature of the 
International Congenital Heart Surgery Nomenclature and Database 
Project of The European Association for Cardio-Thoracic Surgery and 
The Society of Thoracic Surgeons with the European Paediatric Cardiac 
Code of the Association for European Paediatric Cardiology, and therefore 
created the International Pediatric and Congenital Cardiac Code (IPCCC), 
which is available for free download from the internet at [  http://www.
IPCCC.NET    ]. This common nomenclature, the International Pediatric and 
Congenital Cardiac Code, and the common minimum database data set 
created by the International Congenital Heart Surgery Nomenclature and 
Database Project, are now utilized by both The European Association for 
Cardio-Thoracic Surgery (EACTS), The Society of Thoracic Surgeons 
(STS), and The Japan Congenital Cardiovascular Surgery Database 
(JCCVSD). As of January 1, 2014, the STS Congenital Heart Surgery 
Database contains data from 292,828 operations, the EACTS Congenital 
Heart Surgery Database contains data from over 157,772 operations, and 
the JCCVSD contains data from over 29,000 operations. Therefore, the 
combined dataset of the STS Congenital Heart Surgery Database, the 
EACTS Congenital Heart Surgery Database, and the JCCVSD contains 
data from over 479,000 operations performed between 1998 and January 
1, 2014 inclusive, all coded with the EACTS-STS derived version of the 
IPCCC, and all coded with identical data specifi cations. 

 Three major multi-institutional efforts have attempted to measure the 
complexity of congenital cardiac surgical operations:  R isk  A djustment in 
 C ongenital  H eart  S urgery-1 methodology (RACHS-1 method),  A ristotle 
 B asic  C omplexity Score (ABC Score), and  ST S-E A C T S Congenital 
Heart Surgery Mortality Categories (STS-EACTS Mortality Categories) 
(STAT Mortality Categories). RACHS-1 and the ABC Score were devel-
oped at a time when limited multi-institutional clinical data were available 
and were therefore based in a large part on subjective probability (expert 
opinion). The STAT Mortality Categories are a tool for complexity strati-
fi cation that was developed from an analysis of 77,294 operations entered 
into the EACTS Congenital Heart Surgery Database (33,360 operations) 
and the STS Congenital Heart Surgery Database (43,934 patients) between 
2002 and 2007. Procedure-specifi c mortality rate estimates were calcu-
lated using a Bayesian model that adjusted for small denominators. 
Operations were sorted by increasing risk and grouped into fi ve categories 
(the STS–EACTS Congenital Heart Surgery Mortality Categories) that 
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were designed to be optimal with respect to minimizing within-category 
variation and maximizing between-category variation. STS and EACTS 
have transitioned from the primary use of Aristotle and RACHS-1 to the 
primary use of the STAT Mortality Categories. 

 Collaborative efforts involving The European Association for Cardio-
Thoracic Surgery and The Society of Thoracic Surgeons are under way to 
develop mechanisms to verify the completeness and accuracy of the data 
in the databases. Under the leadership of The MultiSocietal Database 
Committee for Pediatric and Congenital Heart Disease, further collabora-
tive efforts are ongoing between congenital and pediatric cardiac surgeons 
and other subspecialties, including pediatric cardiac anesthesiologists, via 
The Congenital Cardiac Anesthesia Society, pediatric cardiac intensivists, 
via The Pediatric Cardiac Intensive Care Society, and pediatric cardiolo-
gists, via the Joint Council on Congenital Heart Disease and The 
Association for European Paediatric Cardiology. Analysis of outcomes 
must move beyond mortality, and encompass longer term follow-up, 
including cardiac and noncardiac morbidities, and importantly, those mor-
bidities impacting health related quality of life. Methodologies must be 
implemented in these databases to allow uniform, protocol driven, and 
meaningful, long term follow-up and quality improvement.  

  Keywords  

  Database   •   Outcomes   •   Quality   •   Pediatric  cardiac surgery   •   Congenital 
cardiac surgery  

       Introduction 

 Although signifi cant progress has been made in the 
care of patients with pediatric and congenital car-
diac disease, complications and death still occur. 
As a result, optimization of outcomes remains a 
constant goal. Substantial efforts has been devoted 
to advancing the science of assessing the outcomes 
and improving the quality of care associated with 
the treatment of patients with pediatric and con-
genital cardiac disease [ 1 – 227 ]. The importance of 
these efforts is supported by the fact that congenital 
heart defects are the most common birth anoma-
lies, with moderate to severe variants occurring in 
approximately 6 per 1,000 live births [ 228 ]. 

 In order to perform meaningful multi- 
institutional outcomes analyses and quality 
improvement, any database must incorporate the 
following seven essential elements:
    1.     Use of a common language and nomencla-

ture  [ 1 – 52 ,  54 ,  55 ,  62 – 64 ,  66 – 71 ,  75 ,  77 ,  79 , 

 81 ,  82 ,  87 ,  88 ,  93 ,  94 ,  96 ,  100 ,  103 ,  104 ,  
110 – 112 ,  114 – 116 ,  128 – 140 ,  148 ,  152 ,  155 , 
 162 ,  167 – 169 ,  171 ,  172 ,  178 ,  179 ,  188 ,  191 , 
 200 – 202 ,  209 ,  210 ,  213 ,  216 ,  218 ,  221 ]   

   2.     Use of a database with an established  uniform 
core dataset for collection of  information  [ 1 –
 23 ,  55 ,  58 – 60 ,  63 ,  64 ,  71 ,  77 ,  79 – 82 ,  87 ,  88 ,  90 , 
 93 ,  95 ,  98 ,  100 ,  104 – 106 ,  110 – 113 ,  115 ,  117 –
 123 ,  145 ,  146 ,  148 ,  152 – 155 ,  161 ,  163 ,  164 , 
 171 ,  172 ,  174 ,  178 ,  179 ,  185 ,  188 ,  189 ,  204 , 
 207 ,  210 ,  212 ,  214 ,  216 ,  220 – 227 ]   

   3.     Incorporation of a mechanism of evaluat-
ing case complexity  [ 56 ,  57 ,  61 ,  65 ,  72 – 74 , 
 76 – 79 ,  81 – 84 ,  88 – 91 ,  97 – 102 ,  104 ,  106 ,  107 , 
 110 – 112 ,  124 ,  125 ,  141 ,  142 ,  147 – 150 ,  152 , 
 178 ,  179 ,  188 ,  204 ,  215 – 217 ,  221 ]   

   4.     Availability of a mechanism to assure and 
verify the completeness and accuracy of the 
data collected  [ 77 ,  81 ,  85 ,  86 ,  88 ,  100 ,  104 , 
 110 – 112 ,  126 ,  148 ,  152 ,  178 ,  179 ,  188 ,  216 , 
 221 ]   
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   5.     Collaboration between medical and  surgical 
subspecialties  [ 81 ,  100 ,  104 ,  110 – 140 ,  148 , 
 152 ,  178 ,  179 ,  188 ,  216 ,  221 ]   

   6.     Standardization of protocols for life - long 
follow - up  [ 104 ,  109 – 112 ,  127 ,  145 ,  146 ,  152 , 
 164 ,  173 ,  178 ,  179 ,  184 ,  188 ,  189 ,  214 ,  216 , 
 221 ]   

   7.     Incorporation of strategies for quality 
assessment and quality improvement  [ 108 , 
 110 ,  115 ,  143 – 148 ,  151 ,  152 ,  154 ,  156 – 160 , 
 165 – 167 ,  170 ,  175 – 183 ,  186 – 188 ,  190 ,  192 –
 199 ,  203 ,  205 ,  206 ,  208 ,  210 ,  211 ,  216 ,  219 , 
 221 ,  222 ]     
 The foundation of these seven elements is the 

use of a common language and nomenclature. 
The remaining six elements are all dependent on 
this nomenclature; and therefore, quality improve-
ment in the domain of congenital cardiac disease 
depends on a solid understanding of cardiac mor-
phology and nomenclature. 

 Events at Bristol, England [ 229 ], Denver, 
Colorado, United States of America [ 230 – 236 ], 
Winnipeg, Canada [ 237 ], Mid Staffordshire, 
England [ 238 ] and Lexington, Kentucky, 
United States of America [ 239 ] have clearly 
demonstrated the importance of clinically 
driven analysis of outcomes. For example, the 
Bristol Report presents the results of the inquiry 
into the management of the care of children 
receiving complex cardiac surgical services at 
the Bristol Royal Infi rmary between 1984 and 
1995 and relevant related issues. Approximately 
200 recommendations are made, many of which 
relate to the need for accurate multi-institu-
tional outcomes databases to quantitate out-
comes of care rendered to patients with 
congenital cardiac disease. Perhaps less well-
known than the Bristol Report, the Report of 
the Manitoba Pediatric Cardiac Surgery Inquest 
presents data from an inquest involving 12 chil-
dren who died while undergoing, or soon after 
having undergone, cardiac surgery at the 
Winnipeg Health Sciences Centre in 1994. 
Clearly, these events demonstrate the impor-
tance of a meaningful and fair method of multi- 
institutional analysis of outcomes for congenital 
cardiac surgery.  

   Nomenclature 

 Substantial effort has been devoted to the 
 standardization of nomenclature and defi nitions 
related to surgery for pediatric and congenital car-
diac disease. During the 1990s, both The European 
Association for Cardio-Thoracic Surgery (EACTS) 
and The Society of Thoracic Surgeons (STS) cre-
ated databases to assess the outcomes of congenital 
cardiac surgery. Beginning in 1998, these two orga-
nizations collaborated to create the International 
Congenital Heart Surgery Nomenclature and 
Database Project. By 2000, a common nomen-
clature and a common core minimal dataset were 
adopted by EACTS and STS and published in 
the  Annals of Thoracic Surgery  [ 21 ]. In 2000, 
The International Nomenclature Committee 
for Pediatric and Congenital Heart Disease was 
 established. This committee eventually evolved 
into the International Society for Nomenclature 
of Paediatric and Congenital Heart Disease 
(ISNPCHD). By 2005, members of the ISNPCHD 
crossmapped the nomenclature of the International 
Congenital Heart Surgery Nomenclature and 
Database Project of the EACTS and STS with the 
European Paediatric Cardiac Code (EPCC) of the 
Association for European Paediatric Cardiology 
(AEPC), and therefore created the International 
Pediatric and Congenital Cardiac Code (IPCCC) 
[ 114 ], which is available for free download from 
the internet at [  http://www.IPCCC.NET    ]. 

 Most international databases of patients with 
pediatric and congenital cardiac disease use the 
IPCCC as their foundation. Two versions of the 
IPCCC are used in the overwhelming majority of 
multi-institutional databases throughout the world:
    1.    The version of the IPCCC derived from the 

nomenclature of the International Congenital 
Heart Surgery Nomenclature and Database 
Project of the EACTS and the STS   

   2.    The version of the IPCCC derived from the 
nomenclature of the EPCC of the AEPC     
 These two versions of the IPCCC are also 

often referred to with the following abbreviated 
short names:
    1.    EACTS-STS derived version of the IPCCC   
   2.    AEPC derived version of the IPCCC     
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 The STS Congenital Heart Surgery Database, 
the EACTS Congenital Heart Surgery Database, 
and The Japan Congenital Cardiovascular 
Surgery Database (JCCVSD) all use the EACTS- 
STS derived version of the IPCCC. 

 The ISNPCHD has published review articles 
which provide a unifi ed and comprehensive clas-
sifi cation, with defi nitions, for several complex 
congenital cardiac malformations: the function-
ally univentricular heart [ 92 ], hypoplastic left 
heart syndrome [ 94 ], discordant atrioventricular 
connections [ 96 ] and cardiac structures in the set-
ting of heterotaxy [ 103 ]. These review articles 
include defi nitions and a complete listing of the 
relevant codes and terms in both versions of the 
IPCCC. 

 In collaboration with the World Health 
Organization (WHO), the ISNPCHD is develop-
ing the pediatric and congenital cardiac nomen-
clature that will be used in the eleventh version 
of the International Classifi cation of Diseases 
(ICD- 11). With a grant funded by The Children’s 
Heart Foundation [  http://www.childrensheart-
foundation.org/    ], the ISNPCHD has also linked 
images and videos to the IPCCC. These images 
and videos are acquired from cardiac morpho-
logic specimens and imaging modalities such 
as echocardiography, angiography, computer-
ized axial tomography, and magnetic resonance 
imaging, as well as intraoperative images and 
videos [ 162 ,  191 ,  200 – 202 ,  209 ,  213 ,  218 ]. 
These images and videos are available for free 
download from the internet at [  http://www.
IPCCC- awg.NET    ]. The IPCCC itself is available 
for free download from the internet at [  http://
www.IPCCC.NET    ]. 

 The EACTS-STS derived version of the 
IPCCC [ 110 ,  112 ,  114 ], and the common mini-
mum database data set created by the International 
Congenital Heart Surgery Nomenclature and 
Database Project [ 208 ], are now utilized by the 
STS Congenital Heart Surgery Database, the 
EACTS Congenital Heart Surgery Database, and 
the JCCVSD. Between 1998 and January 1, 2014 
inclusive, this nomenclature and database was 
used by STS, EACTS, and JCCVSD to analyze 
outcomes of 479,000 operations. 

 Several studies have examined the relative 
utility of clinical and administrative nomen-
clature for the evaluation of quality of care for 
patients undergoing treatment for pediatric and 
congenital cardiac disease. Evidence from four 
recent investigations suggests that the validity 
of coding of lesions seen in the congenitally 
malformed heart via 9th ICD Revision of the 
International Classifi cation of Diseases (ICD-
9) as used currently in administrative databases 
in the United States of America is poor [ 116 , 
 210 ,  240 ,  241 ]. First, in a series of 373 infants 
with congenital cardiac defects at Children’s 
Hospital of Wisconsin, investigators reported 
that only 52 % of the cardiac diagnoses in the 
medical records had a corresponding code from 
the ICD-9 in the hospital discharge database 
[ 240 ]. Second, the Hennepin County Medical 
Center discharge database in Minnesota iden-
tifi ed all infants born during 2001 with a code 
for congenital cardiac disease using ICD-9. A 
review of these 66 medical records by physi-
cians was able to confi rm only 41 % of the codes 
contained in the administrative database from 
ICD-9 [ 241 ]. Third, the Metropolitan Atlanta 
Congenital Defect Program of the Birth Defect 
Branch of the Centers for Disease Control and 
Prevention of the United States government 
carried out surveillance of infants and fetuses 
with cardiac defects delivered to mothers resid-
ing in Atlanta during the years 1988 through 
2003 [ 116 ]. These records were reviewed and 
classifi ed using both administrative coding and 
the clinical nomenclature used in the Society of 
Thoracic Surgeons Congenital Heart Surgery 
Database. This study concluded that analy-
ses based on the codes available in ICD-9 are 
likely to “have substantial misclassifi cation” 
of congenital cardiac disease. Fourth, a study 
was performed using linked patient data (2004–
2010) from the Society of Thoracic Surgeons 
Congenital Heart Surgery (STS-CHS) Database 
(clinical registry) and the Pediatric Health 
Information Systems (PHIS) database (admin-
istrative database) from hospitals  participating 
in both in order to evaluate  differential coding/
classifi cation of operations between datasets 
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and subsequent impact on outcomes assess-
ment [ 210 ]. The cohort included 59,820 patients 
from 33 centers. There was a greater than 10 % 
difference in the number of cases identifi ed 
between data sources for half of the bench-
mark operations. The negative predictive value 
(NPV) of the administrative (versus clinical) 
data was high (98.8–99.9 %); the positive pre-
dictive value (PPV) was lower (56.7–88.0 %). 
These differences translated into signifi cant 
differences in outcomes assessment, ranging 
from an underestimation of mortality associ-
ated with truncus arteriosus repair by 25.7 % in 
the administrative versus clinical data (7.01 % 
versus 9.43 %; p = 0.001) to an overestimation 
of mortality associated with ventricular septal 
defect (VSD) repair by 31.0 % (0.78 % versus 
0.60 %; p = 0.1). This study demonstrates dif-
ferences in case ascertainment between admin-
istrative and clinical registry data for children 
undergoing cardiac operations, which trans-
lated into important differences in outcomes 
assessment. 

 Several potential reasons can explain the poor 
diagnostic accuracy of administrative databases 
and codes from ICD-9:
•    Accidental miscoding  
•   Coding performed by medical records clerks 

who have never seen the actual patient  
•   Contradictory or poorly described information 

in the medical record  
•   Lack of diagnostic specifi city for congenital 

cardiac disease in the codes of ICD-9  
•   Inadequately trained medical coders.    

 Although one might anticipate some improve-
ment in diagnostic specifi city with the planned 
adoption of ICD-10 by the United States, it is 
likely to still be far short from that currently 
achieved with clinical registries. (ICD-9 has only 
29 congenital cardiac codes and ICD-10 has 73 
possible congenital cardiac terms.) It will not 
be until there is implementation of the pediatric 
and congenital cardiac components of ICD-11 
that harmonization of clinical and administrative 
nomenclature will be achieved with the resolu-
tion, therefore, of many of these challenging 
issues.  

   Database 

 The STS Congenital Heart Surgery Database is 
the largest database in North America dealing 
with congenital cardiac malformations [ 117 , 
 152 ]. It has grown annually since its inception, 
both in terms of the number of participating cen-
ters submitting data, and the number of opera-
tions analyzed (Figs.  8.1 ,  8.2  and  8.3 ). As of 
January 1, 2014, the STS Congenital Heart 
Surgery Database currently has 111 Participating 
Centers representing 120 hospitals performing 
pediatric and congenital cardiac surgery in North 
America: 117 out of an estimated 125 centers 
from the United States of America that perform 
pediatric and congenital heart surgery and 3 out 
of centers 8 from Canada that perform pediatric 
and congenital heart surgery [ 95 ,  174 ]. (The 
Report of the 2005 STS Congenital Heart Surgery 
Practice and Manpower Survey, undertaken by 
the STS Workforce on Congenital Heart Surgery, 
documented that 122 centers in the United States 
of America perform pediatric and congenital 
heart surgery and 8 centers in Canada perform 
pediatric and congenital heart surgery [ 95 ]. The 
Report of the 2010 STS Congenital Heart Surgery 
Practice and Manpower Survey, undertaken by 
the STS Workforce on Congenital Heart Surgery, 
documented that 125 centers in the United States 
of America perform pediatric and congenital 
heart surgery and 8 centers in Canada perform 
pediatric and congenital heart surgery [ 174 ].)

     The STS Congenital Heart Surgery Database 
therefore contains data from an estimated 93.6 % 
of hospitals (117 out of 125) performing pediat-
ric cardiac surgery in the United States. With 
penetrance of over 90 %, the data in the STS 
Congenital Heart Surgery Database is representa-
tive of pediatric and congenital heart surgery in 
the United States of America. As of January 1, 
2014, the number of cumulative total operations 
in the STS Congenital Heart Surgery Database is 
292,828 [ 19 ]. The aggregate Participant Feedback 
Report from the Fall 2013 Harvest of the STS 
Congenital Heart Surgery Database includes 
136,617 operations performed in the 4 year ana-
lytic window of July 1, 2009 to June 30, 2013, 
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  Fig. 8.1    The graph documents the annual growth of the STS 
Congenital Heart Surgery Database by number of participat-
ing centers submitting data. The aggregate report from the 
Fall 2013 Harvest of the STS Congenital Heart Surgery 

Database [ 19 ] includes data from 111 North American 
Congenital Database Participants representing 120 
Congenital Heart Surgery hospitals in the North America, 
117 in the United States of America and 3 in Canada       
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  Fig. 8.2    The graph documents the annual growth of the STS 
Congenital Heart Surgery Database by the number of opera-
tions per averaged 4 year data collection cycle. The aggregate 
report from the Fall 2013 Harvest of the STS Congenital 

Heart Surgery Database [ 19 ] includes 136,617 operations per-
formed in the 4 year period of July 1, 2009–June 30, 2013, 
inclusive, submitted from 120 hospitals in North America, 
117 in the United States of America and 3 in Canada       
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inclusive, submitted from 120 hospitals in North 
America, 117 in the United States of America 
and 3 in Canada. In collaboration with EACTS, 
the STS has developed standardized methodol-
ogy for tracking mortality and morbidity associ-
ated with the treatment of patients with congenital 
and pediatric cardiac disease [ 93 ,  105 ]. 

 The EACTS Congenital Heart Surgery 
Database is the largest database in Europe 
dealing with congenital cardiac malforma-
tions (Fig.  8.4 ) [ 112 ,  117 ]. As of May 2013, the 
EACTS Congenital Heart Surgery Database con-
tained 157,772 operations performed in 130,534 

patients. As of May, 2013, the EACTS Congenital 
Heart Surgery Database had 348 Centers from 
76 countries registered, with 173 active Centers 
from 46 countries submitting data.

   The JCCVSD has recently been operational-
ized based on identical nomenclature and data-
base standards as that used by EACTS and STS 
[ 117 ]. The JCCVSD began enrolling patients in 
2008. By December 2011, over 100 hospitals 
were submitting data, and by April 2013, over 
29,000 operations were entered into the JCCVSD, 
in just under 5 years of data collection (Fig.  8.5 ). 
In Japan, it is mandatory for specialists to enroll in 

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
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Operations 4237 9747 16537 26404 39988 58181 79399 98406 119266 148110 179697 213416 257932 292828
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  Fig. 8.3    The graph documents the annual growth of the 
STS Congenital Heart Surgery Database by the cumulative 
number of operations over time. As of January 1, 2014, the 
number of cumulative total operations in the STS Congenital 
Heart Surgery Database is 292,828. The aggregate report 

from the Fall 2013 Harvest of the STS Congenital Heart 
Surgery Database [ 19 ] includes 136,617 operations per-
formed in the 4 year period of July 1, 2009–June 30, 2013, 
inclusive, submitted from 120 hospitals in North America, 
117 in the United States of America and 3 in Canada       

  Fig. 8.5    The graph documents the initial growth of The 
Japan Congenital Cardiovascular Surgery Database 
(JCCVSD). The JCCVSD has recently been operational-
ized based on identical nomenclature and database stan-
dards as that used by EACTS and STS. The JCCVSD 
began enrolling patients in 2008. By December 2011, over 
100 hospitals were submitting data, and by April 2013, 

over 29,000 operations were entered into the JCCVSD, in 
just under fi ve years of data collection. The developers of 
the JCCVSD hope to collaborate with their colleagues 
across Asia to create an Asian Congenital Heart Surgery 
Database (This graph is provided courtesy of Arata 
Murakami, MD of The University of Tokyo in Tokyo, 
Japan)       
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  Fig. 8.4    The graph documents the annual growth in The 
European Association for Cardio-Thoracic Surgery 
Congenital Database by both number of patients and num-
ber of operations. As of May 2013, the EACTS Congenital 
Heart Surgery Database contained 157,772 operations per-
formed in 130,534 patients. As of May, 2013, the EACTS 
Congenital Heart Surgery Database had 348 Centers from 

76 countries registered, with 173 active Centers from 46 
countries submitting data (This graph is provided courtesy 
of Bohdan Maruszewski of the Children’s Memorial 
Health Institute in Warsaw, Poland, Director of The 
European Association for Cardio- Thoracic Surgery 
Congenital Database, and President of The European 
Congenital Heart Surgeons Association (ECHSA))       
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this benchmarking project in order to objectively 
examine their own performance and make efforts 
for continuous improvement. In the future, certifi -
cation in Japan is to be performed solely on the 
basis of empirical data registered by the project. 
The developers of the JCCVSD hope to collabo-
rate with their colleagues across Asia to create an 
Asian Congenital Heart Surgery Database.

   In the United Kingdom, the United Kingdom 
Central Cardiac Audit Database (UKCCAD) 
uses the AEPC derived version of the IPCCC 
as the basis for its national, comprehensive, 
validated, and benchmark-driven audit of all 
pediatric surgical and transcatheter procedures 
undertaken since 2000 [ 152 ]. All 13 tertiary 
 centers in the United Kingdom performing 
 cardiac surgery or therapeutic cardiac cath-
eterization in children with congenital cardiac 
disease submit data to the UKCCAD. Data 
about mortality is obtained from both results 
volunteered from the hospital databases, and 
by independently validated records of deaths 
obtained by the Offi ce for National Statistics, 
using the patient’s unique National Health 
Service number, or the general register offi ces 
of Scotland and Northern Ireland. Efforts are 
underway to link the UKCCAD to The EACTS 
Congenital Heart Surgery Database. Linkage 
of the UKCCAD to The EACTS Congenital 
Heart Surgery Database will require use of the 
crossmap of the AEPC derived version of the 
IPCCC (used by the UKCCAD) to the EACTS-
STS derived version of the IPCCC (used by the 
EACTS, STS, and JCCVSD). 

 As of January 1, 2014, the STS Congenital 
Heart Surgery Database contains data from 
292,828 operations, the EACTS Congenital 
Heart Surgery Database contains data from over 
157,772 operations, and the JCCVSD contains 
data from over 29,000 operations. Therefore, the 
combined dataset of the STS Congenital Heart 
Surgery Database, the EACTS Congenital Heart 
Surgery Database, and the JCCVSD, contains 
data from over 479,000 operations, all coded 
with the EACTS-STS derived version of the 
IPCCC [ 100 ,  110 ,  112 ,  114 ], and all coded with 
identical data specifi cations [ 208 ].  

   Complexity Stratifi cation 

 The importance of measurement of complexity 
derives from the fact that analysis of outcomes 
using raw measurements of mortality, without 
adjustment for complexity, is inadequate. The 
mix of cases can vary greatly from program to 
program. Without stratifi cation of complexity, 
the analysis of outcomes will be fl awed [ 56 ,  61 , 
 73 ,  74 ,  76 ,  82 ,  106 ,  149 ,  150 ]. 

 The analysis of outcomes after surgery 
requires a reliable method of estimating the risk 
of adverse events. However, formal risk model-
ing is challenging for rare operations. Complexity 
stratifi cation provides an alternative  methodology 
that can facilitate the analysis of outcomes of rare 
operations. Complexity stratifi cation is a method 
of analysis in which the data are divided into rela-
tively homogeneous groups (called strata). The 
data are analyzed within each stratum. 

 Three major multi-institutional efforts have 
attempted to measure the complexity of congeni-
tal cardiac surgical operations:
    1.     R isk  A djustment in  C ongenital  H eart  S urgery-1 

methodology (RACHS-1 method) [ 56 ,  73 ,  149 ]   
   2.     A ristotle  B asic  C omplexity Score (ABC 

Score) [ 61 ,  74 ,  76 ,  82 ,  106 ,  149 ]   
   3.     ST S-E A C T S Congenital Heart Surgery 

Mortality Categories (STS-EACTS Mortality 
Categories) (STAT Mortality Categories) [ 150 ].     
 RACHS-1 and the ABC Score were devel-

oped at a time when limited multi-institutional 
clinical data were available and were therefore 
based in a large part on subjective probability 
(expert opinion). The STAT Mortality Categories 
are a tool for complexity stratifi cation that was 
developed from an analysis of 77,294 opera-
tions entered into the EACTS Congenital Heart 
Surgery Database (33,360 operations) and the 
STS Congenital Heart Surgery Database (43,934 
patients) between 2002 and 2007. Procedure- 
specifi c mortality rate estimates were calcu-
lated using a Bayesian model that adjusted for 
small denominators. Operations were sorted by 
 increasing risk and grouped into fi ve categories 
(the STS–EACTS Congenital Heart Surgery 
Mortality Categories) that were designed to be 
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optimal with respect to minimizing within-cate-
gory variation and maximizing between-category 
variation. 

 Table  8.1  compares RACHS-1, the ABC 
Score, and the STS-EACTS Mortality Categories. 
Table  8.2  shows the application in the STS 
Congenital Heart Surgery Database of the STAT 
Congenital Heart Surgery Mortality Categories 
[ 198 ]. STS and EACTS have transitioned from 
the primary use of Aristotle and RACHS-1 to the 
primary use of the STAT Mortality Categories 
because of three reasons:
      1.    STAT Score was developed primarily based 

on objective data while RACHS-1 and 
Aristotle were developed primarily on expert 
opinion (Subjective probability)   

   2.    STAT Score allows for classifi cation of more 
operations than RACHS-1 or Aristotle   

   3.    STAT Score has a higher c-statistic than 
RACHS-1 or Aristotle.    
  Meaningful evaluation and comparison 

of outcomes require consideration of both 
 mortality and morbidity, but the latter is 

much harder to measure. The STAT Mortality 
Categories provide an empirically based tool 
for analyzing mortality associated with opera-
tions for congenital heart disease [ 150 ]. STS 
has developed the STAT Morbidity Categories 
[ 215 ] based on major postoperative complica-
tions and postoperative length of stay. Both 
major postoperative complications and post-
operative length of stay were used because 
models that assume a perfect one to one rela-
tionship between postoperative complications 
and postoperative length of stay are not likely 
to fi t the data well. Incorporation of both major 
postoperative complications and postopera-
tive length of stay allows creation of a much 
more informative model. The STAT Morbidity 
Categories provide an empirically based tool 
for analyzing morbidity associated with opera-
tions for congenital heart disease [ 215 ].  

   Data Verifi cation 

 Collaborative efforts involving EACTS and STS 
aim to enhance mechanisms to verify the com-
pleteness and accuracy of the data in the data-
bases [ 21 ,  126 ]. A combination of three strategies 
may ultimately be required to allow for optimal 
verifi cation of data:

   Table 8.1       Method of modeling procedures. Shows the 
results of comparing the STS–EACTS Categories (2009) 
to the RACHS-1 Categories and the Aristotle Basic 
Complexity Score using an independent validation sample 
of 27,700 operations performed in 2007 and 2008. In the 
subset of procedures for which STS–EACTS Category, 
RACHS-1 Category, and Aristotle Basic Complexity 
Score are defi ned, discrimination was highest for the 
STS–EACTS categories (C-index = 0.778), followed by 
RACHS-1 categories (C-index = 0.745), and Aristotle 
Basic Complexity scores (C-index = 0.687)   

 Model 
without 
patient 
covariates 

 Model 
with 
patient 
covariates 

 Percent of 
operations 
that can be 
classifi ed (%) 

 STS-EACTS 
Congenital 
Heart Surgery 
Mortality 
Categories 
(2009) 

 C = 0.778  C = 0.812  99 

 RACHS-1 
categories 

 C = 0.745  C = 0.802  86 

 Aristotle basic 
complexity 
score 

 C = 0.687  C = 0.795  94 

   Table 8.2    Shows the discharge mortality in an analysis 
of patients in the STS Congenital Heart Surgery Database 
who underwent surgery between January 1, 2005 and 
December 31, 2009, inclusive [ 198 ], stratifi ed by STAT 
Mortality Categories (STS–EACTS Congenital Heart 
Surgery Mortality Categories)   

 Total number of 
operations 

 Discharge 
mortality (%) 

 STAT mortality 
category 1 

 15,441  0.55 

 STAT mortality 
category 2 

 17,994  1.7 

 STAT mortality 
category 3 

 8,989  2.6 

 STAT mortality 
category 4 

 13,375  8.0 

 STAT mortality 
category 5 

 2,707  18.4 
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    1.    Intrinsic data verifi cation (designed to rectify 
inconsistencies of data and missing elements 
of data)   

   2.    Site visits with “Source Data Verifi cation” (in 
other words, verifi cation of the data at the pri-
mary source of the data)   

   3.    External verifi cation of the data from indepen-
dent databases or registries (such as govern-
mental death registries)    
  Data quality in the STS Congenital Heart 

Surgery Database is evaluated through intrinsic 
data verifi cation by Duke Clinical Research 
Institute (DCRI) (including identifi cation and 
correction of missing/out of range values and 
inconsistencies across fi elds). DCRI is the data 
warehouse and analytic center of the STS 
Congenital Heart Surgery Database. 

 In addition to intrinsic data verifi cation by 
DCRI, each year, approximately 10 % of partici-
pants are randomly selected for audits of their 
center, in accordance with their STS Congenital 
Heart Surgery Database Participation Agreement. 
The audit is designed to complement the internal 
quality controls, with an overall objective of max-
imizing the integrity of the data in the STS 
Congenital Heart Surgery Database by examining 
the accuracy, consistency, and completeness of 
the data. STS has selected Telligen to perform an 
independent, external audit of the STS Congenital 
Heart Surgery Database. As the state of Iowa’s 
Medicare Quality Improvement Organization 
(QIO), Telligen partners with health care profes-
sionals to assure high quality, cost effective health 
care. As a Quality Improvement Organization, 
Telligen is compliant with the Health Insurance 
Portability and Accountability Act of 1996 of the 
United States of America (HIPAA) and performs 
audits adhering to strict security policies. 
Additionally, an STS congenital heart surgeon 
volunteer leader participates in the audit. 

 In the STS Congenital Heart Surgery Database, 
the audit process includes:
•    Completion of the STS Data Collection 

Questionnaire and review of responses with 
the primary data contact, data manager, and/or 
other relevant personnel  

•   Review of the data collection process and doc-
umentation to determine case eligibility for 
submittal to the STS Congenital Heart Surgery 
Database  

•   Comparison of facility operative case logs 
with cases submitted to the STS Congenital 
Heart Surgery Database  

•   Data abstraction (from original source docu-
ments) of congenital heart surgery records 
randomly selected by DCRI and all operative 
mortality cases for the preceding calendar 
year.  

•   A summary conference with the surgeon rep-
resentative, primary data contact, data man-
ager, and/or other relevant personnel to discuss 
general trends in data collection and submis-
sion processes.    
 In 2013, the audit of the STS Congenital Heart 

Surgery Database included the following docu-
mentation of rates of completeness and accuracy 
for the specifi ed fi elds of data:
•    Primary Diagnosis (Completeness = 100 %, 

Accuracy = 96.2 %),  
•   Primary Procedure (Completeness = 100 %, 

Accuracy = 98.7 %),  
•   Mortality Status at Hospital Discharge 

(Completeness = 100 %, Accuracy = 98.8 %)    
 In 2014, 11 Participants in the STS Congenital 

Heart Surgery Database will be audited.  

   Subspecialty Collaboration 

 Under the leadership of The MultiSocietal 
Database Committee for Pediatric and Congenital 
Heart Disease [ 110 – 112 ], further collaborative 
efforts are ongoing between congenital and pedi-
atric cardiac surgeons and other subspecialties, 
including
    1.    Pediatric cardiac anesthesiologists, via The 

Congenital Cardiac Anesthesia Society [ 105 , 
 119 ,  139 ,  207 ],   

   2.    Pediatric cardiac intensivists, via The Pediatric 
Cardiac Intensive Care Society [ 190 ], and   

   3.    Pediatric cardiologists, via the Joint 
Council on Congenital Heart Disease, the 
American College of Cardiology, and The 
Association for European Paediatric 
Cardiology [ 118 ].    
  Strategies have been developed to link together 

databases [ 109 ,  164 ,  189 ,  193 ,  194 ,  210 ,  219 ]. By 
linking together different databases, one can cap-
italize on the strengths and mitigate some of the 
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weaknesses of these databases and therefore 
allow analyses not possible with either data-
set alone. Linked databases have facilitated both 
comparative effectiveness research [ 193 ,  194 , 
 219 ] and longitudinal follow-up [ 145 ,  146 ,  173 , 
 214 ]. Under the leadership of The MultiSocietal 
Database Committee for Pediatric and Congenital 
Heart Disease [ 110 – 112 ], further collaborative 
efforts are ongoing between congenital and pedi-
atric cardiac surgeons and other subspecialties. 

 The Multi-Societal Database Committee for 
Pediatric and Congenital Heart Disease has held 
ten annual meetings, each lasting 1 or 2 days, in 
2005, 2006, 2007, 2008, 2009, 2010, 2011, 2012, 
2013, and 2014. The 11th Multi-Societal Meeting 
has already been scheduled for 2015 in Prague, 
the Czech Republic:
    1.    The First Annual Meeting of The Multi- 

Societal Database Committee for Pediatric 
and Congenital Heart Disease. Chicago, 
Illinois, Chicago Hilton, Thursday August 
25, 2005 and Friday August 26, 2005. (At the 
inception of this fi rst meeting, the meeting 
was named the “VPS/STS/PCICS Combined 
Database Meeting”. VPS=The Virtual 
Pediatric Intensive Care Unit Systems, 
STS=The Society of Thoracic Surgeons, 
PCICS=The Pediatric Cardiac Intensive 
Care Society.)   

   2.    The Second Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease. Chicago, 
Illinois, Thursday August 17, 2006 and 
Friday, August 18, 2006.   

   3.    The Third Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease. Hotel George 
in Washington, DC, Thursday September 27, 
2007 and Friday, September 28, 2007.   

   4.    The Fourth Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease. Omni Mount- 
Royal Hotel, Montreal, Canada, Saturday 
October 4, 2008 and Sunday October 5, 
2008.   

   5.    The Fifth Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease of The Global 
Organization for Pediatric and Congenital 
Heart Disease: “The Transition from 

Outcomes Analysis to Quality Improvement”. 
The Emory Conference Center, Atlanta, 
Georgia, Wednesday September 16, 2009 
and Thursday, September 17, 2009.   

   6.    The Sixth Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease of The Global 
Organization for Pediatric and Congenital 
Heart Disease: “Creating a Multidisciplinary 
Strategy for Improving the Quality of 
HealthCare Delivered to Patients with 
Pediatric and Congenital Heart Disease”. 
The Emory Conference Center, Atlanta, 
Georgia, Thursday, August 26, 2010 and 
Friday, August 27, 2010.   

   7.    The Seventh Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease: “The relation-
ship between (1) Outcomes Analysis, (2) 
Quality Improvement, and (3) Patient Safety”. 
University of Cambridge, Cambridge, United 
Kingdom, Tuesday, September 20, 2011 and 
Wednesday, September 21, 2011.   

   8.    The Eighth Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease: “New 
Initiatives in Outcomes and Quality”. Chair: 
Jeffrey P. Jacobs, MD, Local Hosts: Robert 
Campbell, MD and Robert Vincent, MD. The 
Emory Conference Center, Atlanta, Georgia 
(404) 712–6000. Thursday, August 23, 2012 
and Friday, August 24, 2012.   

   9.    The Ninth Annual Meeting of The Multi- 
Societal Database Committee for 
Pediatric and Congenital Heart Disease: 
“Bridging the Gap from Outcomes to 
Quality”. Chair: Jeffrey P. Jacobs, Local 
Host: Shakeel Qureshi, President, The 
Association for European Paediatric 
and Congenital Cardiology, Meeting 
held at the 47th Annual Meeting of The 
Association for European Paediatric and 
Congenital Cardiology (AEPC), London, 
England, United Kingdom, Thursday, May 
23, 2013.   

   10.    The Tenth Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease: “Dashboards 
for Pediatric and Congenital Cardiac Care”. 
Chair: Jeffrey P. Jacobs, MD, Local Hosts: 
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Robert Campbell, MD and Robert Vincent, 
MD. The Emory Conference Center, Atlanta, 
Georgia (404) 712–6000. Thursday, September 
4, 2014 and Friday, September 5, 2014.   

   11.    The Eleventh Annual Meeting of The Multi- 
Societal Database Committee for Pediatric 
and Congenital Heart Disease: “Improving 
the quality of congenital cardiology health-
care by harmonizing international databases”. 
Chair: Jeffrey P. Jacobs, MD, Robert Vincent, 
MD, and Rodney Franklin, MD. Meeting 
held at the 49th Annual Meeting of The 
Association for European Paediatric and 
Congenital Cardiology (AEPC), Prague, the 
Czech Republic, Wednesday, May 20, 2015.     

 The various organizations and Societies 
whose members have participated in the meet-
ings and activities of The Multi-Societal Database 
Committee for Pediatric and Congenital Heart 
Disease as well as the various participants them-
selves have previously been published [ 111 ], 
although the group continues to grow and involve 
multiple professional medical and nursing societies 
as well as multiple governmental and nongovern-
mental agencies. Some notable accomplishments 
of this multidisciplinary group are worth brief 
mention. At the fi rst meeting of the Multi-Societal 
Database Committee, initial discussions took 
place about the possibility of linking together the 
various databases of the subspecialties of pediat-
ric cardiac surgery, pediatric cardiology, pediatric 
cardiac anesthesia, and pediatric critical care. The 
Multi-Societal Database Committee rapidly real-
ized that it would be essential to collaborate in 
multiple areas:
    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 of evaluating 

case complexity   
   4.    Availability of a mechanism to assure verifi ca-

tion of the completeness and accuracy of the 
data collected   

   5.    Collaboration between medical and surgical 
subspecialties,   

   6.    Standardization of protocols for life-long lon-
gitudinal follow-up.    
  Each of these six areas is discussed in detail in 

the following 530 page Supplement published in 

Cardiology in the Young by the Multi-Societal 
Database Committee for Pediatric and Congenital 
Heart Disease [ 110 ]. Initial discussions of the 
Multi-Societal Database Committee identifi ed 
that it was essential for the various subspecialty 
databases to use identical nomenclature in order 
to allow them to communicate with each other 
with meaning. Various lists of terminology would 
need to be harmonized:
    1.    Diagnoses   
   2.    Procedures   
   3.    Complications   
   4.    Preoperative Factors    

  The Multi-Societal Database Committee 
agreed to use The International Pediatric and 
Congenital Cardiac Code (IPCCC) (  http://www.
ipccc.net/    ) as the basis of communication. Mature 
and well developed Short Lists and Long Lists of 
Diagnoses and Procedures are available via The 
International Pediatric and Congenital Cardiac 
Code, and these diagnostic and procedural lists 
have been incorporated into the various subspe-
cialty databases and harmonized. 

 At the second meeting of The Multi-Societal 
Database Committee, the diagnostic and pro-
cedural lists of nomenclature were harmonized 
across the multiple databases of pediatric car-
diac surgery, pediatric cardiology, pediatric 
cardiac anesthesia, and pediatric critical care. 
These harmonized lists were based on the 
IPCCC. Because the diagnostic and proce-
dural lists in The International Pediatric and 
Congenital Cardiac Code are matured and func-
tional, the Multi- Societal Database Committee 
adopted these lists and harmonized them across 
their databases. The Multi-Societal Database 
Committee then elected to focus on develop-
ing a mature list of Complications and defi ning 
these complications [ 110 – 140 ]. 

 At the third and fourth meeting of The Multi- 
Societal Database Committee, the topic of com-
plications associated with the treatment of 
patients with pediatric and congenital cardiac 
disease was discussed in detail. The Multi- 
Societal Database Committee ultimately devel-
oped and published a Long List of Complications 
[ 110 ,  140 ] and a Short List of Complications 
[ 110 – 112 ], with consensus-based defi nitions pro-
vided in each List:

J.P. Jacobs
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    1.    The Long List of Complications contains and 
defi nes 2,836 terms and is named: “The Long 
List of Complications of The Multi-Societal 
Database Committee for Pediatric and 
Congenital Heart Disease”, with the abbrevi-
ated short name: “Multi-Societal Long List of 
Complications”. Although the act of navigat-
ing a list with 2,836 terms can initially seem 
quite daunting, it can become quite simple 
and enjoyable with the aid of computerized 
navigation tools designed to support the hier-
archal structure of the list.   

   2.    The Short List of Complications contains and 
defi nes 56 terms.    
  At the fi fth meeting of The Multi-Societal 

Database Committee, the Committee transi-
tioned from collaborative efforts related to 
databases to collaborative initiatives related to 
quality improvement. The sixth meeting of The 
Multi- Societal Database Committee focused 
on “Creating a Multidisciplinary Strategy for 
Improving the Quality of HealthCare Delivered 
to Patients with Pediatric and Congenital Heart 
Disease”. The fi rst and second meetings were 
organized and hosted by the VPS Database, and 
the National Association of Children’s Hospitals 
and Related Institutions (NACHRI). The third 
and fourth meetings were organized and hosted 
by the Society of Thoracic Surgeons (STS), and 
the fi fth, sixth, eighth, and tenth meetings were 
organized and hosted by Emory University. 
The seventh meeting was hosted the Pediatric 
Cardiac Intensive Care Society. The ninth meet-
ing was hosted by The Association for European 
Paediatric and Congenital Cardiology (AEPC), 
and the AEPC will host the eleventh meeting. The 
Multi-Societal Database Committee for Pediatric 
and Congenital Heart Disease is a platform that 
facilitates the ability for databases in the domain 
of pediatric cardiac care to span conventional 
subspecialty and temporal boundaries.  

   Longitudinal Follow-Up 

 The transformation of the STS Database to a 
platform for longitudinal follow-up will ulti-
mately result in higher quality of care for all car-
diothoracic surgical patients by facilitating 

longitudinal comparative effectiveness research 
on a national level [ 127 ,  173 ,  184 ,  214 ]. Several 
potential  strategies will allow longitudinal fol-
low-up with the STS Database, including the 
development of clinical longitudinal follow-up 
modules within the STS Database itself, and 
linking the STS Database to other clinical regis-
tries, administrative databases, and national 
death registries:
    1.    Using probabilistic matching with shared 

indirect identifi ers, the STS Database can be 
linked to administrative claims databases 
(such as the CMS Medicare Database [ 145 , 
 146 ] and the Pediatric Health Information 
System (PHIS) database [ 109 ,  164 ,  189 ,  193 , 
 194 ,  210 ,  219 ]) and become a valuable source 
of information about long-term mortality, 
rates of re-hospitalization, long-term morbid-
ity, and cost [ 208 ].   

   2.    Using deterministic matching with shared 
unique direct identifi ers, the STS Database 
can be linked to national death registries like 
the Social Security Death Master File 
(SSDMF) and the National Death Index (NDI) 
in order to verify life-status over time [ 127 , 
 173 ,  184 ,  214 ].   

   3.    Through either probabilistic matching or 
deterministic matching [ 184 ], the STS 
Database can link to multiple other clinical 
registries, such as the National Cardiovascular 
Data Registry (NCDR) of the American 
College of Cardiology (ACC), in order to pro-
vide enhanced clinical follow-up.   

   4.    The STS Database can develop clinical longi-
tudinal follow-up modules of its own to pro-
vide detailed clinical follow-up [ 109 ,  127 , 
 173 ,  184 ,  214 ].    

     Quality Assessment and Quality 
Improvement 

 The STS Database is increasingly used to docu-
ment variation in outcomes [ 182 ,  198 ] and mea-
sure quality [ 179 ,  186 ]. Funnel plots may be 
used to demonstrate this variation in outcome 
and to facilitate the identifi cation of centers that 
are outliers in performance (Fig.  8.6 ). Quality 
improvement initiatives can be initiated in “low 
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performing centers” and best practices can be 
obtained from “high performing centers”.

   STS has collaborated with the Congenital 
Heart Surgeons’ Society (CHSS) to develop 
and endorse metrics to assess the quality of 
care delivered to patients with pediatric and 
congenital cardiac disease [ 186 ]. Tables  8.3 , 
 8.4 , and  8.5  presents 21 “Quality Measures for 
Congenital and Pediatric Cardiac Surgery” that 
were developed and approved by the Society of 
Thoracic Surgeons (STS) and endorsed by the 
Congenital Heart Surgeons’ Society (CHSS). 
These Quality Measures are organized accord-
ing to Donabedian’s Triad of Structure, Process, 
and Outcome [ 242 ]. It is hoped that these qual-
ity measures can aid in congenital and pediatric 
cardiac surgical quality assessment and quality 
improvement initiatives. These initiatives will 
take on added importance as the public reporting 
of cardiac surgery performance becomes more 
common [ 143 ,  176 ,  177 ].

        Summary: Bridging the Gap Form 
Analysis of Outcomes 
to Improvement of Quality 

 Clinical registries represent a foundational tool in 
the following inter-related process:
    1.    Measuring the outcomes of medical and 

 surgical practices,   
   2.    Developing evidence for best medical and 

 surgical practices,   
   3.    Providing actionable feedback to clinicians, 

and   
   4.    Improving the quality of care and outcomes.     

 Clinical registries are the best tool for 
 measuring the outcomes of the processes of 
care [ 220 ,  221 ]. As described in this chapter, the 
ability to measure clinical outcomes properly 
requires using standardized clinical nomencla-
ture, uniform standards for defi ning elements 
of data and collecting these data, strategies to 
adjust for the complexity of patients, techniques 
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  Fig. 8.6    In this graph, data about mortality is displayed 
as a funnel plot for STAT Category fi ve operations [ 198 ]. 
The horizontal dashed line depicts aggregate STS mortal-
ity before discharge. Dashed lines depicting exact 95 % 
binomial prediction limits were overlaid to make a funnel 
plot. Squares represent the number of cases and mortality 
before discharge for individual STS Congenital Heart 
Surgery Database participants (centers). This analysis 
includes patients undergoing surgery during the 5 year 
analytic window of 2005 –2009, inclusive, and includes 
70 STS centers in the STS Congenital Heart Surgery 

Database and 2,707 operations. Centers that were identi-
fi ed as outliers represented 18.6 % of participating centers 
(13 out of 60): 10 % (7 out of 70) were “high-performing 
outliers” and 8.6 % (6 out of 70) were “low-performing 
outliers”. Quality improvement initiatives can be initiated 
in “low performing centers” and best practices can be 
obtained from “high performing centers”. ( ST S-E A C T S 
Congenital Heart Surgery Mortality Categories = STS- 
EACTS Mortality Categories = STAT Mortality Categories 
[ 150 ],  STS  The Society of Thoracic Surgeons,  EACTS  
European Association for Cardio-Thoracic Surgery)       
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to verify the completeness and accuracy of data, 
and collaboration across medical and surgical 
subspecialties. All of these elements exist in the 
ideal clinical registry. 

 Clinical registries can be used as a platform for 
developing evidence for best medical practices and 
performing comparative effectiveness research. 
The NIH-funded linkage of the STS Congenital 
Heart Surgery Database to the Pediatric Health 
Information System (PHIS) Database exemplifi es 
this approach [ 164 ,  189 ,  193 ,  194 ,  210 ,  219 ]. This 
linkage of clinical and administrative data facili-
tated comparative effectiveness research in the 
domains of perioperative methylprednisolone and 
outcome in neonates undergoing heart surgery 
[ 193 ] and antifi brinolytic medications in pediatric 
heart surgery [ 194 ]. Similarly, The NIH-funded 
ASCERT trial (American College of Cardiology 
Foundation—Society of Thoracic Surgeons 
Collaboration on the Comparative Effectiveness of 
Revascularization sTrategies trial) also used linked 

clinical and administrative data to compare surgical 
and transcatheter strategies of coronary revascular-
ization [ 243 ,  244 ]. Although randomized trials 
have been considered by many to be the gold stan-
dard of comparative effectiveness research, recent 
efforts have examined the possibility of using a 
clinical registry as a platform for randomized trials 
[ 245 ,  246 ], potentially accomplishing the dual 
objectives of decreasing the cost of the trial and 
increasing the generalizability of the patients 
enrolled. 

 Clinical registries can provide actionable 
feedback to clinicians and therefore aid in initia-
tives to improve quality. Clinical registries can 
provide practitioners with accurate and timely 
feedback of their own outcomes and can 
 benchmark these outcomes to regional, national, 
or even international aggregate data [ 182 ,  198 , 
 247 – 249 ]. 

 The ultimate goal of clinical registries is to 
improve quality of care and outcomes. Clinical 

   Table 8.3    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 healthcare team 
  3. Availability of Institutional  Pediatric ECLS  ( Extracorporeal Life Support )  Program  
  4.   Surgical volume  for Pediatric and Congenital Heart Surgery: Total Programmatic Volume and Programmatic 

Volume Stratifi ed by the  Five STS - EACTS   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 and Weight - Appropriate Dosage  for Pediatric and 

Congenital Cardiac Surgery Patients 
 11. Use of an  expanded pre - procedural and post - procedural  “ time - out ” 
 12. Occurrence of new post-operative  renal failure  requiring dialysis 
 13. Occurrence of new post-operative  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 interventional cardiovascular catheterization procedure 
 18.  Operative Mortality  Stratifi ed by the Five STS-EACTS Mortality Levels 
 19.  Operative Mortality  for Eight Benchmark Operations 
 20. Index Cardiac  Operations Free of Mortality and Major Complication  
 21. Operative  Survivors Free of Major Complication  
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   Table 8.5    Consensus defi nitions of the morbidities   

 Measure  Organ system  Complication  Defi nitions 

 12  Renal  Renal failure – acute renal 
failure, Acute renal failure 
requiring dialysis at the time 
of hospital discharge 

 Renal failure – acute renal failure (ROOT Defi nition) + 
With new postoperative/postprocedural requirement for 
dialysis, including peritoneal dialysis and/or hemodialysis. 
Code this complication if the patient requires dialysis at the 
time of hospital discharge or death in the hospital. (This 
complication should be chosen only if the dialysis was 
associated with acute renal failure.) {“Renal failure – acute 
renal failure” ROOT Defi nition = Acute renal failure is 
defi ned as new onset oliguria with sustained urine 
output < 0.5 cc/kg/h for 24 h and/or a rise in creatinine >1.5 
times upper limits of normal for age (or twice the most 
recent preoperative/preprocedural values if these are 
available), with eventual need for dialysis (including 
peritoneal dialysis and/or hemodialysis) or hemofi ltration. 
Acute renal failure that will be counted as an operative or 
procedural complication must occur prior to hospital 
discharge or after hospital discharge but within 30 days of 
the procedure. (An operative or procedural complication is 
any complication, regardless of cause, occurring (1) within 
30 days after surgery or intervention in or out of the 
hospital, or (2) after 30 days during the same hospitalization 
subsequent to the operation or intervention. Operative and 
procedural complications include both intraoperative/
intraprocedural complications and postoperative/
postprocedural complications in this time interval.) The 
complication is to be coded even if the patient required 
dialysis, but the treatment was not instituted due to patient 
or family refusal} 

 12  Renal  Renal failure – acute renal 
failure, Acute renal failure 
requiring temporary dialysis 
with the need for dialysis not 
present at hospital discharge 

 Renal failure – acute renal failure (ROOT Defi nition) + 
With new postoperative/postprocedural requirement for 
temporary dialysis, including peritoneal dialysis and/or 
hemodialysis. Code this complication if the patient does not 
require dialysis at the time of hospital discharge or death in 
the hospital. (This complication should be chosen only if 
the dialysis was associated with acute renal failure.) 
{“Renal failure – acute renal failure” ROOT Defi nition = 
Acute renal failure is defi ned as new onset oliguria with 
sustained urine output <0.5 cc/kg/h for 24 h and/or a rise in 
creatinine >1.5 times upper limits of normal for age (or 
twice the most recent preoperative/preprocedural values if 
these are available), with eventual need for dialysis 
(including peritoneal dialysis and/or hemodialysis) or 
hemofi ltration. Acute renal failure that will be counted as an 
operative or procedural complication must occur prior to 
hospital discharge or after hospital discharge but within 
30 days of the procedure. (An operative or procedural 
complication is any complication, regardless of cause, 
occurring (1) within 30 days after surgery or intervention in 
or out of the hospital, or (2) after 30 days during the same 
hospitalization subsequent to the operation or intervention. 
Operative and procedural complications include both 
intraoperative/intraprocedural complications and 
postoperative/postprocedural complications in this time 
interval.) The complication is to be coded even if the patient 
required dialysis, but the treatment was not instituted due to 
patient or family refusal} 
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 12  Renal  Renal failure – acute renal 
failure, Acute renal failure 
requiring temporary 
hemofi ltration with the need 
for dialysis not present at 
hospital discharge 

 Renal failure – acute renal failure (ROOT Defi nition) + 
With new postoperative/postprocedural requirement for 
temporary hemofi ltration. Code this complication if the 
patient does not require dialysis at the time of hospital 
discharge or death in the hospital. (This complication 
should be chosen only if the hemofi ltration was associated 
with acute renal failure.) {“Renal failure – acute renal 
failure” ROOT Defi nition = Acute renal failure is defi ned as 
new onset oliguria with sustained urine output <0.5 cc/kg/h 
for 24 h and/or a rise in creatinine >1.5 times upper limits 
of normal for age (or twice the most recent preoperative/
preprocedural values if these are available), with eventual 
need for dialysis (including peritoneal dialysis and/or 
hemodialysis) or hemofi ltration. Acute renal failure that will 
be counted as an operative or procedural complication must 
occur prior to hospital discharge or after hospital discharge 
but within 30 days of the procedure. (An operative or 
procedural complication is any complication, regardless of 
cause, occurring (1) within 30 days after surgery or 
intervention in or out of the hospital, or (2) after 30 days 
during the same hospitalization subsequent to the operation 
or intervention. Operative and procedural complications 
include both intraoperative/intraprocedural complications 
and postoperative/postprocedural complications in this time 
interval.) The complication is to be coded even if the patient 
required dialysis, but the treatment was not instituted due to 
patient or family refusal} 

 13  Neurologic  Neurological defi cit, 
Neurological defi cit 
persisting at discharge 

 Newly recognized and/or newly acquired defi cit of 
neurologic function leading to inpatient referral, therapy, or 
intervention not otherwise practiced for a similar unaffected 
inpatient, With a persisting neurologic defi cit present at 
hospital discharge. In other words, new (onset 
intraoperatively or postoperatively – or intraprocedurally or 
postprocedurally) neurological defi cit persisting and present 
at discharge from hospital 

 13  Neurologic  Stroke  “Stroke” ROOT Defi nition = A stroke is any confi rmed 
neurological defi cit of abrupt onset caused by a disturbance 
in blood fl ow to the brain, when the neurologic defi cit does 
not resolve within 24 h 

 13  Neurologic  Spinal cord injury, 
Neurological defi cit 
persisting at discharge 

 Spinal cord injury (ROOT Defi nition) + With a persisting 
neurologic defi cit present at hospital discharge. {“Spinal 
cord injury” ROOT Defi nition = Newly acquired or newly 
recognized defi cit of spinal cord function indicated by 
physical exam fi ndings, imaging studies, or both} 

 13  Neurologic  Peripheral nerve injury, 
Neurological defi cit 
persisting at discharge 

 Peripheral nerve injury (ROOT Defi nition) + With a 
persisting neurologic defi cit present at hospital discharge. 
{“Peripheral nerve injury” ROOT Defi nition = Newly 
acquired or newly recognized defi cit of unilateral or 
bilateral peripheral nerve function indicated by physical 
exam fi ndings, imaging studies, or both} 

 14  Arrhythmia – 
Arrhythmia 
necessitating 
pacemaker 

 Arrhythmia necessitating 
pacemaker, Permanent 
pacemaker 

 Implantation and utilization of a permanent pacemaker for 
treatment of any arrhythmia including heart block 
(atrioventricular [AV] heart block) 

Table 8.5 (continued)

(continued)
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 15  Neurologic  Paralyzed diaphragm 
(possible phrenic nerve 
injury) 

 Presence of elevated hemi-diaphragm(s) on chest radiograph 
in conjunction with evidence of weak, immobile, or 
paradoxical movement assessed by ultrasound or 
fl uoroscopy 

 16  Mechanical 
support 
utilization 

 Postoperative/Postprocedural 
mechanical circulatory 
support (IABP, VAD, ECMO, 
or CPS) 

 Utilization of postoperative/postprocedural mechanical 
support, of any type (IABP, VAD, ECMO, or CPS), for 
resuscitation/CPR or support, during the postoperative/
postprocedural time period. Code this complication if it 
occurs (1) within 30 days after surgery or intervention 
regardless of the date of hospital discharge, or (2) after 
30 days during the same hospitalization subsequent to the 
operation or intervention 

 17  Operative/
procedural 

 Unplanned cardiac 
reoperation during the 
postoperative or 
postprocedural time period, 
exclusive of reoperation for 
bleeding 

 Any additional unplanned cardiac operation occurring (1) 
within 30 days after surgery or intervention in or out of the 
hospital, or (2) after 30 days during the same hospitalization 
subsequent to the operation or intervention. A cardiac 
operation is defi ned as any operation that is of the operation 
type of “CPB” or “No CPB Cardiovascular”. The following 
operations will always be coded as “Planned Reoperation”: 
(1) Delayed Sternal Closure, (2) ECMO Decannulation, (3) 
VAD Decannulation, (4) Removal of Broviac catheter. The 
following operations will always be coded as “Unplanned 
Reoperation”: (1) Reoperation for bleeding, (2) Reoperation 
for infection, (3) Reoperation for hemodynamic instability, 
(4) Reoperation for initiation of ECMO or VAD, (5) 
Reoperation for residual or recurrent lesion 

 17  Operative/
procedural 

 Unplanned interventional 
cardiovascular catheterization 
procedure during the 
postoperative or 
postprocedural time period 

 Any unplanned interventional cardiovascular catheterization 
procedure occurring (1) within 30 days after surgery or 
intervention in or out of the hospital, or (2) after 30 days 
during the same hospitalization subsequent to the operation 
or intervention 

 17  Operative/
procedural 

 Unplanned non-cardiac 
reoperation during the 
postoperative or 
postprocedural time period 

 Any additional unplanned non-cardiac operation occurring 
(1) within 30 days after surgery or intervention in or out of 
the hospital, or (2) after 30 days during the same 
hospitalization subsequent to the operation or intervention 

Measure Organ system Complication Defi nitions

Table 8.5 (continued)

registries have been used to create standardized 
measures of quality that have been endorsed by 
multiple professional medical societies and the 
National Quality Forum [ 186 ,  250 ]. Compliance 
with these measures and the public reporting of 
these measures should lead to improvements in 
the overall quality of care delivered to our patients 
[ 143 ,  176 ,  177 ]. 

 Figure  8.7  is a Venn Diagram that demon-
strates the close and overlapping relationships 
between the three domains of this textbook: 
Outcomes Analysis, Quality Improvement, and 
Patient Safety. These relationships compose the 
underlying theme of this textbook and are funda-
mental to improving the state of the art of pediat-
ric and congenital cardiac care.
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the Outcomes of the Treatment 
of Patients with Congenital 
and Pediatric Cardiac Disease: 
The Perspective of Cardiology 

           William     B.     Drake     II      ,     Richard     E.     Stroup      , 
and     Allen     D.     Everett     

    Abstract  

  The development of the conceptual and technological infrastructure of a 
health care system is primarily driven by a society’s obligation to pro-
vide for its people. Few people today would deny that organized data col-
lection, processing and presentation is an increasingly key component of 
good patient care. Given the “wild west” nature of the medical informatics 
free market today, there is certainly no standardized database structure or 
architecture. A viable, forward looking database design must be able to 
interface in a variety of ways, including ways unforeseen at this time. 

 The fi elds of congenital cardiology and cardiac surgery are poised to 
benefi t from, as well as promote, new developments in data structuring, 
storage, retrieval, processing and analysis. Databases are comprised of a 
variety of platforms, software and architectures depending on the size and 
purpose of the database. Databases at and above a hospital department 
level should be organized around purpose, utility, fl exibility and growth. 

 A state-of-the-art database should have the following core architectural 
components: an On-Line Transactional Processing system, an On-Line 
Analytical Processing system, and we propose an On-Line Semantics 
Processing system. Such databases could place a modern congenital 
cardiac center in an ideal position to take full advantage of the techno-
logical advancements of today as well as tomorrow, including artifi cial 
intelligence, cloud based systems, and evolving human device- interfaces, 
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        Background, History 
and Current Status 

 The need for accurate, timely and complete col-
lection of data has never been as paramount in 
the medical fi eld as it is today. While it is vitally 
important that clinicians strive for excellence in 
the technical aspects of their specialties, clinical 
excellence alone will add up to little if we cannot 
assess the outcomes of our practice or fully under-
stand the complexities of the diseases we treat. 

 Our world is an increasingly technical, com-
plex world and this is nowhere more appar-
ent than in the fi eld of congenital heart disease 
(CHD). There is great variation in the manifesta-
tion of congenital heart defects, as well as signifi -
cant variation in the treatment of these defects. 
The process of caring for individuals born with 
congenital heart disease is an ever evolving, 
continuous learning process requiring the com-
mitment of lifetimes. Today’s pediatric cardiolo-
gists (and cardiovascular surgeons) are inundated 
with data. The great challenge is to make sense of 
all of this information. Databases are needed to 
catalog, organize, store, retrieve and analyze this 
over-whelming amount of raw data. 

 Two things are needed to provide a high fi del-
ity database. The fi rst component is the  database  
itself. The second component is comprised of the 
 interfaces  into and out of the database. The word 
“interface” can be defi ned as a “ surface forming 
a common boundary between adjacent regions , 
 bodies ,  substances ,  or phases  [ 1 ].” The key word 
is “boundary.” Like any boundary, or border 
between two regions or countries, an interface 
will need to control and defi ne what commerce 
(in this case information) is allowed to cross, in 
what manner it crosses and in what direction. 

 It is diffi cult to consider databases without dis-
cussing the interfaces regulating information fl ow 
into and out of those databases. Interfaces may 
be of many types. Broad categories of interfaces 
would include human-database, database- database, 
machine-database, and database-web. In the fol-
lowing discussion databases and interfaces will be 
discussed concurrently. Because database informa-
tion is presented via an interface, interfaces defi ne 
the way we perceive a database. Good interfaces 
will promote data collection, speed workfl ow, per-
form precise translations, provide error checking, 
and present, organize and sort information. 

 The technology exists today to create inter-
faces and databases which can meet every con-
ceivable information need. As Health Care 
Providers we need to understand the technical 
aspects of these important tools to be able to use 
them to best advantage. We need to know how a 
database is organized to understand what it can 
and cannot do. A database designed and built for 
a specifi c task will not perform well when forced 
to do something different. Optimal confi guration 
and planning is important when setting up a data-
base and its interfaces. 

 At fi rst, it might seem like the requirements 
for a clinical database and a research database 
are incongruent. Technological improvements 
have allowed interface developments to expand 
exponentially, ultimately facilitating human 
interaction with data. The impact of databases 
on our practices and lives continues to evolve. 
Ultimately, transactions through interfaces will 
come to defi ne both our perception of data and 
the utility of data. We are in a time of transfor-
mation and rapid evolution, with a future that 
will allow us to evolve what we can do for our 
patients and practice of medicine. 

 ultimately providing unmatched facility in data management, which leads 
to similar advances in patient management.  
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 A well thought out, well designed, and well 
utilized departmental level cardiac center data-
base (CCDB) will be able to facilitate informa-
tion exchange between a hospital information 
system (HIS), cardiovascular modality systems 
(electrocardiogram [ECG], echocardiography, 
magnetic resonance imaging [MRI], angiogra-
phy), an exercise physiology laboratory, as well 
as physicians, nurses, technicians, and other car-
diac division health care providers. The CCDB 
will promote and enable registry submissions, 
intra- and extra-mural research, and will greatly 
facilitate quality assurance/quality improvement 
(QA/QI) initiatives. 

 We have come to the point in this day and age 
when it is feasible and desirable to have as much 
data as possible reside in a departmental CCDB. 
While we cannot predict today precisely what 
the practice of medicine will look like tomorrow, 
we can build departmental level databases which 
will support every activity involved in caring for 
patients with congenital heart disease as well as 
advancing our knowledge and practice both from 
within institutional walls as well as outside.  

    Database History 

 Databases are already widely used in our 
fi eld. They are highly scalable, ranging from 
small information repositories for short-term 
research and running up in size to the large 
multi-center complex registry-type databases 
(examples include European Association for 
Cardio- Thoracic Surgery [EACTS], Society 
of Thoracic Surgeons [STS], Congenital 
Cardiovascular Interventional Study Consortium 
[CCISC], Improving Pediatric and Adult 
Congenital Treatment [IMPACT], Central 
Cardiac Audit Database [CCAD], Pediatric 
Cardiac Critical Care Consortium [PC4], and 
various National Database Initiatives). The sim-
plest database is nothing more complex than an 
electronic spreadsheet, while the most complex 
CCDB will be comprised of sub-components 
including complex interfaces, relational data-
bases, semantic layers and data warehouses. 

 One form of database, important in assessing 
outcomes, is the medical registry. A medical reg-
istry [ 2 ] is a collection of secondary data related 
to patients with a specifi c disease, diagnosis, con-
dition, treatment or procedure. Compared to an 
electronic medical record (EMR), a registry only 
keeps track of a small sub-population of patients 
with a specifi c condition. A registry needs to 
assure that data it receives is valid and has been 
verifi ed. It is common for registries to regularly 
audit contributing entities to verify that data sub-
mitted to the registry is valid. 

 The American College of Cardiology 
Foundations (R) has developed the IMPACT 
Registry TM  (IMproving Pediatric and Adult 
Congenital Treatment) to capture diagnostic car-
diac catheterization and catheterization-based 
outcomes data [ 3 ]. This registry is administered 
by the National Cardiovascular Data Registry (R) 
(NCDR) of the American College of Cardiology®, 
a primary resource for measuring and quantifying 
outcomes and identifying gaps in the delivery of 
quality cardiovascular patient care in the United 
States. The IMPACT Registry TM  has grown rap-
idly since its inauguration in 2009, and receives 
data from more than 80 institutions encompassing 
over 12,000 procedures. Goals of the IMPACT 
Registry TM  are to improve the quality of cardio-
vascular patient care and support research that 
improves patient care and outcomes. 

 Similarly, the Congenital Cardiovascular 
Interventional Study Consortium (CCISC) is an 
industry sponsored, not-for-profi t organization 
that assists and coordinates the design, conduct 
and reporting of scientifi c studies in interven-
tional cardiovascular care for individuals with 
congenital heart disease [ 4 ]. 

 Cardiologists are also interested in other less 
procedure based outcome measures. While there 
is a wealth of pharmacological data from large 
adult studies, no such similar data is available in 
children. Such studies would require large num-
bers of patients, larger databases and longer peri-
ods of time to aggregate meaningful outcomes. 
Yet these types of multi-center trials could be 
greatly facilitated by participating centers shar-
ing pre-certifi ed retrospective data. 
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 As clinicians, we are honestly often more 
interested in the data that goes into a database 
than the actual database structure and function. 
This is analogous to us being more interested in 
the congenital heart defect we are imaging with 
echocardiography and angiography rather than 
the equipment we are using to do the imaging. 
Never the less, we do spend a fair amount of 
time making sure that our imaging equipment 
is technically adequate, and we prefer state-
of-the-art equipment as it allows us to gather 
information more accurately and make more 
precise diagnoses. This analogy holds true with 
databases. The interfaces, structure, granularity 
and function (the technology) behind a database 
will have an impact on the quality of informa-
tion stored in that database. This has to be fi nely 
balanced with the burden of data entry so that 
data capture is complete. 

 We need to understand that the type of 
 database used to gather, organize, store and dis-
play our data is every bit as important as the 
type of catheterization laboratory equipment or 
echocardiography carts we use. It’s not just what 
data are being stored, but how data are stored, 
organized, summarized and displayed back to 
the clinician that can make a world of difference 
in our clinical practice and the progression of 
our ability to care for those born with congeni-
tal heart disease. Three problems must be over-
come in order to transform data into actionable 
knowledge are (1) duplication of data in separate 
systems, (2) non- standard and proprietary coding 
systems, and (3) the patient-centric nature of the 
electronic medical record. 

 It is common and usual for various silos of 
clinical data to be housed within separate func-
tional systems. There are electronic medical 
records from hospital information systems, echo-
cardiogram imaging and reporting systems, car-
diac catheterization hemodynamic, imaging, and 
reporting systems, ECG monitoring and record-
ing systems, cardiac MRI systems, and electro-
physiology laboratory systems. Each of these 
functional systems will keep some of the same, or 
similar data housed within separate local reposi-
tories. For instance, when considering patient 

demographics each system keeps some form of 
patient identifi er information. It can be a medi-
cal record number, name, address, gender, date 
of birth, or various combinations of the above. 
Some data are entered manually, and some are 
automated. Some are correct, and some are incor-
rect or incomplete. In some systems, a medical 
record number may be stored as an integer value, 
but in others that same designator may be kept 
as a text fi eld. This non-uniformity across sys-
tems creates problems with data validation and 
standardization. 

 The second problem has to do with coding 
systems and identifi ers. Any structured report-
ing system, including a code set, is based on an 
internally standardized selectable set of items. 
These could include categorized lists of diag-
noses, procedures, and risk factors to name a 
few. Although most categories contain common 
meanings, they do not often contain common 
terms and identifi ers. Some systems will uti-
lize broadly recognized coding representations, 
such as the 10th International Classifi cation 
of Diseases Revision (ICD-10) or Current 
Procedural Terminology (CPT), some will use 
registry-based coding, such as STS or IMPACT, 
while still others will use their own specifi c des-
ignators recognized by no other systems. To fur-
ther complicate the situation, in one system an 
attending physician may be identifi ed as “Smith, 
John M.D.” while in another system that same 
physician will be identifi ed as employee num-
ber “1234567”. This lack of standardization 
creates problems with data translation and 
consolidation. 

 The third problem is that the data contained 
within these disparate functional systems are, 
by their very nature, extremely patient-centric. 
While this is the most logical data structure for 
individual patient care and cardiology department 
modeling, this is not an effi cient organization for 
reporting, evaluating key performance indicators, 
analytics, decision support, quality improvement, 
and research-based endeavors. The patient cen-
tric nature of these functional systems creates 
challenges with data aggregation, manipulation, 
and representation.  

W.B. Drake II et al.



131

    Database Architecture 

 There are three major required sub-systems 
within a complete Cardiac Center Database 
solution. These consist of (1) an on-line trans-
action processing (OLTP) system with an appli-
cation (user interface) front end, (2) an on-line 
analytical processing (OLAP) or data warehouse 
system with an analytics and data visualization 
layer, and (3) an interface to national registries 
and external databases. Other components, 
including an on- line semantics processing sys-
tem, artifi cial intelligence, and a cloud compo-
nent are optional, but add signifi cant value and 
utility to the CCDB. Each one of these systems 
will be discussed in detail. 

    On-Line Transactional Processing 
System 

 OLTP systems are typically relational databases. 
Relational Databases are databases comprised of a 
collection of formally organized or related tables. 
Each table entry is defi ned by a ‘key’ which is 
the fi rst value of an entry in that table. An entry 
in a second table will have another ‘key,’ and can 
be related to an entry in the fi rst table by includ-
ing the ‘foreign key’ from the fi rst table. This can 
lead to a complex series of links between data 
tables, particularly when a Relational Database 
can contain hundreds of different tables. 

 An online transaction processing system has 
three architectural requirements. First, it must be 
designed around the data fl ow and dependency 
of a business or, in this case, a Cardiac Center. 
As an example, the most important single unit 
within a Cardiac Center is the patient. This then 
becomes the highest level in the hierarchical 
database schema. Each patient can have mul-
tiple visits, or encounters, with the department, 
creating a one-to- many relationship between the 
patient and each visit. A particular visit may be 
an observation visit in which one cardiac cath-
eterization is performed, or an inpatient visit 
(admission) in which several cardiac character-
izations and surgeries are performed. It follows 

that there is at the potential of a one-to-many 
relationship between each visit and multiple 
procedures or tests. This particular data depen-
dency-based model is shown in Fig.  9.1 .

   The strength of relational databases is that 
they are well suited towards organizing workfl ow 
and business processes. Data obtained at a single 
encounter or session is easily sorted to go into 
organized tables. It immediately comes to mind, 
however, that extracting information out of a 
relational database is not necessarily straightfor-
ward. Because related information can be placed 
in multiple tables, extracting data from relational 
databases using a data query often requires spe-
cialized skill and technical knowledge beyond 
the interest- if not beyond the ability- of most 
clinical practitioners, even if one could get past 
an institution’s Database Systems Administrator 
to directly access a database [ 5 ]! 

 The second requirement is that the OLTP sys-
tem provides transactional, or real-time, data to 
the system. The OLTP system needs to pick up 
data as soon as data are available. Many inter-
faces, including interfaces to the echocardiogra-
phy reporting system, the hospital hematology 
and chemistry laboratories, and radiology picture 
archiving and communications systems (PACS) 
and others previously mentioned are required. 
Additionally, the right kind of interface can dis-
play a very complex set of numbers much more 
easily that simply listing tables. Figure  9.2  shows 
a well designed CCDB display interface with a 
graphical display of “ins and outs” for a given 
patient [ 6 ].

   Graphical patient information can also be 
depicted in other unique and intuitive ways. For 
instance, diagnosis or fi ndings codes, if granu-
lar enough, might allow for the generation of 
Mullins-types diagrams using the CCDB internal 
code set [ 7 ]. A prototype system was been imple-
mented using Protégé 1 and the Java Advanced 
Imaging package in 2005 at Children’s Mercy 
Hospital. This type of system would allow cre-
ation of Mullins type diagrams to display serial 
chronologic changes in anatomy and physiol-
ogy independent of imaging modality, since the 
diagrams would be generated by database codes. 
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Figure  9.3  shows the prototype Ontodiagram 
query interface which generated a diagram of a 
heart with dextro-transposition of the great arter-
ies (D-TGA) and ventricular septal defect (VSD). 
This type of diagram generation would optimally 
allow a cardiologist or surgeon to overlay cath, 
echo and surgical data on the diagram framework. 
The diagram would automatically “change” as 
codes and fi ndings in the CCDB update, provid-
ing an evolving diagrammatic modality to assist 
in management, refl ecting the latest knowledge 
available in the CCDB.

   Lastly, and perhaps most importantly for out-
comes and QA/QI, the OLTP system becomes the 
vehicle for receiving, gathering and extracting 
data from all of the systems (human, machine, 
and database) through appropriate interfaces to 
enable normalization and storage within one local 
data store, the On-Line Analytical Processing 
(OLAP) System.  

    On-Line Analytical Processing System 
(Data Warehouse) 

 The on-line analytical processing system, com-
monly called a Data Warehouse, is profoundly 
different than the on-line transaction processing 
system described above. OLTP (transactional) 
systems are designed mainly for large numbers of 
transactions in real time. The high performance 
and constant load requirements are the driving 
force behind the entity relationship data model, 
where discrete tables can be updated on an imme-
diate and independent basis. As noted above, the 
large number of tables and complex relation-
ships within an entity relationship data model 
are nearly impossible to comprehend without 
extensive training, rendering routine data query, 
data extraction, and decision making processes 
virtually impossible. A data warehouse, however, 
is a “subject-oriented, integrated, time-varying, 

  Fig. 9.1    A    relational data model containing demographic 
data (tblPatient), visit data (tblVisit), appointment data 
(tblAppointment, and procedure data (tblCatheterization, 
tblOperations). The tblPatient is the highest-level table. It 
contains a ‘key’ called PatientID which is a ‘foreign key’ 
for the tblVisit, tblOperations and tblAppointment tables. 

Since one patient can have potentially many admissions, 
there may be multiple entries in tblVisit for the patient 
with the same PatientID. Likewise, it is possible for sev-
eral entries in tblCatherization to have the same VisitID if 
a patient has multiple catheterization procedures during 
the same admission       
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 non- volatile collection of data that is used pri-
marily in organizational decision making” [ 5 ]. 
As such, an OLAP (data warehouse) system is 
designed to assess outcomes, measure quality, 
and provide critical input for strategic decision 
making. 

 At the heart of a data warehouse is a common 
organization known as a multidimensional data 
model. As shown in Fig.  9.4 , the central table 
within a multidimensional data model is the fact 
table (fct_Patients). This database organization is 
sometimes referred to as a “star schema” due to 
its symmetrical look and well defi ned hierarchi-
cal structure [ 8 ].

   The purpose of the fact table is to contain all 
of the measurements of interest when analyzing 
a particular process or unit type. A cardiac cen-
ter data warehouse would very likely have sepa-
rate fact tables for cardiac catheterizations and 
echocardiograms. Examples of measures that 

would be stored in a cardiac catheterization fact 
table would be fl uoroscopy time, contrast, age, 
and weight, amongst many others. For an inter-
ventional catheterization procedure, measures 
would be saved on a pre-interventional and post- 
interventional basis. The degree of granularity 
in the fact table for interventional catheteriza-
tion cases should be defi ned by the set-based 
intra- procedural measurements. Other fact tables 
require temporal analysis, in which case subse-
quent stored measures would depend upon the 
minimum time interval requirements for the anal-
ysis (for instance measures being stored at ten 
minute intervals during a cardiac catheterization). 

 Aggregate measures, including sub-totaling, 
multiplying, averaging, and others also are best 
placed in the data warehouse. Aggregations can 
occur on an as-needed basis when measures are 
being displayed, during the analysis cube calcu-
lation process, or when data is imported from the 

  Fig. 9.2    Daily “ins and outs” for a patient over a 2 month 
period graphically displayed with 12 h balance, 36 h mov-
ing average, and cumulative plots over time. The advan-

tage of being able to discern daily variance and longer 
term cumulative changes is easily appreciated       
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OLTP system into the data warehouse. The most 
important factor in determining where to process 
aggregations is the impact on overall database 
effi ciency and performance. 

 Temporal aggregate measures often require 
special attention, with differentiation between 
a set date and time (start time of a cardiac cath-
eterization) compared to a time interval (min-
utes a series of arterial blood gases [ABGs] are 
obtained post initiation of nitrous oxide [NO]). 

 The dimension table is the fi nal important 
concept in the cardiac center data warehouse. 

Each unique row of measures in the fact table 
depends on a set of dimensions which provide 
the context for that particular set of measures. 
The dimensions together uniquely determine the 
measure. Therefore, the multidimensional data 
views a measure as a value in the multidimen-
sional space of dimensions [ 9 ]. Each dimension 
is a closed set of attributes that more distinctly 
defi nes or stratifi es a particular measure or set of 
measures. Figure  9.5  shows a simple example of 
a multidimensional cube space in a cardiology 
data warehouse.

  Fig. 9.3    The Ontodiagram query interface. Measurement 
mappings are shown. Diagrams are generated by breaking 
each diagram into very granular, atomic components. For 
instance, the concept “normal pulmonary veins” is a par-
ent concept that actually consists of a number of child 
concepts, including “normal right upper pulmonary vein,” 

“normal left upper pulmonary vein,” “normal right lower 
pulmonary vein,” “normal left lower pulmonary vein,” 
and “all pulmonary veins go to leftward atrium.” These 
concepts can be mapped to a CCDB internal code set, 
which optimally should be even more granular than the 
concepts described here       
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       Registry Interface 

 As noted above, data submitted to a registry is 
a sub-set of data in an EMR. Indeed, a registry 
submission should be a sub-set of the CCDB. If 
a CCDB exists only for the purposes of submit-
ting to a single registry, then it is limited in scope 
factually, temporally and in utility. 

 With regards to quality, a registry must have 
assurance that incoming data meets a minimum 
standard. This is most commonly done by audit-
ing submitting entities to verify that the submit-
ted data sets are accurate and complete. 

 From the registry perspective, audits are 
required simply because there is no other way to 
certify incoming data accuracy. Typically there is 
no alternate independent entity which can audit 
and certify the veracity of data submitted from 
an entity. A CCDB with a data warehouse can 
simplify the audit process since the ‘data trail’ in 
the database is inherently explicit. In the example 
shown in Fig.  9.4 , data to be submitted to a given 
registry would occupy one or several dimension 
tables in addition to the central fact tables.

   With this type of systems approach to CCDB 
organization, it would seem reasonable that an 

  Fig. 9.4    The Online Analytical Processing (OLAP) sys-
tem (Data Warehouse) star schema. Surrounding the fact 
table, and connected to it though primary to foreign key 
relationships, are any number of dimension tables (i.e. 
dim_CurrentStatus or dim_Geography). A fact table con-
tains all of the measurements of interest in analyzing a 
particular process or unit type. A cardiac center data ware-

house would very likely have separate fact tables for car-
diac catheterizations and echocardiograms. Examples of 
measures that would be stored for a cardiac catheteriza-
tion fact table would be fl uoroscopy time, contrast vol-
ume, age, and weight, and any other data that might be 
submitted to a registry, for instance       
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  Fig. 9.5    Fact table. The fact table would be representa-
tive of echocardiogram measures (Qty). In addition, each 
row in the echocardiogram fact table would also include 
the key value for each of the associated dimension tables. 
In this case, there would be one key for each echo row that 

pointed to the primary date key of the date dimension, one 
key that pointed to the primary technician key of the per-
son who performed the echocardiogram in the technician 
dimension, and one key that pointed to the primary echo-
cardiogram type key in the echo type dimension table       
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  Fig. 9.6    The cardiac center database. Data can arrive from 
any number of sources. Human interfaces can include smart 
phones, tablets, laptops, and PCs. Various machine systems 
connect through appropriate interfaces (hospital informa-

tion system via Health Level 7 [HIS via HL-7], Cardiology 
PACS via Open Database Connectivity, etc.). Outbound 
interfaces allow CCDB components to connect to the web, 
desktop clients, registries, and cloud aggregate databases       
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audit of the entire CCDB at regular time inter-
vals, with a resulting ‘clean bill of health’, allows 
a CCDB permission to submit to accepting regis-
tries until the next audit cycle. This type of audit 
could assure uniformity between institutional 
CCDB participants with regards to coding, data 
handling, practices and work fl ow. 

 Prior to submitting data to a registry the data-
base should run an internal error checking script. 
This would be performed to assure that there are 
no null values, date ranges are valid (make sure 
that admission dates are not prior to birth dates, 
etc.), and values generally fall within realistic 
ranges (i.e., hematocrit is not 139 %). The script 
produces a list of anomalies that can be double 
checked prior to submission. 

 A good registry interface from a CCDB will 
then do what any good interface does: promote 
and facilitate data submission, provide error 
checking, and organize and sort information.  

    On-Line Semantics Processing 
(OLSP) System 

 While not traditionally considered a core com-
ponent of advanced database systems, the OLSP 
system is an important component in the context 
of congenital heart disease databases. It creates 
and supports internal hierarchical structure build-
ing, translation and mapping. 

 From the psychological standpoint, we all do 
semantic processing when we understand the 
meaning of a word and can relate it to similar 
words with similar meaning. The computational 
meaning is similar. The OLSP system can look at 
code, understand the meaning behind the code, 
and relate it to similar codes with similar mean-
ings despite the fact that they may be from differ-
ent code sets. 

 The OLSP system resides between the trans-
actional layer and the data warehouse, as can 
be seen when registry tables are being stored 
in the data warehouse. All databases have an 
internal code set. For instance, the code set for 
a spreadsheet might consist of the address “A4,” 
referring to the fi eld in column “A” and row “4.” 
More sophisticated databases have more sophis-
ticated internal code sets, which may be defi ned 

by almost any variable, including an address (as 
in the spreadsheet example), a number, or a term 
such as “peak_sys_RV_pressure_echo_TR_jet_
estimate_apical4chamber.” The internal code set 
provides a ground, a basis and framework with 
which to begin relating different sets of codes. 

 This allows the OLSP system to relate any other 
outside codeset, database, or machine interface to 
the transactional (OLTP) system. In fact, an effec-
tive OLSP system resides in the middle of just 
about every transaction in the CCDB (Fig.  9.6 ). 

 The OLSP is essentially an intelligent map-
ping system, which understands hierarchical code 
set organization and facilitates rapid ‘translation’ 
between different systems. While interfaces can 
be built for each different data source, an effec-
tive OLSP system can otherwise ameliorate the 
need for new and unique interface construction 
requisite with the acquisition of new systems and 
hardware. The OLSP system adds fl exibility and 
robustness, and benefi ts from the integration of 
artifi cial intelligence.  

    Artifi cial Intelligence 

 Once data are extracted, transformed, and loaded 
into the data warehouse, knowledge discov-
ery is the next crucial step. In addition to stan-
dard statistical analysis, signifi cant advances in 
 automated understanding and interpretation of 
large amounts of data have been made in recent 
years. This fi eld of research, known as Artifi cial 
intelligence (AI), includes the use of intelligent 
agents, artifi cial neural networks, Bayesian belief 
networks, and other machine learning algorithms. 
These tools are used to transform discrete data 
into actionable knowledge, and can be imple-
mented with data sets of almost any size [ 10 ]. 

 Intelligent agents [ 11 ] are autonomous soft-
ware programs which accommodate new prob-
lem solving rules adaptively in real time. They 
can sense and interact with their environment, 
and are able to develop goal-directed behav-
ior based upon the combination of their current 
environment and prior positively reinforced goal- 
seeking actions. 

 Artifi cial neural networks [ 12 ] are similar to 
intelligent agents, except that they are designed 
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to solve only one specifi c problem. Neural net-
works can be thought of as “black boxes,” since 
neural networks are initially provided with train-
ing data representing groups of inputs along with 
corresponding decisions classifi cations (correct 
outputs). Neural networks then build an internal 
model utilizing any approach that maximizes cor-
rect decision classifi cations. Once trained, a neural 
network always uses the learned model to make 
decisions. When faced with new or additional 
data, an artifi cial neural network will persist in its 
trained pattern until such time as it is retrained to 
be able to handle the new or  additional data. 

 Bayesian Networks are conditional probabi-
listic models based on Bayes Theorem [ 13 ]. If 
provided with a  directed acyclic graph  (decision 
state diagram) and prior probabilities, a Bayesian 
network will make likelihood predictions based 
upon current (posterior) information. Bayesian 
networks can work with relatively smaller data 
sets. Such models can be trained with either real 
data or a probability estimate if no actual prior 
data exists. As a Bayesian network is trained it 
will become more accurate with its probability 
estimates. The power of a Bayesian network is in 
its ability to provide more accurate probabilities 
of remaining variables as known classifi cations 
of other variables become facts. For instance, if 
a patient presents with pulmonary atresia and an 
intact interventricular septum (PAIVS), the physi-
cian will know if that patient is male or female. 
That variable is then changed from a probabil-
ity (56 %/44 %) to a fact (100 % probability of 
female). All other remaining conditional prob-
abilities (in this case mortality) are then recalcu-
lated more accurately based upon the uncertainty 
of gender being removed. 

 For analyzing large amounts of data, other 
standard machine learning techniques are use-
ful, including classifi cation, association, clus-
tering, and numeric prediction. Classifi cation is 
a structured machine learning method in which 
software learns how to predict new categori-
cal dependent variables based upon previously 
learned examples. Association is an unstruc-
tured machine learning technique in which any 
interesting relationships, between all attributes, 
is sought. Clustering is a machine learning 

technique that combines individual variables 
into coherent groups that seem to fall naturally 
together. Numeric Prediction is a machine learn-
ing technique that builds models that accurately 
predict numeric values based upon previously 
learned examples.  

    The Cloud 

 With the above tools available to institutions, 
each one having a sophisticated CCDB, it can be 
seen that the potential for sharing large amounts 
of certifi ed, coded, and similarly organized data 
is greatly facilitated. In fact, the potential amount 
of data shared could dwarf the data contained in 
any single registry. Properly de-identifi ed, certi-
fi ed inter-institutional data could be pooled and 
analyzed, in essence creating ‘virtual registries.’ 
Data parameters could be identifi ed to study a 
particular quality or outcome study, and large 
amounts of certifi ed data from large numbers of 
patients could be available to immediately study 
the question. While these types of studies are not 
truly prospective, if care is taken when collecting 
and storing the data then data collection is in a 
way already blinded and prospective.   

    Summary 

 What data are pediatric cardiologists interested 
in putting into a departmental database? Given 
the diversity of pediatric cardiology practice, the 
easy, glib and likely true answer is “all of it.” 

 The desire to understand outcomes and the 
need for continued quality improvement are 
prime drivers for the development of effective 
registries and databases. Pediatric Cardiology 
interests include understanding both surgical 
and catheter based procedure outcomes, as well 
as non-procedure based indices such as track-
ing carotid artery intimal thickness in preven-
tative cardiology clinics and understanding the 
cumulative risk of necrotizing enterocolitis 
factoring for prematurity, mean arterial blood 
pressure, and feeding rates in babies with con-
genital heart disease. 
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 The Cardiac Center Departmental Database will 
ideally collect and organize data from inpatient 
and outpatient patient encounters, the operating 
room, cardiac catheterization laboratory, electro-
physiology laboratory, exercise laboratory, imag-
ing encounters (echo, MRI, computed tomography 
[CT], etc.), hospital chemistry and hematology 
laboratories, pathology and genetics laboratories, 
and any other connected system of interest. 

 Good data collection will facilitate not only 
understanding outcomes and quality measures, 
but improve our knowledge of aspects of patho-
physiology and wellness. While it is of course 
important to track changes in the physical exam, 
ECG, echocardiogram, and MRI/CT it is also 
important to track feedings, collect parent reports 
and follow serial neurologic tests. This means 
that data collection should occur not only from 
within a hospital, but from outside locations as 
well. Cloud and web-based interfaces to and from 
the CCDB will facilitate data collection directly 
from patients’ homes and primary care physician 
offi ces. The opportunity to build educational and 
data collection protocols into outside home and 
physician offi ce interfaces means that quality of 
care for cardiac patients can be incrementally 
improved while at the same time the amount of 
coded observational information available for 
analysis can be increased. 

 Human-database interfaces often rely on 
structured reporting, which has at least a par-
tially deserved reputation for being insuffi ciently 
fl exible and incomplete. While it is likely that 
structured reporting is here to stay in one form 
or another, semantic interfaces which can search 
text fi les for information are becoming increas-
ingly common. These semantic interfaces could 
use natural language processing [ 14 ] to coded 
database entries from raw text fi les. Data gathered 
in this fashion needs to be fastidiously verifi ed, 
but this technique holds promise for increasing 
the information gathered into a CCDB. 

 Ideally, every datum should be coded from the 
moment it enters a database. The underlying code 
set of a departmental CCDB need not be identical 
to any particular registries or published code set, but 
it does need to translate into various registry (STS, 
CCISC, IMPACT, EACTS) and common external 

code sets (International Pediatric and Congenital 
Cardiac Code [IPCCC]). The internal CCDB code 
set should therefore be as granular as possible to 
allow for the highest internal data resolution. 

 We are living in an age of change- the Silicon 
Revolution- at least as signifi cant if not more so 
that the Industrial Revolution. It is truly impossible 
to anticipate all of the possibilities and opportuni-
ties in front of us. We have the ongoing challenge 
of building the best “systems of care” to take 
the best care of our patients. These systems will 
integrate machines, databases, physicians, health 
care professionals, schools, families and patients 
to provide cutting edge, top tier therapies for the 
most complex diseases. This is a good time to be 
practicing medicine. And we will make it better.     
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    Abstract  

  The Joint Congenital Cardiac Anesthesia Society-Society of Thoracic 
Surgeons Congenital Cardiac Anesthesia Database is a multi-institutional 
registry that tracks variables related to the anesthetic management of 
patients with pediatric and congenital cardiac disease. This registry is an 
optional module of The Society of Thoracic Surgeons Congenital Heart 
Surgery Database and is part of the Congenital Cardiac Anesthesia 
Society’s commitment to patient care and research on outcomes improve-
ment. Patients in the registry include not only cardiac surgical patients but 
also those with pediatric and congenital cardiac disease undergoing proce-
dures in locations other than the operating room, including in the cardiac 
catheterization laboratory, intensive care unit, general operating room, and 
radiology suite. Because of the relative infrequency of anesthesia-related 
events in this low-volume procedure, a multi- institutional database is the 
most reasonable approach to capture a suffi cient number of patient encoun-
ters in a timely manner to support outcomes analysis, quality assessment, 
and quality improvement. 

 Children undergoing repair of congenital heart defects are among the 
sickest population treated by anesthesiologists. The incidence of compli-
cations such as cardiac arrest related to anesthesia is proportionally much 
higher, the diffi culties associated with airway and vascular access are well 
known, and the time and money spent on their care is substantial. To date 
there have been no systematic reviews of their anesthetic care and the 
associated complications, particularly those that do not result in cardiac 
arrest. The Joint Congenital Cardiac Anesthesia Society-Society of 
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Thoracic Surgeons Congenital Cardiac Anesthesia Database marks the 
fi rst real-time picture of the “state-of-the-art” of anesthetic care for patient 
with pediatric and congenital cardiac disease. This information will help 
guide future care as well as provide better information for the patients and 
their families.  

  Keywords  

  Anesthesia   •   Pediatric cardiac disease   •   Congenital cardiac disease   •   Joint 
Congenital Cardiac Anesthesia Society-Society of Thoracic Surgeons 
Congenital Cardiac Anesthesia Database  

        Background 

 Anesthesia for patients with congenital heart 
 disease (CHD) is a frequent occurrence in chil-
dren’s hospitals as well as outpatient surgical 
centers and clinics worldwide. While many of the 
procedures are specifi cally related to the patient’s 
heart defect, it is also common for these patients 
to undergo diagnostic and therapeutic interven-
tions unrelated to their heart defect. Multiple 
investigations have now shown that this patient 
population is particularly vulnerable to anesthe-
sia-related complications both in the cardiac 
operating rooms and in other locations as com-
pared to the non-CHD patients [ 1 – 4 ]. There are 
ongoing discussions within the pediatric cardiac 
anesthesia community about both where and who 
should be caring for these patients and about 
stratifying patients into higher- and lower-risk 
populations. For example, a patient with an unre-
paired ASD, restrictive VSD or other stable two-
ventricle lesions probably represent a different 
risk group than those with pulmonary hyperten-
sion, single ventricle anatomy (functionally uni-
ventricular hearts), heart failure, severe aortic 
stenosis or shunt-dependent lesions. Until 
recently, data about improvements in outcomes 
in these patients has been limited due to the rela-
tive infrequency of cardiac arrest, the primary 
endpoint measurement of most outcome studies; 
meanwhile, almost nothing has been published 
about either associated morbidities or need-to-
rescue interventions that were successful. 
Improved outcomes, or at least fewer cardiac 

arrests, are potentially possible by identifying the 
higher-risk patients and involving physicians 
familiar with congenital cardiac physiology in 
their care early on to prevent problems before 
they arise [ 5 ]. Unfortunately, without continuous 
surveillance monitoring by external observers, it 
is exceedingly diffi cult to document “prevented” 
adverse events or “near-misses.” 

 Children’s Hospital Boston and the Mayo 
Clinic have previously published their single- 
center results of anesthesia-related cardiac arrest 
in congenital heart disease patients [ 1 ,  3 ,  6 ]. 
Odegard et al. have reported on cardiac arrests, 
defi ned as cessation of circulation requiring chest 
compressions, at their institution in both the car-
diac operating rooms and cardiac catheterization 
labs at Children’s Hospital Boston. Their fi rst 
publication reviewed 5,213 cardiac surgical 
patients cared for over a 6 year period between 
January 2000 and December 2005, during which 
they found 41 episodes of cardiac arrest probably 
related to anesthesia in 40 patients for an overall 
frequency of 0.79 % [ 3 ]. All of these children 
were cared for by a dedicated congenital cardiac 
anesthesia group. Their second publication 
examined the anesthesia records of 7,289 cardiac 
catheterizations from 2004 to 2009 and found 70 
episodes of cardiac arrest (0.96 arrests per 100 
procedures), of which only seven were felt to be 
likely related to anesthesia or nurse-managed 
sedation with no mortality [ 6 ]. Faculty at the 
Mayo Clinic in Rochester, Minnesota reviewed 
the incidence of perioperative cardiac arrest in 
92,881 children undergoing all types of surgery 

D.F. Vener



143

at their facility from November 1988 to June 
2005. Four thousand two hundred forty-two of 
those patients were undergoing cardiac surgery 
during that 17 year period. They found that the 
incidence of cardiac arrest was 2.9 per 10,000 
patients in the non-cardiac procedures compared 
to 127 per 10,000 in the cardiac surgical group. 
Anesthesia was found to be the primary cause of 
the arrest in only 7.5 % of all the 80 recorded car-
diac arrests – the remainder due to factors other 
than anesthesia. Within the 80 patients who suf-
fered cardiac arrests under anesthesia, 88 % 
occurred in patients with a history of congenital 
heart disease, regardless of the type of surgery 
being performed – a testament to the critical 
nature of these patients regardless of the proce-
dure being performed. Anesthesia-related 
adverse events other than those leading to cardiac 
arrest are not discussed in any of these 
publications. 

 For pediatric anesthesia practitioners, the 
Peri-Operative Cardiac Arrest (POCA) Registry 
was one of the fi rst multi-site studies examining 
the etiology and incidence of cardiac arrests in 
children. The registry, which was active from 
1994 to 2005, was a voluntary reporting survey 
which compiled extensive data concerning car-
diac arrests in patients less than 18 years of age. 
Participating institutions agreed to provide the 
POCA investigators with detailed information 
any time a cardiac arrest, defi ned for their pur-
poses as the initiation of chest compressions or 
death, occurred. Independent examiners then 
determined whether the cardiac arrest was due to 
anesthesia-related factors versus non-anesthesia 
elements such as surgical manipulation. At vari-
ous times the POCA registry had between 58 and 
79 participants, ranging from free-standing pedi-
atric hospitals to pediatric units located within 
larger adult institutions. Comparing the two Peri- 
Operative Cardiac Arrest (POCA) Registry 
results from the initial publication in 2000 to the 
update published in 2007 clearly illustrates the 
effect of the changes in anesthesia practice over 
long time periods – a major fl aw in long-term 
longitudinal studies [ 4 ,  7 ,  8 ]. From the 1960s 
through the 1990s, the general anesthetic halo-
thane was commonly used despite its widely 

known negative inotropic and chronotropic 
effects. This agent was the only one then avail-
able that was well-tolerated for inhalation induc-
tion of anesthesia. Beginning in the late 1990s, a 
newer agent, sevofl urane, was introduced into 
practice in the United States. Like halothane, it is 
readily tolerated for inhalation induction of anes-
thesia but is not associated with the negative car-
diac effects at therapeutic levels that halothane is. 
In the 2000 report, containing data collected from 
1994 to 1997, medication-related cardiac arrests 
accounted for 37 % of the reported arrests, while 
the results from 1998 to 2004 showed a 
medication- related incidence of 18 %, which the 
authors largely ascribed to the decline in halo-
thane usage during this time period. 

 At its conclusion, the POCA registry had col-
lected information on 373 anesthesia-related car-
diac arrests. 127 of the 373 (34 %) patients 
determined to have an anesthesia-related event 
had congenital or acquired CHD. Ramamoorthy 
et al. examined the POCA data specifi cally to 
determine the effects of CHD on arrest etiology 
and outcomes [ 2 ]. They found that the 127 chil-
dren with underlying CHD were both sicker than 
their non-CHD counterparts and more likely to 
arrest from cardiovascular-related events. Fifty- 
four percent of the arrests reported in the POCA 
registry in children with CHD occurred outside 
of the cardiac ORs, while 26 % were from car-
diac ORs and 17 % in the cardiac catheterization 
labs. The lesion most associated with cardiac 
arrest was “single ventricle,” while those most 
likely to have the highest mortality were aortic 
stenosis and cardiomyopathy – the former can be 
very diffi cult patients to resuscitate once the 
arrest has occurred, while the latter is associated 
with a signifi cant incidence of sudden cardiac 
death [ 9 ,  10 ]. Because the POCA data did not 
have suffi cient information about the total num-
bers of procedures performed on children less 
than 18 years of age at the reporting institutions, 
the investigators could not determine an accurate 
incidence of arrest. Analysis by Ramamoorthy 
et al. of the POCA data led to their recommenda-
tion that those involved in the care of these chil-
dren understand the physiology of CHD, 
particularly those patients with unrepaired or 
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partially-palliated single ventricle as well as the 
pharmacodynamics of anesthetic agents in 
patients with impaired ventricular function [ 2 ]. 

 Outside of pediatric anesthesia there are at 
least two major multi-site collection efforts ongo-
ing utilizing Automated Anesthesia Information 
Systems (AIMS) data. The American Society of 
Anesthesiology’s Anesthesia Quality Institute 
has developed a National Anesthesia Clinical 
Outcomes Registry (NACOR) while the 
Department of Anesthesia at the University of 
Michigan has developed the Multicenter 
Perioperative Outcomes Group. Both systems 
utilize a complete download of de-identifi ed 
physiologic and anesthetic data from their par-
ticipating centers. This data harvest can then be 
“mined” extensively to determine relationships 
between anesthetic management strategies and 
physiologic readings and subsequent outcomes 
[ 11 – 13 ]. The knowledge gained from these pro-
cesses may eventually prove helpful in develop-
ing similar mechanisms of data-pooling for 
pediatric anesthesia.  

    Multi-Societal Collaboration 

 A considerable effort has been made over the last 
15 years to develop a common language for inter-
national usage for patients with pediatric and 
congenital cardiac disease. As congenital heart 
programs evolved over the years, cardiac lesions 
and their treatments took on a wide variety of 
names, occasionally refl ecting the embryological 
origin of the affected anatomy, the fi nal appear-
ance of the anatomy, and frequently an eponym 
for the name of the person most associated with 
fi rst describing either the lesion itself or its surgi-
cal repair. Thus, a Central Shunt, a “Melbourne” 
Shunt and a “Mee” Shunt all describe variations 
on a surgical procedure providing systemic blood 
fl ow to the pulmonary arterial system directly off 
of the aorta. As described in the chapter in this 
book by Franklin and colleagues titled: 
“ Nomenclature for Congenital and Pediatric 
Cardiac Disease :  Historical Perspectives and 
the International Pediatric and Congenital 
Cardiac Code ”, in 2000, an international group 

of physicians from multiple professional medical 
societies began to meet with the goals of develop-
ing a standardized global nomenclature for 
patients with pediatric and congenital cardiac 
disease, resulting in the creation of  The 
International Pediatric and Congenital Cardiac 
Code  ( IPCCC ) [  www.ipccc.net    ], which has stan-
dardized the nomenclature for congenital cardiac 
malformations and the procedures associated 
with their repair [ 14 ]. The IPCCC is maintained 
by  The International Society for Nomenclature 
of Paediatric and Congenital Heart Disease . 
Without this dictionary of terminology, it would 
be impossible to develop and implement data-
bases both nationally and internationally. The 
IPCCC is being incorporated into upcoming revi-
sion of the International Classifi cation of 
Diseases (ICD), ICD-11, and is freely available 
to interested users at   www.ipccc.net    . 

 These efforts have been expanded now to an 
international group of specialists including car-
diac surgeons, cardiologists, anesthesiologists, 
cardiac intensive care specialists, anatomists, 
nurses, and government representatives who 
meet annually as:  The Multi - Societal Database 
Committee for Pediatric and Congenital Heart 
Disease . The Multi-Societal Database Committee 
for Pediatric and Congenital Heart Disease meets 
annually to agree on defi nitions of database stan-
dards, strategies for linking databases across geo-
graphical, temporal, and subspecialty boundaries, 
and even the defi nition of complications associ-
ated with pediatric and congenital cardiac care 
[ 15 – 29 ].  

    The Joint Congenital Cardiac 
Anesthesia Society-Society 
of Thoracic Surgeons Congenital 
Cardiac Anesthesia Database 

 The Congenital Cardiac Anesthesia Society 
(CCAS), an affi liate of the Society of Pediatric 
Anesthesia, was formed in 2005. Its membership 
is open to anesthesiologists worldwide who 
either care for or have an interest in patients with 
congenital cardiac defects. Among its primary 
goals, the CCAS has committed to developing a 
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multi-site database covering anesthesia-related 
information in patients undergoing surgery or 
procedures in and out of the cardiac surgical 
suites, including non-cardiac surgery on patients 
with congenital heart disease (CHD). The CCAS 
chose to partner with the Society of Thoracic 
Surgeons’ Congenital Heart Surgery Database 
(STS-CHSD) because of the enormous amount 
of shared data elements as well as the STS’s long 
history of successful implementation of their 
databases. Because of our “shared” patient popu-
lation, the collaboration between the two societ-
ies was a natural fi t and strongly supported by the 
membership of both organizations. As part of 
the agreement, STS, for the fi rst time, allowed the 
collection of data from non-cardiac surgical and 
cardiology procedures occurring in patients with 
a history of congenital heart defects – which, as 
discussed above, is one of the major areas where 
anesthesia-related morbidity occurs [ 30 ,  31 ]. 

 The goal of the Joint CCAS-STS Congenital 
Cardiac Anesthesia Database is to provide a more 
“real-time” picture of the state of anesthetic care 
for these patients with pediatric and congenital 
cardiac disease, as well as information about 
 outcomes related to the incidence of anesthetic 
complications beyond cardiac arrest. Single-site 
analysis of this patient population requires years 
of data collection because of the relatively small 
number of cases at any one institution. Multi-site 
data collection will allow investigators to collect 
and analyze data from a much larger patient pop-
ulation and report the results back to the CCAS 
membership and participating institutions in a 
timely manner [ 17 ,  32 ].  

    Joint CCAS-STS Congenital Cardiac 
Anesthesia Database: Mechanisms 

 The STS data is harvested semi-annually in the 
Spring and Fall. The Spring harvest, typically 
occurring in mid-March, captures and reports data 
on a calendar year basis, while the Fall harvest does 
so on an academic July–June calendar. Programs 
may choose to report their data at one or both of the 
harvests, and “back-fi lling” of data from previous 
years is allowable and encouraged. The require-

ments and forms for becoming a  participant in the 
database are available online via the STS [ 33 ]. 
Because transmission of potential Private Health 
Information (PHI) is involved in the process, it is 
necessary for a business agreement to be in place 
prior to submission of data in order to be compliant 
with the Health Insurance Portability and 
Accountability Act of 1996 of the United States of 
America (HIPAA) Privacy and Security Rules [ 33 ]. 

 Groups submitting data for the anesthesia por-
tion of the STS-CHSD are responsible for paying 
a fl at $3,300 per annum, regardless of the number 
of anesthesiologists participating or the quantity 
and type of cases submitted. This fee is in addi-
tion to the surgical participation fee. The CCAS 
negotiated a fl at-fee with the STS because the tra-
ditional fee mechanism the STS had utilized, a 
charge for each surgeon and an additional charge 
per case submitted, would potentially discourage 
groups from participating because of the high 
annual costs. There are typically signifi cantly 
more anesthesiologists providing care in a given 
program to patients with pediatric and congenital 
cardiac disease than there are surgeons, as many 
institutions utilize their cardiac anesthesiologists 
to cover “remote” locations such as cardiac cath-
eterization labs, intensive care units, and diag-
nostic and interventional radiology suites, as well 
as care for patients with pediatric and congenital 
cardiac disease undergoing non-cardiac proce-
dures. At other locations, the cardiac anesthesia 
care team is an integral part of the overall anes-
thesia staffi ng and many physicians may rotate 
only intermittently into the cardiac operating 
rooms. At Texas Children’s Hospital in Houston, 
Texas, for example, there are currently 12 cardiac 
anesthesiologists and 5 congenital heart sur-
geons. In addition to the three cardiac ORs, the 
cardiac anesthesia group is responsible for three 
cardiac catheterization labs, Cardiac ICU cover-
age, and one radiology site, as well as acting as 
consultants for the non-cardiac operating rooms 
when patients with pediatric and congenital car-
diac disease receive care for their for non-cardiac 
procedures. Additionally, there are several more 
anesthesiologists in the general anesthesia divi-
sion with extensive cardiac experience who rou-
tinely provide care for cardiac patients having 
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non-cardiac procedures in the inpatient and 
 outpatient operating rooms. Each of these physi-
cians must sign the business agreement before 
their data can be submitted. It was felt that a fi xed 
fee approach would encourage greater participa-
tion and enrollment of patients, especially among 
those being cared for outside of the cardiac oper-
ating rooms, by not fi nancially penalizing institu-
tions for reporting on this critical information. 

 It is necessary to have the appropriate software 
to collect and transmit the data to the Duke 
Clinical Research Institute (DCRI), the data ware-
house and analytic center for the STS- CHSD. All 
STS-approved vendors for the STS- CHSD are 
required to include the anesthesia data elements 
as part of their software package, so there should 
be no additional fees associated with that element 
of the data management. Some programs have 
chosen to utilize locally developed software not 
commercially available in order to retain access to 
historical data collected prior to their participation 
in the STS-CHSD. These programs must follow 
the same guidelines as commercial products and 
undergo the same data validation and testing. 
Meanwhile, other  programs who utilize commer-
cially available software have transferred their 
historical data into their new commercially avail-
able vendor supplied software. 

 The most expensive component of any data-
base is the manpower involved in accurately col-
lecting and entering the data. Data entry may be 
completed by surgeons, anesthesiologists, car-
diac perfusionists, nurses, research assistants or 
any combination of the above. In some institu-
tions the data is entered directly into the software, 
some collect the data on paper records for later 
entry, while still other sites abstract the data from 
the records post-operatively [ 34 ]. 

 Unlike the surgical data elements, the CCAS at 
this time has not committed to a mechanism of data 
audit to ensure both data completeness and accu-
racy. This is a conscious decision on the part of the 
CCAS Database Committee as various programs 
are working out the mechanics of their anesthesia 
data entry and the extent to which they will submit 
data. Ideally, all patients with pediatric and con-
genital cardiac disease are being entered at a given 
site, but for a combination of factors including 

manpower and training, some participating sites 
are currently only entering the cases performed in 
the cardiac operating room, while participating 
sites are including the procedures performed in the 
cardiac catheterization lab but not other hospital 
locations [ 20 ]. Regardless, in order to submit the 
anesthetic data, the cardiac surgical program at the 
submitting hospital must be a participant in 
the STS-CHSD. In other words, for a program to 
participate in the Joint CCAS-STS Congenital 
Cardiac Anesthesia Database, the program must 
also participate in the STS-CHSDB itself.  

    Joint CCAS-STS Congenital Cardiac 
Anesthesia Database: Data 
Reporting and Analysis 

 Anesthesia departments participating in the Joint 
CCAS-STS Congenital Cardiac Anesthesia 
Database receive their individual Feedback 
Reports approximately 2 months after the close 
of data submission in the Spring and Fall. The 
report consists of two sets of data:
•    The site specifi c data and  
•   The aggregate national values.    

 Uses for the data include tracking personnel 
activity, the occurrence of complications, statis-
tics about usage of medications, time to extuba-
tion, and other important variables. As is the case 
with the surgical data, participants do not receive 
information about other locations except in the 
context of the pooled aggregate national values, 
and occasionally deidentifi ed hospital specifi c 
data. This precludes a site from directly compar-
ing their outcomes against another specifi c indi-
vidual site. The business agreement between the 
sites and the STS explicitly forbids this sort of 
site-to-site comparison. The anesthesia report is 
developed by members of the CCAS Database 
Committee and represents an abstract of the sub-
mitted data elements felt important to report, 
such as types of medications, monitoring modali-
ties, airway management, and complications. 
Data is broken down into three sections:
•    An overall anesthesia report,  
•   A section specifi c to cardiac operating room 

cases (both on-pump and off-pump), and  
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•   A section on non-cardiac OR cases specifi cally 
from the cardiac catheterization laboratory.    
 All sites “own” their own data at all times and 

are free to conduct whatever research or publica-
tions on it that they desire (with appropriate IRB 
approval). Sites are also welcome to request 
from DCRI specifi c information from the 
national data. Any requests for data from the 
overall database are routed through the STS 
Access and Publications Task Force Congenital 
Subcommittee, which includes a representative 
from CCAS.  

    Joint CCAS-STS Congenital Cardiac 
Anesthesia Database: Dataset 
Management 

 The Joint CCAS-STS Congenital Cardiac 
Anesthesia Database went “live” on January 1, 
2010 after several years of development and pro-
gramming. The data set in use through December 
31, 2013 is available through the STS website, as is 

the newer dataset which went into operation on 
January 1, 2014 [ 35 ]. The data specifi ed for collec-
tion is reviewed on a triennial basis, with the latest 
version, operationalized on January 1, 2014, also 
available through the STS website. As users have 
gained experience with the database, changes have 
been made in this next iteration to “bundle” some 
drug categories and simplify data entry, while 
expanding other drug categories such as pulmo-
nary vasodilators, antifi brinolytic agents, and pro-
coagulant medications. The CCAS Database 
Committee has been in communication regularly to 
facilitate these changes and communicate them to 
the STS-CHSD Task Force. Efforts have also been 
made to eliminate the redundancy of data entry 
between the surgical side of the data set and the 
anesthesia portion. For example, blood component 
usage and near infrared spectroscopy data was pre-
viously collected in both areas, but is now concen-
trated in the anesthesia section in version 3.2, the 
most recent iteration which became effective in 
January 2014. Table  10.1  includes the listing and 
defi nition of the adverse events being collected in 

   Table 10.1    Adverse anesthesia event categories in joint CCAS-STS database (v3.2)   

 Event  Defi nition 

 None  No anesthesia-related adverse events noted in the perioperative period 
 Oral/nasal injury-bleeding  Bleeding noted in oropharynx or epistaxis, dental, lip or nasal injury 
 Respiratory arrest  Need to intervene in airway management in unplanned way (i.e. converting 

from cannula to ETT or LMA to ETT) 
 Laryngospasm requiring medication  Laryngospasm requiring medical intervention other than positive pressure 
 Diffi cult intubation/reintubation  Unplanned diffi cult intubation or reintubation 
 Bronchospasm  Wheezing requiring medical intervention other than suctioning 
 Hemoptysis/pulmonary hemorrhage  Bleeding either from endotracheal tube or post-op hemoptysis 
 Stridor/subglottic stenosis  New onset stridor noted after extubation requiring intervention 
 Extubation  Unplanned extubation (except if TEE-Related (see below) 
 Endotracheal tube migration  Endotracheal tube needing to be repositioned in ICU on arrival CXR 
 Airway injury  Barotrauma/pneumothorax secondary to positive pressure ventilation 
 Pulmonary hypertensive crisis  Probable or defi nite PH crisis requiring intervention 
 Unplanned need to remain intubated 
due to anesthesia 

 Need to remain intubated at conclusion of procedure due to anesthesia factors 
(oversedation, muscle relaxation) 

 Hypercyanotic episode (Tet spell)  Hypercyanotic episode (decrease in SpO2 >20 % from baseline) requiring 
intervention other than establishing airway (“Tet” Spell) 

 Arrhythmia – CVL placement  Arrhythmia therapy needed other than withdrawing wire or catheter 
 Myocardial injury – CVL placement  Myocardial perforation 
 Vascular compromise – CVL 
placement 

 Extremity ischemia or compromise with CVL placement 

 Pneumothorax – CVL placement  Pneumothorax during placement of CVL 

(continued)
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Table 10.1 (continued)

 Event  Defi nition 

 Vascular access  Inability to obtain desired all desired vascular access within 1 h of induction 
anesthesia (PIV/Aline/CVL) 

 Hematoma requiring relocation of 
catheter 

 Signifi cant Hematoma that requires changing site of desired access 

 Arterial puncture  Inadvertent arterial puncture during CVL placement 
 Intravenous/intraarterial air 
embolism 

 Air embolism causing hemodynamic change or ischemia 

 Arterial line placement – extremity 
ischemia 

 Extremity ischemia or compromise with arterial line placement 

 Intravenous infi ltration  Peripheral or central IV infi ltration 
 Bleeding – regional anesthestic site  Bleeding at site of regional anesthetia 
 Intrathecal puncture – regional  Inadvertent intrathecal puncture during caudal or epidural placement 
 Local anesthetic toxicity – regional  Systemic evidence of local anesthesia toxicity (ECG changes, CNS changes) 
 Neurologic injury – regional  Injury to peripheral nerve during regional nerve block 
 Anaphylaxis/anaphylactoid reaction  Suspected anaphylactic/anaphylactoid reaction requiring intervention for 

either hemodynamic support or respiratory intervention 
 Non-allergic drug reaction  Non-anaphylactic reaction such as “Red Man” syndrome or hypotension 
 Medication administration  Wrong medication administered 
 Medication dosage  Wrong dosage of correct medication 
 Intraoperative recall  Recall of intraoperative events 
 Malignant hyperthermia  Suspected or confi rmed MH reaction requiring dantrolene 
 Protamine reaction  Signifi cant reaction to protamine requiring intervention other than slowing 

administration 
 Cardiac arrest – anesthesia related  Cardiac arrest requiring CPR during anesthesia care NOT related to surgical 

or catheter manipulation 
 Cardiac arrest – not anesthesia 
related 

 Cardiac arrest requiring CPR during surgical or catheter manipulation 

 TEE-related esophageal bleeding/
injury 

 TEE-related esophageal bleeding noted during or after TEE removal 

 Esophageal chemical burn  TEE-related injury to esophageal mucosa due to TEE cleaning chemicals 
 TEE-related airway compromise  TEE-related compromise of ventilation or oxygenation requiring removal of 

TEE 
 TEE-related extubation  TEE-related inadvertent extubation of patient 
 Complications during patient 
transfer 

 Any event occurring during movement of patient into/out of procedure, such 
as loss of IV or arterial line, airway compromise, disconnection of lines 

 Peripheral nerve injury due to 
positioning 

 Temporary or permanent nerve injury noted post- operatively due to 
positioning during procedure 

 Integument injury under anesthesia  Skin breakdown or dehiscence or alopecia noted post-operatively due to 
positioning during procedure 

 Ocular injury (corneal abrasion or 
injury) 

 Ocular injury noted post-operatively such as corneal abrasion 

 Post-operative nausea/vomiting  PONV requiring unplanned admission 
 Emergence delirium requiring 
medication 

 Emergence agitation or delirium requiring medication 

 Anesthesia equipment malfunction/
failure 

 Any anesthesia equipment malfunction or failure during procedure 

 Other  Any event related to anesthesia care not otherwise listed 
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version 3.2. Updates have been made in this  version 
to better clarify specifi c adverse events as well as 
include events not previously listed.

       Joint CCAS-STS Congenital Cardiac 
Anesthesia Database: Results 

 The Fall 2013 Harvest of the Joint CCAS-STS 
Congenital Cardiac Anesthesia Database includes 
operations from January 1, 2010 to June 30, 
2013, inclusive, and includes information from 
37 programs. These programs were diverse in 
both geographic location and in case volume. A 
total of 41,008 discrete records had been submit-
ted for the 42 months since the inception of the 
Joint CCAS-STS Congenital Cardiac Anesthesia 
Database on January 1, 2010, covering a wide 
spectrum of surgical types and ages. These data 
include:
•    26,953 cardiac surgery procedures,  
•   7,532 interventional cardiology procedures, and  
•   6,523 anesthetics for “Non-Cardiac, Non- 

Thoracic Procedure on a Cardiac Patient with 
Cardiac Anesthesia.”    
 As mentioned, the latter cases will include 

everything from radiologic procedures to bron-
choscopies to general surgeries such as a Ladd’s 
Procedure on a patient with heterotaxy or a tra-
cheostomy on a ventilator-dependent cardiac 
patient. 

 The overall anesthesia-related adverse event 
rate was 1.9 %, with unexpected diffi culty with 
intubation or reintubation being the highest 
reported complication (0.4 %) followed by vas-
cular access taking more than 1 h (0.3 %). Cardiac 
arrest not due to surgical manipulation occurred 
in 76 cases (0.2 %). The full range and incidence 
of complications reported to date is shown in 
Table  10.2 . Because the reporting is voluntary 
and there is no audit process in place for the Joint 
CCAS-STS Congenital Cardiac Anesthesia 
Database at this time, there is no way to verify the 
completeness or accuracy of the data and there is 
a likely bias towards underreporting. With suffi -
cient time and funding however, it is hoped that 
the Joint CCAS-STS Congenital Cardiac 
Anesthesia Database will become part of the STS 

audit process. Another mechanism for ensuring 
data completeness and accuracy would be the 
integration of AIMS information similar to the 
Multicenter Perioperative Outcomes Group or 

   Table 10.2    CCAS reported adverse events (January 
2010–June 2013)   

 Event 
 N= 

 % of 
total 

 None/missing  40,218  98.1 
 Any event  790  1.9 
  Dental injury  8  0.0 
  Respiratory arrest  22  0.1 
  Diffi cult intubation/reintubation  145  0.4 
  Stridor/sub-glottic stenosis  56  0.1 
  Inadvertent extubation  26  0.1 
  Endotracheal tube malposition  23  0.1 
  Airway injury/barotrauma  10  0.0 
  CVP-arrhythmia  15  0.0 
  CVP-myocardial injury  0  0.0 
  CVP – vascular compromise  25  0.1 
  CVP – pneumothorax  1  0.0 
  Vascular access >1 h  141  0.3 
  Access related hematoma  21  0.1 
  Inadvertent arterial puncture  61  0.1 
  IV/IA air embolus  1  0.0 
  Regional anesthesia – bleeding  1  0.0 
   Regional anesthesia – intrathecal 

puncture 
 0  0.0 

   Regional anesthesia – local 
anesthesia toxicity 

 0  0.0 

   Regional anesthesia – neurologic 
injury 

 1  0.0 

   Anaphylaxis/anaphylactoid 
reaction 

 35  0.1 

  Non-allergic drug reaction  22  0.1 
  Medication error – wrong drug  13  0.0 
  Medication error – wrong dose  19  0.0 
  Intraoperative recall  2  0.0 
   Suspected malignant 

hyperthermia 
 1  0.0 

  Protamine reaction  32  0.1 
   Cardiac arrest – unrelated to 

surgery 
 76  0.2 

   TEE-related – esophageal 
bleeding/injury 

 13  0.0 

  TEE-related – chemical burn  0  0.0 
  TEE-related – airway compromise  48  0.1 
  TEE-related – extubation  16  0.0 
  Patient transfer event  8  0.0 
  Peripheral neurologic injury  17  0.0 
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the NACOR data [ 8 ,  9 ]. These data could be 
 fi ltered appropriately and fed directly into STS- 
compliant software, eliminating much of the leg-
work required currently to enter data manually, 
and largely eliminating the inherent bias involved 
in selective reporting of cases or underreporting 
of adverse events.

       Diffi cult Intubation 

 A recent large review of intubation in 11,219 
pediatric patients from Germany showed that 
patients undergoing cardiac surgery were associ-
ated with a signifi cantly higher rate of diffi culty 
with laryngoscopy visualization (Grade III/IV 
laryngoscopy view with an age-appropriate 
Macintosh blade) [ 36 ]. The Spring 2012 
Feedback Report of the Joint CCAS-STS 
Congenital Cardiac Anesthesia Database showed 
a self-reported incidence of “diffi cult intubation 
or re-intubation” of 62 cases out of 17,047 car-
diac surgical records (0.4 %), which appears to 
be lower than that reported in previous case series 
[ 37 ]. For the purposes of our dataset, we 
attempted to focus our defi nition on “unexpected” 
diffi cult intubation rather than capture those 
patients who were known or suspected to have 
diffi cult to manage airways. This may account 
for the observed discrepancy.  

    Arterial and Venous Line Placement 
and Complications 

 Patients undergoing congenital heart surgery can 
be particularly diffi cult to obtain both peripheral 
and central venous access and arterial access due 
to their need for repeated access both in the hos-
pital and the cardiac catheterization laboratory. 
Many of these patients have had thromboses in 
major vessels over the course of their treatments 
or repeated access causing scarring or collateral 
formation. As a result, line placement intra- 
operatively can take a signifi cant amount of time 
after induction of anesthesia and may require sur-
gical placement of lines such as radial or ulnar 
arterial catheters. Additionally, both central 

venous and arterial line attempts are associated 
with a signifi cant number of complications which 
may impact both patient morbidity and mortality 
as well as adding to hospital length of stays, 
including vessel injury and thrombosis, myocar-
dial injury, catheter-related blood stream infec-
tions, arrhythmia, chylothorax and others 
[ 38 – 42 ]. The Joint CCAS-STS Congenital 
Cardiac Anesthesia Database collects informa-
tion on many of these events, particularly those 
occurring in the perioperative period such as 
venous or arterial occlusion, hematoma forma-
tion, arrhythmias, or other complications. 
Additionally, a “complication” category of diffi -
culty with line access requiring more than 1 h 
after induction of anesthesia is included to try 
and document the incidence of this event occur-
ring, even though it does not necessarily repre-
sent an adverse event. The new Version 3.2 of the 
Joint CCAS-STS Congenital Cardiac Anesthesia 
Database includes information about whether 
ultrasound guidance was utilized in the place-
ment of arterial, venous, or both catheters. Based 
on practice patterns observed at Texas Children’s 
and discussions with other providers, it appears 
that the need for surgical arterial cutdowns is 
decreasing as ultrasound utilization for this pro-
cedure is increasing. Additionally, many sites are 
now taking advantage of this technology to aid in 
peripheral intravenous line placement both pre-
operatively by specially trained IV teams and in 
the operating room and other sites by anesthesi-
ologists [ 43 ].  

    Future Developments 
and the Unique Patient Identifi er 

 Management and interpretation of data will be a 
critical component in providing members of 
CCAS with accurate information about the current 
state of anesthetic care and will provide direction 
for future research. It is hoped that the CCAS-STS 
collaboration will serve as a model for incorporat-
ing other specialties into the dataset with the goal 
of creating a “cradle-to-grave” model [ 44 ]. 
Because cardiac patients may see multiple provid-
ers at multiple locations over their lifetime, 
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 members of the STS-CHSD Task Force are 
 striving to collaborate with other subspecialties 
and professional organizations including The 
National Institutes of Health and The American 
College of Cardiology in order to develop a Unique 
Patient Identifi er (Global Unique Identifi er or 
GUID) based upon other variables in the medical 
record. This confi dential alphanumeric identifi er, 
which could potentially be calculated at any treat-
ing site, could then be used to track an individual 
patient across multiple care locations and time. 
Efforts are also ongoing to link records in the STS-
CHSD to the Social Security Master Death File 
and National Death Index. Duke University’s IRB, 
which covers the research activity at DCRI, has 
reviewed the ongoing submission of unique identi-
fi ers to the STS- CHSD and found this activity to 
be within the guidelines of the Health Insurance 
Portability and Accountability Act of 1996 of the 
United States of America (HIPAA), as has outside 
 counsel retained by the STS to evaluate the pro-
cess [ 45 ]. Nonetheless, not all programs are able 
yet to provide access to these unique identifi ers 
because of local HIPAA-related concerns. Many 
Institutional Review Boards (IRBs), whose per-
mission is required, have balked at this level of 
submission of data, despite the presence of a 
signed business contract. Commercial vendors 
supporting the STS-CHSD have included func-
tionality in their software to “strip” the unique 
identifi ers from patient records prior to transmis-
sion of data to DCRI for those programs unable to 
share these data with DCRI. 

 As described in the chapter in this book by 
Morales and colleagues titled: “ Use of National 
Death Registries to Empower Databases in 
Reporting Longitudinal Follow - up ”, efforts are 
ongoing to transform the STS-CHSD into a plat-
form for longitudinal follow-up. It is only through 
this process that the STS-CHSD will be able to 
determine accurately the long-term mortality and 
morbidity associated with the treatments of 
patients with pediatric and congenital cardiac 
disease. For example, a patient with hypoplastic 
left heart disease will typically undergo at least 
three major cardiovascular surgical procedures 
and numerous non-surgical procedures prior to 
age 4, sometimes at multiple institutions. If this 

patient happens to suffer a major morbidity or 
mortality after discharge from the hospital at any 
time, the institution(s) where the procedures were 
performed may have no way to record these data 
in their current STS-CHSD. Alternatively, if a 
patient undergoes a procedure at Hospital A and 
then is subsequently admitted to Hospital B due 
to complications or the need for revision, then the 
patient may be included in two separate data sets. 
The Unique Patient Identifi er (Global Unique 
Identifi er or GUID) is an attempt to control for 
these not uncommon scenarios and present a 
more accurate picture of the time course of vari-
ous cardiac defects and their repairs. Including 
anesthetic data in this process will help augment 
the time-course of these patients and the various 
interventions involved in their care by adding 
more data elements beyond cardiac surgery.  

    Conclusion 

 Children undergoing repair of congenital heart 
defects are among the sickest population 
treated by anesthesiologists. The incidence of 
complications such as cardiac arrest related to 
anesthesia is proportionally much higher, the 
diffi culties associated with airway and vascu-
lar access are well known, and the time and 
money spent on their care far outweighs their 
numbers. To date there have been no system-
atic reviews of their anesthetic care and the 
associated complications, particularly those 
that do not result in cardiac arrest. The Joint 
CCAS-STS Congenital Cardiac Anesthesia 
Database marks the fi rst real-time picture of 
the “state-of-the-art” of anesthetic care for 
patient with pediatric and congenital cardiac 
disease [ 46 ]. This information will help guide 
future care as well as provide better informa-
tion for the patients and their families.     
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the Outcomes of the Treatment 
of Patients with Congenital 
and Pediatric Cardiac Disease: 
The Perspective of Critical Care 
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    Abstract  

  Several barriers exist that make measuring critical care outcomes and 
quality a challenge. Particularly in the fi eld of pediatric cardiac critical 
care it can be diffi cult to disentangle an intensive care unit’s contribution 
to patient outcome from those of other services (e.g. surgery), and appro-
priate risk-adjustment remains an elusive goal. Databases provide a key 
source of information that can be used to overcome some of these barriers. 
We explain the key database components necessary to provide clinicians 
and researchers with the foundation to measure and improve quality in this 
clinical arena. Databases that are currently used in the critical care com-
munity are described, including the Virtual PICU System (VPS) database. 
The chapter concludes with a discussion of how to move from simply 
assessing patient outcomes using databases to achieving quality improve-
ment through collaborative. We review new collaborative in pediatric car-
diac critical care and cardiac surgery, the Pediatric Cardiac Critical Care 
Consortium (PC4), that is implementing the lessons learned from success-
ful quality improvement pioneers.  
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        Introduction 

 Pediatric cardiac critical care’s maturation as a spe-
cialty almost certainly has contributed to improve-
ments in morbidity and mortality after pediatric 
and congenital heart surgery observed in the mod-
ern era [ 1 ]. Yet, critical care specialists still seek a 
deeper understanding of the impact intensive care 
interventions and morbidities have on short- and 
long-term patient outcomes in children and adults 
with critical cardiovascular disease. In order to 
build upon the progress made to-date, pediatric 
cardiac critical care clinicians and scientists will 
need robust data infrastructures to measure cardiac 
critical care outcomes, assess quality of care, and 
test new interventions. The pediatric cardiac criti-
cal care community faces inherent challenges to 
achieving these goals. However, multi-disciplinary 
databases that offer solutions are being created. 

 This chapter begins with a framing of the bar-
riers to measuring critical care outcomes and 
quality, focusing on the challenge of disentan-
gling critical care’s contribution to patient out-
come from other services (e.g. surgery) and on 
the issue of risk-adjustment. Key components for 
a successful critical care database are explained. 
Databases that are currently used in the critical 
care community are described, including the 
Virtual PICU System (VPS) database that has 
been used to track general pediatric critical care, 
and more recently cardiac critical care, outcomes 
in North America. The chapter concludes with a 
discussion of how to move from simply assessing 
patient outcomes using databases to achieving 
quality improvement through collaborative learn-
ing. A new collaborative in pediatric cardiac criti-
cal care and cardiac surgery, the Pediatric Cardiac 
Critical Care Consortium (PC 4 ), is implementing 
the lessons learned from other surgical and cardi-
ology quality collaborations.  

    Challenges to Measuring Outcomes 
and Quality of Care 

    Heterogeneous Patient Populations 

 Patients from birth to adulthood, with a wide vari-
ety of clinical conditions and  pathophysiology, 

are admitted to pediatric cardiac intensive care 
units (CICU). An important distinction is between 
patients admitted to the CICU directly from the 
operating room after palliative or corrective sur-
gery for structural heart disease and those admit-
ted for medical conditions including, but not 
limited to, pre-operative care, congestive heart 
failure exacerbation, arrhythmia management, or 
after cardiac arrest. Defi ning metrics specifi c to 
cardiovascular disease that apply to all patients in 
this setting remains a diffi cult task; for example, 
while surgical site infection may be an impor-
tant measure of CICU performance in a surgical 
population, it is not informative for patients with 
non-surgical conditions. Furthermore, complica-
tion rates of cardiac arrest, development of acute 
kidney injury, and new neurologic injury may be 
important performance metrics in both popula-
tions, but sub-analysis of outcomes within each 
group, perhaps using separate risk adjustment 
methods, is necessary.  

    Defi ning Critical Care Patient Quality 
Outcomes and Quality Metrics 

 The ideal independent outcome measure for 
pediatric cardiac critical care databases would 
be one that refl ects the competence and quality 
of care provided by the CICU team, and is unaf-
fected by care prior or subsequent to the CICU 
admission. While an argument can be made that 
outcomes measured at the level of the hospital-
ization episode (e.g. discharge mortality) are 
most important, these metrics do not allow for a 
granular understanding of why hospital perfor-
mance varies, nor do they provide the detailed 
data necessary to implement improvement strat-
egies. Critical care specialists intent on improv-
ing their individual and unit performance need 
quality metrics that effectively disentangle criti-
cal care’s contribution to outcomes from other 
domains. 

 Post-operative care in the CICU is the best 
example of this conundrum: it is extremely diffi -
cult to determine how both the CICU and surgical 
care contribute to individual patient and popula-
tion outcomes, let alone the baseline anatomy, 
physiology and functional state of the patient. 
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For example, average length of mechanical ven-
tilation after a particular operative procedure will 
depend on the ventilation strategy and weaning 
practices of a CICU team, but will also be infl u-
enced by the preoperative physiology, frequency 
of residual anatomic defects, anesthetic prac-
tices and complicating surgical morbidities (e.g. 
phrenic nerve injury). Propensity to develop acute 
kidney injury will refl ect not just the fl uid and 
hemodynamic management in the intensive care 
unit (ICU), but may also depend on the preop-
erative condition of the patient, surgical results, 
postoperative ventricular function and cardiac 
output, and perhaps on strategies used during 
 cardiopulmonary bypass for organ protection 
and mitigating the infl ammatory response. While 
the search to defi ne an “ideal” pediatric cardiac 
critical care outcome measure in post-operative 
patients continues, it is probably necessary in the 
short-term to view outcome measurement as an 
assessment of an entire pediatric cardiac surgical 
program. 

 Outcomes of medical patients with cardio-
vascular disease treated in the CICU may be 
more likely to be infl uenced by the interven-
tions and care of the CICU team. Use of risk-
adjustment strategies employed in the general 
pediatric critical care setting (see below) may be 
more applicable in these patients than in a post-
surgical population. However, it is not clear that 
benchmarks for certain outcomes (e.g. catheter- 
associated bloodstream infections, resource use, 
frequency of cardiac arrest) are applicable to a 
group of patients with unique pathophysiol-
ogy compared to a post-cardiac surgical or gen-
eral pediatric intensive care patient population. 
Determining how to appropriately risk-adjust 
surgical and medical patients in the CICU, sep-
arately or together, will be critical, especially 
when considering comparative analyses across 
centers where the relative percentage of surgical 
to medical patients may be markedly different.  

    Risk Adjustment 

 Adequate risk adjustment is necessary to cor-
rectly interpret outcomes and performance and 
quality metrics collected in multi-institutional 

registries. Risk stratifi cation systems like the 
Risk Adjustment for Congenital Heart Surgery-1 
(RACHS-1) method [ 2 ,  3 ], the Aristotle meth-
odology [ 4 – 6 ], and the STS-EACTS (STAT) 
Mortality Score and Categories [ 7 ] predict mor-
tality after congenital and pediatric heart surgery 
and are used for adjusted analyses in surgical 
databases. However, they do not account for 
physiologic differences on or after admission to 
the CICU, and therefore paint an incomplete pic-
ture when trying to measure critical care perfor-
mance. Measuring performance in the CICU must 
take this physiologic variability and severity of 
illness into account to best analyze the impact of 
pediatric cardiac critical care on eventual patient 
outcome. The procedure-based adjustment meth-
ods also do not apply to non- surgical patients 
with critical cardiovascular disease. Thus, other 
tools must be incorporated in critical care data-
bases to provide adequate risk- adjustment for 
outcome interpretation in the CICU. 

 The Pediatric Index of Mortality-2 (PIM-2) is a 
physiology-based risk prediction scale developed 
from and subsequently validated in a general mix 
of pediatric ICU patients, including cardiac sur-
gery patients, from Australia, New Zealand, and 
the United Kingdom [ 8 ]. Though PIM-2 discrimi-
nated well in the original validation study with rea-
sonable calibration in patients with critical cardiac 
disease, other literature demonstrates that heavy 
shifts in the patient mix of a cohort, as may be seen 
in specialized CICUs, may decrease the accuracy of 
a risk model’s predictive ability [ 9 – 12 ]. In a recent 
study by Czaja and colleagues [ 9 ], the PIM-2 dem-
onstrated relatively poor predictiveness in a cohort 
composed entirely of cardiac surgical patients, 
particularly with regards to expected mortality 
in the highest- complexity patients. The newly 
developed Pediatric Index of Mortality-3 (PIM-
3) [ 13 ] has yet to be similarly studied. Variables 
that make up the PIM-3 are shown in Table  11.1 . 
The Pediatric Risk of Mortality (PRISM-III) [ 14 ], 
shown in Table  11.2 , also falls short in adequately 
risk-adjusting outcomes for mixed populations 
of pediatric cardiac surgical patients [ 15 ]. While 
these scales may perform better in cardiac medical 
patients, or when comparing patients within the 
same procedural category, the imperfections of the 
currently used  risk-adjustment systems  highlight 
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the need to develop new methods validated pri-
marily in cardiac critical care patients. Without 
these tools pediatric cardiac critical care databases 
will fall short in accurately measuring outcomes 
and quality.

        The “Ideal” Cardiac Critical Care 
Database 

 The ideal cardiac critical care database for 
improving quality of care would successfully deal 
with the challenges described previously around 
heterogeneity of patients, separating CICU care 
from other domains, and risk- adjustment. In 

addition, these databases should include two key 
components: a standard nomenclature and mech-
anisms that facilitate linkage between registries.  

    Common Nomenclature 

 Accurate measurement and comparison of clinical 
outcomes is dependent on a common nomencla-
ture and standardized data collection. Thanks to the 
efforts of The International Society of Nomenclature 
for Paediatric and Congenital Heart Disease 
(ISNPCHD) [  http://www.ipccc.net/    ] and the Multi-
Societal Database Committee for Pediatric and 
Congenital Heart Disease (MSDC), a consensus-
based, comprehensive nomenclature now exists for 
the diagnosis, procedures, and complications associ-
ated with the treatment of patients with pediatric and 
congenital cardiac disease [ 16 ,  17 ]. This nomencla-
ture has been adopted by several clinical databases, 
including most notably:
•    The Society of Thoracic Surgeons (STS) 

Congenital Heart Surgery Database,  
•   The European Association for Cardio- 

Thoracic Surgery (EACTS) Congenital Heart 
Surgery Database,  

•   The IMPACT Interventional Cardiology 
Registry ™  ( IM proving  P ediatric and  A dult 
 C ongenital  T reatment) of the National 
Cardiovascular Data Registry R  of The 
American College of Cardiology Foundation R  
and The Society for Cardiovascular 
Angiography and Interventions (SCAI),  

•   The Joint Congenital Cardiac Anesthesia 
Society- Society of Thoracic Surgeons 
Congenital Cardiac Anesthesia Database  

•   The Virtual PICU System (VPS).  
•   The Pediatric Cardiac Critical Care 

Consortium (PC 4 )    
 A common nomenclature is crucial for data 

sharing which allows robust analyses of large 
integrated datasets.  

    Linking Databases 

 Refl ecting the nature of clinical care of patients 
with pediatric and congenital cardiac disease, 
database creation for measuring outcomes and 

   Table 11.1    Pediatric index of mortality-3 variables [ 13 ]   

 Pupils fi xed to light? (Yes/No) 
 Elective admission (Yes/No) 
 Mechanical ventilation in the fi rst hour (Yes/No) 
 Absolute value of base excess (mmol/L) 
 SBP at admission (mmHg) 
 SBP2/1,000 
 100 × Fio 2 /Pao 2  (mmHg) 
 Recovery post procedure? 
  Yes, recovery from a bypass cardiac procedure 
  Yes, recovery from a non-bypass cardiac procedure 
  Yes, recovery from a noncardiac procedure 
 Very high-risk diagnosis 
 High-risk diagnosis 
 Low-risk diagnosis 

   Table 11.2    PRISM-III variables [ 14 ]   

 Systolic blood pressure (mmHg) 
 Heart rate (beats per minute) 
 Temperature (C°) 
 Pupillary refl exes 
 Mental status (Glasgow coma score) 
 Total CO 2  (mmol)/pH 
 PaO 2  (mmHg) 
 PCO 2  (mmHg) 
 Glucose (mg/dL or mmol/L) 
 Potassium (mmol/L) 
 Creatinine (mg/dL or μmol/L) 
 Blood urea nitrogen (mg/dL or μmol/L) 
 White blood cell count (cells/mm 2 ) 
 Prothrombin time or Partial thromboplastin time 
(seconds) 
 Platelet count (cells/mm 2 ) 
 Other factors (diagnosis, source of PICU admission) 

M.G. Gaies et al.
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quality requires true multi-disciplinary collabo-
ration. Linkage of existing and future multi- 
institutional subspecialty databases to promote 
seamless sharing of longitudinal data across tem-
poral, geographical, and subspecialty boundaries 
will be necessary to achieve the desired objective 
of quality improvement [ 18 – 20 ]. Clinical and 
administrative databases have been successfully 
linked using indirect identifi ers [ 21 ], and similar 
techniques could be used to link clinical data-
bases. The key for new database projects is one 
of design; careful thought must be given when 
developing the list of data variables and data har-
vesting procedures to ensure the possibility of 
future linkage. In addition, innovative new soft-
ware platforms can also facilitate sharing of data 
variables between registries more effectively and 
effi ciently than the techniques involving indirect 
linkage. 

 Linkages between CICU databases with other 
large datasets holds promise to answer questions 
not currently accessible to CICU clinicians. For 
example, determining the clinical factors associ-
ated with variation in resource utilization in the 
CICU could be approached by linking detailed 
patient registries with administrative databases. 
Further, CICU databases, as currently designed, 
focus on short term, CICU-based outcome mea-
sures. Linkages with other registries, like the 
STS, are likely necessary to determine the impact 
of CICU practice on intermediate and longer- 
term outcomes. As with any collaboration, it is 
crucial to form productive partnerships with the 
professional organizations and other entities that 
administer these clinical registries, as there are 
several issues around data management, own-
ership, and analysis that that require concerted 
efforts to manage.   

    Existing Critical Care Databases 

    Virtual PICU Systems (VPS) Database 

 In 1997, the Laura P. and Leland K. Whittier 
Virtual Pediatric Intensive Care Unit (VPICU) 
was founded after a generous grant to Children’s 
Hospital Los Angeles from the Whittier 
Foundation. At the same time the PICU Focus 

Groups, sponsored by the National Association 
of Children’s Hospitals and Related Institutions 
(NACHRI), needed a software tool to facilitate 
multisite quality improvement and research. 
Both of these organizations realized that a poor 
understanding of pediatric critical care practice, 
coupled with the lack of even simple descrip-
tive statistics, left large knowledge gaps around 
critical care for children. ICUs were neither 
connected to the Internet nor sharing data. The 
VPICU and NACHRI collaborated in a develop-
ment process that included 15 pediatric intensiv-
ists. The result was a demographic, diagnostic 
and severity of illness adjusted software tool that 
collected information from member units, on all 
patients, with actual outcomes collected. The 
VPICU focuses on bringing information tech-
nologies to serve pediatric critical care medicine 
by supporting patient care, quality improvement, 
distance learning and research. This platform 
provided a necessary foundation to investigate 
how pediatric critical care was practiced across 
the United States. 

 The original development group refi ned the 
data collection and reporting, and in partnership 
with The National Outcomes Center at Children’s 
Hospital and Health Systems, Milwaukee, 
improved the quality of comparative reports, the 
scientifi c rigor applied to data acquisition, and 
data integrity. The data collected thus far over 
10 years from hundreds of thousands of cases 
allows for reliable, reproducible, and actionable 
information for critical care clinicians and hospi-
tal adminstrators. VPS currently has 120 member 
PICUs and data on more than 600,000 children to 
serve member data needs and quality reports, and 
is the largest pediatric critical care data reposi-
tory available. Further, VPS has enabled impor-
tant research in pediatric critical care, facilitated 
by a research oversight committee. 

 A separate cardiac module within the VPS 
database is available, and in concert with the 
Society of Thoracic Surgeons (STS), a multi- 
societal database created to facilitate sharing 
of information and cultivate data platforms that 
utilize shared defi nitions. The VPS adopted the 
International Pediatric and Congenital Cardiac 
Code [  http://www.ipccc.net/    ] nomenclature for 
cardiac diagnoses, cardiac surgical procedures 
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and cardiac surgical complications. In addition, 
cardiac complexity scores were introduced into 
the cardiac module, including RACHS-1 [ 2 ,  3 ], 
Aristotle Basic Complexity [ 4 – 6 ], and STAT 
scores [ 7 ]. As the number of participating Cardiac 
Intensive Care Units and mixed PICUs with 
cardiac surgical populations grow, population- 
specifi c mortality and morbidity predictive tools 
will be developed.   

    The Future of Cardiac Critical Care 
Databases 

 One of the central purposes of any clinical reg-
istry or database project should be to collect 
outcomes data that can be used to drive quality 
improvement. The core tenets of collaborative 
quality improvement are:
    1.    Purposeful collection of granular clinical data,   
   2.    Providing timely performance feedback to cli-

nicians, and   
   3.    Continuous quality improvement based on 

empirical analysis and collaborative learning.     
 The Northern New England Cardiovascular 

Disease Study Group (NNE) is an illustrative 
example of a successful regional quality collab-
orative [ 22 ]. Formed in 1987 to study outcomes 
of adult coronary bypass grafting, valve, and per-
cutaneous cardiac procedures, the NNE devel-
oped a detailed clinical registry on practice and 
outcome variables and collected data from volun-
tary participants in the region. The collaborative 
described the clinical epidemiology of variation 
in outcomes between participants, and through 
subsequent empirical analysis identifi ed key pro-
cesses of care underlying the observed variation. 
These fi ndings subsequently informed targeted 
quality improvement efforts; as a result, mortal-
ity rates became among the lowest in the nation, 
declining from 5 % to under 2 % by the end of 
the 1990s [ 22 ]. 

 A database, by itself, does not facilitate qual-
ity improvement; the data must be actionable, 
rigorous scientifi c methods should be applied 
to analyses of the data, and the users of those 
data must facilitate learning through transpar-
ent sharing of practice and outcomes with one 

another. Effective quality improvement collab-
oratives fi rst ask the question “Who are the best 
performers?” but they take the next step by using 
their data to answer the question of “ Why  do the 
best performers achieve better outcomes?” The 
answers to this second question are what inform 
successful quality improvement initiatives. 

 Share and colleagues have described the dif-
ference between a simple database project and 
one that effectively drives quality improvement 
collaboratives [ 23 ]. They analyzed rates of 
complications and mortality for adult patients 
undergoing general, vascular, and bariatric sur-
gical procedures in statewide quality collabora-
tive programs for these specialties in Michigan. 
Hospitals participating in a national database 
project (National Surgical Quality Improvement 
Program, NSQIP) were compared with the 
Michigan hospitals. Hospitals participating in the 
collaboratives had lower adjusted rates of mor-
bidity and mortality compared to hospitals that 
were contributing data to a simple clinical regis-
try. This analysis highlights the gap between sim-
ply measuring outcomes and promoting quality 
improvement. 

 The Pediatric Cardiac Critical Care Consortium 
(PC 4 ) was created to mimic the structure, func-
tion, and success of the NNE and the Michigan 
surgical collaboratives. Formed in 2009 with 
funding from the National Institutes of Health, 
PC 4  is an international, multi-institutional collab-
orative for the cardiac critical care community. 
The Consortium has created a clinical registry 
with outcome and critical care practice variables 
designed specifi cally to identify the key drivers 
of variation between hospitals. PC 4  employs a 
data platform that has analytic functions capable 
of empirically deriving risk- adjustment models 
from the entered data, offering the promise that 
outcomes will be comparable across centers. This 
data platform is also capable of providing real-
time risk- and reliability- adjusted data to partici-
pants to facilitate local and collaborative-wide 
quality improvement efforts. PC 4  has also part-
nered with professional  organizations and data-
base projects, including the Society of Thoracic 
Surgeons, Pediatric Cardiac Intensive Care 
Society and American College of Cardiology, to 
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standardize data defi nitions, harmonize data col-
lection efforts, and share data variables across 
registries through direct and indirect linkage. 
Data collection with this new platform com-
menced in 2013.  

    Conclusion 

 Though there are unique challenges to mea-
suring and improving quality in the CICU 
environment, the success of other database 
and collaborative quality improvement proj-
ects provides a road map for success in pediat-
ric cardiac critical care. Adherence to the 
conceptual foundation on which these suc-
cessful projects are built should propel current 
and future database projects in the fi eld to pro-
vide risk-adjusted outcome and quality met-
rics to clinicians and scientists. These data 
will drive analyses that reveal the modifi able 
reasons for variation in performance between 
centers, and fueled by a collaborative spirit the 
pediatric cardiac critical care community can 
raise the quality of care for children and adults 
with critical pediatric and congenital cardio-
vascular disease throughout the world.     
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        Introduction 

 In 1968, Donald C. Fyler, through the Department 
of Cardiology at Boston Children’s Hospital, 
organized The New England Regional Infant 
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    Abstract  

  The escalating movement in the health care industry towards electronic 
medical recordkeeping has been substantially impeded by the lack of 
clinical data standards. The classifi cation systems that are in common 
use, such as the ICD-9-CM, rely on broad disease categories with insuf-
fi cient granularity to permit valid analysis of outcomes. This shortcoming 
is particularly evident in the fi eld of congenital heart disease, where the 
highly heterogeneous congenital malformations are grouped into just 39  
 categories in the ICD-9 nomenclature. As described in other sections of 
this book, for over a decade there has been a concerted effort by vari-
ous consortia of congenital cardiologists and cardiac surgeons to rectify 
this situation. When undertaking an effort of this magnitude it is useful to 
examine the successes and failures of existing nomenclatures in order to 
improve on history rather than to simply repeat it. In this regard, the Fyler 
Coding System (FCS) is one of the earliest (if not  the  earliest) experi-
ence with introduction of a comprehensive congenital heart disease clas-
sifi cation into the routine delivery of cardiac medical and surgical care and 
45 years of continuous use are available for analysis of successes and fail-
ures. This chapter reviews the history of the FCS with particular emphasis 
on recognizing the lessons that should be learned by those who seek to 
implement something better.  
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Cardiac Program (NERICP), a clinical care pro-
gram that was designed to enhance the delivery 
of care to infants born in the New England area 
with life threatening congenital heart disease [ 1 ]. 
In addition to establishing a cooperative referral 
network, an important element of this program 
was the creation of a centralized regional reg-
istry of incident cases of congenital heart dis-
ease. This database provided epidemiologic and 
descriptive data concerning the frequency of 
various forms of heart disease [ 2 ], and original 
insights into factors associated with the presence 
of congenital heart disease such as birth order, 
population density, and season [ 3 ,  4 ]. Key to this 
effort was a system of disease categorization. 
A frequently quoted but still germane observa-
tion by William Farr in 1839 while working as 
an epidemiologist for the city of London is that 
“nomenclature is of as much importance in this 
department of inquiry, as weights and measures 
in the physical sciences, and should be settled 
without delay” [ 5 ]. Dr. Fyler completely under-
stood the need for a systematized nomenclature 
of congenital heart disease for the NERICP but 
could not identify an adequate existing resource. 
He therefore initiated the construction of a cod-
ing system to fi ll this void, a nomenclature that 
in recognition of his contribution is generally 
referred to as the Fyler Coding System (FCS). 
The FCS has succeeded from both the clinical 
and research perspective and is still the primary 
system for disease and intervention classifi cation 
at the Boston Children’s Hospital Department of 
Cardiology and is also used at many other pedi-
atric congenital heart programs both nationally 
and internationally. However, with regard to the 
purposes of this book, the shortcomings of the 
FCS are of more importance than the successes. 
Dr. Fyler worked to improve the FCS for more 
than 30 years during the remainder of his career, 
but remained invariably dissatisfi ed with his 
efforts. The reasons for this dissatisfaction can be 
readily described and are by no means unique in 
the fi eld of medical nomenclatures. In fact, many 
new nomenclature efforts continue to make the 
same mistakes in the design of their systems. 
This chapter recounts in brief the Fyler experi-
ence and the lessons that can be learned from it.  

    Medical Record Keeping 
in the Nascent Electronic Era 

 At the time of initiation of the NERICP, afford-
able minicomputers were just making their 
way into the commercial market and from the 
beginning the NERICP data storage was com-
puter based. The FCS was therefore created to 
optimize the effi ciency of digital storage and 
retrieval, particularly during the early experi-
ence when digital computing was billed based on 
microseconds of CPU use and digital storage was 
both slow and expensive. Although the NERICP 
was initiated during the punch card era and ini-
tially relied on this technology, the transition to 
terminal- based data entry enabled wider access 
to computer resources. Dr. Fyler responded to 
this technical advance by quickly introducing 
this nomenclature into the clinical care arena at 
Boston Children’s Hospital, constituting one of 
the earliest forays into the realm of electronic 
medical records. Surgical and catheterization 
data that preceded the availability of this data-
base were retrospectively entered (back to 1950!) 
and the diagnoses, fi ndings, and procedures were 
coded using the Fyler Codes. Prospective data 
collection was expanded to include outpatient 
clinic visits, electrocardiograms, and eventu-
ally other diagnostic and therapeutic modalities 
including echocardiography, electrophysiology, 
cardiac magnetic resonance, and cardiac com-
puted tomography were similarly captured and 
coded using the same systematized nomenclature 
system. During the subsequent 45 year period 
of continuous use and modifi cation of the Fyler 
Codes in response to clinical use and feedback, 
much has been learned. To date, over 3.3 million 
Fyler codes have been entered into clinical echo-
cardiographic reports issued by the Department 
of Cardiology at Boston Children’s Hospital 
alone.  

    Numeric Versus Text Codes 

 The Fyler Codes were originally based on a list 
of numeric codes, each of which represented a 
specifi c textual description. More recently, this 
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system has been modifi ed to an alphanumeric 
system, but conceptually the approach is the 
same insofar as the code represents a specifi c 
concept that may be a diagnosis, fi nding, risk 
factor, intervention, etc. In retrospect, this was 
a decision that proved to be an important suc-
cess of the FCS. The alternative approach, as 
has been implemented in some coding systems, 
is to rely on the textual description alone. There 
are some important advantages to the use of an 
abstract alphanumeric representation. The FCS 
stores only the numeric code in the database, 
resulting in very compact data storage, which 
was certainly a signifi cant issue in the original 
design of the FCS whereby the average reduc-
tion of data storage requirements was >10 fold. 
This advantage is considerably less important 
in the current era of abundant storage capacity 
and high capacity networks. The primary dis-
advantage to coding systems based on numeric 
codes is the need for translation between text 
and numbers during data storage and retrieval, 
but again this was primarily an issue when 
printed manuals were the primary resource for 
this translation whereas now digital resources 
can be used to make this process completely 
transparent, effectively insulating the user from 
the abstract numeric codes. In contrast, the dis-
advantages of the text-based codes cannot be as 
easily overcome. Nomenclature evolves over 
time and changing the text of a specifi c code 
disrupts the validity of the previously stored 
data if the text is changed, an issue that does 
not arise as long as the data are stored using 
an abstract representation. Perhaps the most 
important advantage to the use of an abstract 
alphanumeric representation is that it enables 
synonyms and multilingual translations, such 
that the same alphanumeric code can be pre-
sented to the user as “atrioventricular canal”, 
“atrioventricular septal defect”, “canale atrio-
ventricolare completo” or other locally speci-
fi ed designations or languages, thereby greatly 
facilitating collaborative work. The use of 
abstract concept representations is widely 
viewed as essential within the medical infor-
matics community and must be viewed as one 
of the FCS successes.  

    Intrinsic Hierarchy Based 
on Numeric Order 

 The FCS was predicated on a hierarchy based 
on severity of disease. Major group categories 
(for example single ventricle, transposition of 
the great arteries (TGA), double outlet right 
ventricle, and tetralogy of Fallot) were assigned 
a numeric value with an ordered sequence such 
that those with the greatest clinical and ana-
tomic abnormality were assigned the lowest 
numbers. The sequence was based primarily on 
probability of early survival, such that hypo-
plastic left heart syndrome was one of the low-
est number groups whereas atrial septal defect 
was much higher in the sequence. In patients 
with multiple lesions, the lowest number code 
was typically the “primary”, or most important 
diagnosis. Conceptually, this approach enabled 
very simple assignment of risk hierarchy based 
on rank order of numeric code in addition to 
enabling very simple statistical description 
of population disease severity. This approach 
proved moderately successful for comparison 
of complex versus simpler forms of congeni-
tal heart disease (such as hypoplastic left heart 
versus coarctation of the aorta) but fails for 
comparison within these groups (such as atrial 
septal defect versus pulmonary stenosis), where 
the modifying infl uence of severity of pulmo-
nary stenosis or size of the atrial septal defect is 
a more important determinant of outcome than 
the category of that anatomic abnormality. For 
patients with multiple diagnoses, the numeric 
sequence of the codes therefore often fails to 
designate which of the several codes represents 
the patient’s “primary” or most important diag-
nosis. This shortcoming led Dr. Fyler to ulti-
mately consider the FCS to have been a failure, 
and is one of the reasons he never chose to 
publish this system. This experience provided 
the important lesson that the numeric (or alpha-
numeric) representation should be abstract and 
code properties such as severity or relative 
importance of disease should be maintained as 
a separate property either of the code or a prop-
erty determined by the code in conjunction with 
one or more modifi ers.  
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    Code Organization Based 
on Alphanumeric Representation 

 Most nomenclatures require an organizational 
structure for their effi cient use. For example, in 
the FCS diagnoses were grouped according to the 
nature of the anatomic abnormality, such that all 
forms of d-loop TGA were positioned numeri-
cally between 0700 and 0799 and entities with 
l-loop TGA were numbered as 0800–0899. From 
a database and software design perspective this 
approach provided very effi cient search routines 
and by intrinsically grouping the related codes 
it facilitated manual code searches by group-
ing related terms together in printed manuals. 
This is the approach taken in the International 
Classifi cation of Disease (ICD) coding system, 
now in its 10th revision (ICD-10). The ICD-10 
has 16 sections in the procedure coding system 
with all members of a particular section having an 
alphanumeric code that begins with the same char-
acter (  http://www.cms.gov/Medicare/Coding/
ICD10/Downloads/pcs_final_report2013.pdf    ). 
If the groupings are truly mutually exclusive, as 
is the case with the biological classifi cation into 
domains, kingdoms, phylums, classes, orders, 
families, genus, and species, such an approach 
can be useful and can assist in code identifi ca-
tion, hierarchical designation and relationships 
between categories. However, congenital and 
acquired heart disease nomenclatures are based 
on combinations of anatomic and physiologic 
relationships that do not stratify into mutually 
exclusive categories. For congenital heart disease 
individual diseases often consist of “complexes” 
consisting of multiple anatomic abnormalities, 
leading to ambiguity as to where in the hierar-
chy the code should be positioned. For example, 
a heart with the combination of L-loop TGA, tri-
cuspid atresia, and ventricular septal defect could 
justifi ably be positioned amongst the disorders 
of the ventriculoarterial junction, ventricles, or 
atrioventricular junction. Electronic representa-
tions can easily accommodate this ambiguity by 
displaying the same code on multiple branches 
of the tree, enabling users to fi nd the correct 
code regardless of which of these categories they 
prefer to search. However, support for multiple 

hierarchies requires maintenance by some other 
method than the alphanumeric code, which must 
be unique and therefore cannot be used to desig-
nate multiple locations in the tree. This is another 
instance where the design of the FCS failed by 
attempting to attach meaning to the alphanumeric 
code beyond simply designating the text it repre-
sents. The FCS shares this failure with the ICD 
and other systems. In general, the network of 
relationships between concepts and terms must 
be encoded separately from the encoding of the 
concepts and terms themselves.  

    Atomic Versus Molecular Design 

 As is the case with many disease entities, patients 
with congenital heart disease manifest one or 
more specifi c anatomic or physiologic abnormal-
ities in a variety of combinations. For example, 
a ventricular septal defect can be observed as 
an isolated fi nding but is often found in asso-
ciation with other structural anomalies such as 
aortic coarctation, and in the case of more com-
plex abnormalities such as double outlet right 
ventricle the ventricular septal defect is gen-
erally integral to the disease. Coding systems 
have generally taken two different approaches to 
classifying these hearts. The “atomic” approach 
to coding identifi es each of these lesions as an 
independent fi nding and the codes for each com-
ponent are captured independently. The “molecu-
lar” approach involves assigning individual codes 
to both the individual components and to each 
of the valid combinations, which constitute the 
“molecular” codes, also referred to as composite 
codes. For example, the molecular approach per-
mits the combination of ventricular septal defect 
and coarctation to be captured as a single code 
whereas the atomic approach would require each 
to be entered separately. The Fyler system and the 
European Pediatric Cardiology Codes (EPCC) 
[ 6 ] have taken a more atomic approach, whereas 
the Society of Thoracic Surgery (STS) [ 7 ] cod-
ing system has taken a molecular approach. 
The Fyler system is not purely “atomic”. For 
example, the FCS has “anatomic” codes for 
d-loop TGA, ventricular septal defect, and intact 
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 ventricular septum, but also has molecular codes 
for d-loop TGA with ventricular septal defect and 
for d-loop TGA with intact ventricular septum. 
In contrast, the STS system is highly skewed 
towards the molecular approach by including 
combination codes such as “Hypoplastic left 
heart syndrome (HLHS), Without intrinsic valvar 
stenosis, Hypoplastic aortic valve + mitral valve 
+ left ventricle (Hypoplastic left heart complex 
= HLHC), VSD, Nonrestrictive VSD”. Is there 
in fact a reason to prefer one approach over the 
other? There are advantages and disadvantages 
to each approach and these differences are worth 
discussing. 

 Insofar as the structure of the nomenclature 
should be optimized for the desired functional-
ity, functional specifi cations can be generally 
grouped into three categories: (1) maintenance of 
the coding system, (2) code capture (code fi nd-
ing in conjunction with data entry), and (3) code 
retrieval (code fi nding in conjunction with data-
base searches). The fi rst issue (code maintenance) 
is the simplest to discuss. The atomic approach 
results in a relatively short list of codes whereas 
the molecular approach, in which all of the atoms 
are designated in addition to all valid combina-
tions of the individual atoms, results in a set of 
codes that may be orders of magnitude larger. In 
addition, insofar as the molecular system attempts 
to represent the universe of possible combina-
tions, maintaining a complete “molecular” sys-
tem is far more subject to error. In general, the 
cost and complexity of code system maintenance 
increase in proportion to the number of terms in 
the system, and therefore an atomic system is far 
more economical to maintain. 

 Code fi nding in conjunction with data entry 
involves searching a repository of codes and 
selecting those appropriate to a particular patient 
or patient-related event. The shorter list of codes 
in an atomic system makes it easier to locate 
individual codes at the time of code entry, but 
searches for specifi c complex cases with mul-
tiple anatomic abnormalities requires repeated 
searches for each component. The primary 
advantage to the molecular code schema is that 
a much smaller set of codes needs to be selected, 
but it is often necessary to search through a very 

long list of codes to fi nd the best match. Even 
with a feature-rich search facility this can be very 
time consuming and the net tradeoff between 
these costs and benefi ts is unclear. There is a 
theoretical advantage to the molecular approach 
because the universe of valid code combinations 
is pre-specifi ed. Because the user of an atomic 
system has the freedom to choose any combi-
nation of terms, invalid combinations (such as 
mitral regurgitation plus mitral atresia) can be 
selected for the same patient. However, because 
the molecular system must by necessity include 
all the individual atoms, such an error can be 
made in this system as well. 

 Code fi nding in conjunction with database 
searches has a different trade-off. Since the same 
atomic entry will appear in many molecular 
terms, searches for a specifi c atom (such as ven-
tricular septal defect) are more complex because 
of the need to specify a large number of molecu-
lar entries to capture all instances of that atom. 
Searches for composite diagnoses are also more 
complex in a molecular system since they may 
have been coded using the composite code (“TGA 
with ventricular septal defect”) or the individual 
components may have been selected separately 
(“TGA” and “ventricular septal defect” as atomic 
codes). Again, the consensus in the health infor-
matics community is that concepts should be 
represented as their constituent components as is 
done in an atomic system.  

    Provisions for Expansion 
and Modifi cation of the Coding 
System 

 The pace of change in medicine is fairly remark-
able and as new knowledge is gained the need for 
new terminology and codes is relentless. Many 
of the standard coding systems, such as the ICD 
system, operate on revisions that are issued in 
cycles measured over years, which is completely 
inadequate from a clinical perspective. New 
procedures, for example, need to be captured in 
near- real time because back-coding is a notori-
ous source of data loss. From the beginning, the 
FCS was, and remains, a dynamic system with 
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expansion of the codes to accommodate missing 
elements, newly recognized diseases, and most 
importantly the continuous evolution of new 
therapeutic options. When the fi rst arterial switch 
operation was performed at Boston Children’s 
Hospital, the appropriate code was added the next 
day. This responsiveness considerably enhances 
the value of the coding system, but also creates 
a higher risk of incorporating terminology that 
is rapidly outdated or duplicates existing codes 
(for example separate codes may be created for 
“LEOPARD syndrome” and “Noonan syndrome 
with multiple lentigines” because of a failure to 
recognize these as synonyms). Management of 
the coding system therefore requires a system of 
governance, generally by individuals with con-
siderable interest in maintaining the integrity of 
the system, who have suffi cient knowledge and 
are willing to put in the effort to confi rm accuracy 
and need for new entries.  

    Coding Data Capture Workfl ow 

 Early on in the FCS experience it became appar-
ent that disease classifi cation was most accu-
rately performed by the physician at the time 
of care delivery rather than later translation of 
free text reports based on chart review, a func-
tion that is often performed by personnel not 
directly involved in care delivery. The cardiology 
information system at Boston Children’s hospital 
was therefore constructed with this goal in mind, 
implementing capture of these data as a func-
tion of the clinical workfl ow. It was relatively 
straightforward to introduce this model in the 
diagnostic testing environment, as the physicians 
performing and interpreting the echocardio-
grams, cardiac catheterizations, cardiac magnetic 
resonance imaging, exercise stress testing, and 
electrocardiograms entered these codes as part 
of the electronic documentation process. The 
coding process was used to facilitate the report-
ing process because the Fyler code translations 
were included in the fi nal reports, thereby sup-

porting clinical care delivery as well as billing 
requirements. Positioning this process as a criti-
cal step in care delivery ensures a higher degree 
of accuracy than relegating code capture to an 
administrative role where mistakes and inaccura-
cies have less opportunity for critical review and 
error recognition by the entire care delivery team. 
Capturing these data in other environments such 
as the inpatient service and intensive care unit has 
been more challenging and this remains an area 
where development of better systems for infor-
mation capture remains an important goal.  

    Lessons Learned 

 A signifi cant effort has been devoted toward the 
theoretical specifi cation of the features of a termi-
nology system that will best accomplish the mul-
tiple purposes that such a system is intended to 
accomplish. A position paper from the American 
National Standards Institute (ANSI) regarding 
informatics standards for health terminology [ 8 ] 
documented that many of the same problems we 
experienced with the FCS are present in most of 
the other health care terminology systems (such 
as the ICD and CPT systems). These other sys-
tems also tend to be constructed as a list of terms 
with numeric designations that are intended to 
have meaning beyond an arbitrary alphanumeric 
code, such as group membership or hierarchical 
relationships, and are rarely atomic. The ANSI 
recommendations are in alignment with overcom-
ing the shortcomings we have experienced with 
the original design of the Fyler codes, such as the 
need for context-free identifi ers and support for 
synonyms, properties (also known as attributes), 
and multiple hierarchies. The ANSI report also 
documented the need for mapping between sys-
tems, language independence, and other features 
that are time consuming and expensive to imple-
ment but are ultimately vital to the utility of these 
classifi cation systems for robust data analysis. 

 The ANSI working group identifi ed explicit 
defi nitions as one of the primary requirements 
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for a health system terminology, noting that the 
defi nitions are inconsistent in medical diction-
aries and are subject to even greater variance 
between practitioners. This is unquestionably 
one of the most glaring shortcomings of the 
various lexicons that are currently in use for 
congenital heart disease, including the Fyler 
system. The controversies concerning the 
proper use and understanding of the congenital 
heart disease lexicon has been well documented 
for many years. The work in progress by the 
International Working Group for Defi ning the 
Diagnostic and Procedural Terms for Pediatric 
and Congenital Heart Disease, a subcommittee 
of the International Society for Nomenclature 
of Pediatric and Congenital Heart Disease 
(ISNPCHD), to correct this situation was pre-
sented in February, 2013 at The Sixth World 
Congress of Pediatric Cardiology and Cardiac 
Surgery in Cape Town, South Africa. The goal 
of this group is to create concise defi nitions 
for the diagnostic and procedural terms in the 
International Pediatric and Congenital Cardiac 
Code (IPCCC) and the committee has been 
working towards this goal since its formation 
in 2007. The FCS will benefi t from this work, 
through a process of cross-mapping and trans-
parent incorporation of these defi nitions.     
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    Abstract  

  During its more than 40 year history, The Congenital Heart Surgeons 
Society (CHSS) has evolved from an informal club to a mature organiza-
tion. In 1985, Drs. John W. Kirklin and Eugene H. Blackstone founded the 
CHSS Data Center. Its purpose was to develop disease- specifi c inception 
cohorts of congenital heart disease (CHD) patients and extract knowledge 
from the combined clinical experience of centers across North America. 
The mission has evolved to training of research fellows, prospective test-
ing of patients in our lifelong cohorts, organization of a tissue bank regis-
try, and provision of quality improvement tools for members. The hub of 
this activity is in the CHSS Data Center, housed within the Hospital for 
Sick Children in Toronto. Our review will highlight lessons learned during 
the course of this evolution.  
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        Background 

 The rationale for establishing the Congenital 
Heart Surgeons Society (CHSS) Data Center 
was the recognition among congenital heart 
surgeons that pooling clinical information in 
an organized fashion to facilitate data analy-
sis would help improve patient outcomes. The 
rarity of congenital heart disease (CHD), the 
wide spectrum of anatomic and physiologic 
variations in presentation and the extensive 
array of available medical and surgical man-
agement strategies contribute to the diffi cul-
ties faced by any one surgeon (or institution) 
in determining the optimal management for a 
given lesion. Acknowledging these fundamen-
tal diffi culties, the CHSS embarked upon a col-
laborative venture in 1985 to share experiences 
and analyze aggregate data to improve the CHD 
management. 

 The fi rst cohort assembled by the CHSS 
between 1985 and 1989 enrolled patients with 
transposition of the great arteries. During 
the fi rst 4 years of enrollment, 985 neonates 
admitted to a CHSS institution within the fi rst 
2 weeks of life were enrolled. There were few 
concerns with institutional review boards and 
obtaining patient/family consent in this era. The 
robust enrollment of patients in this cohort was 
fueled by an urgent desire to rapidly develop a 
knowledge base on which to compare more tra-
ditional atrial switch strategies with the newer 
arterial switch strategy. Thus, the CHSS rap-
idly established itself as an organization that 
could address contemporary clinical problems 
in direct response to the academic needs of the 
membership. 

 The success of this cohort was followed by the 
conception of 11 other cohorts with over 5,400 
patients enrolled for long-term follow-up. The 12 
CHSS Study Cohorts are displayed in Table  13.1 . 
Seven of these studies are no longer actively 
enrolling patients, and fi ve of these studies are 
still actively enrolling patients. These cohorts 
have provided the data for numerous analyses 
and publications on behalf of the CHSS. A list of 
CHSS publications is available on our website at 
  www.CHSSdc.org    .

       CHSS Data Center Structure 

    Personnel 

 The CHSS Data Center employs a Research 
Program Manager, a Database Programmer 
with statistical expertise, two Clinical Research 
Project Assistants, and two data abstraction 
nurses who have extensive clinical experience 
with CHD. In 2001, a Research Fellowship 
was created (the Kirklin/Ashburn Fellowship, 
discussed below). The Data Center is housed 
within the Hospital for Sick Children in Toronto 
with two suites including 1,200 sq. ft. of offi ce 
space with all required computers and informa-
tion technology resources, as well as secure 
storage for all electronic and hard copy data. 
The active interchange of information and ideas 
among the Data Center staff (i.e., teamwork) is 

   Table 13.1    Twelve CHSS diagnostic cohorts   

 Diagnostic cohort  Enrollment 

 Number
of patients 
enrolled 

   Transposition of the Great 
Arteries (TGA) study 

 1985–1989  891 

   Interrupted Aortic Arch 
(IAA) study 

 1987–1997  470 

   Coarctation study  1990–1993  883 
   Pulmonary Atresia Intact 
Ventricular Septum 
(PAIVS) study 

 1987–1997  444 

   Pulmonary Stenosis with 
Intact Ventricular Septum 
(PSIVS) study 

 1987–1997  187 

   Critical aortic stenosis 
study 

 1987–1997  422 

   Aortic valve atresia study  1987–1997  563 
   Tricuspid Atresia (TA) 
study 

 1999–2013  307 

   Pulmonary Conduit (PC) 
study 

 2002–2013  591 

   Critical Left Ventricular 
Outfl ow Tract (LVOTO) 
study 

 2005–2013  674 

   Anomalous Aortic Origin 
of a Coronary Artery 
(AAOCA) study 

 1998–2013  284 

   Unbalanced 
atrioventricular septal 
defect (uAVSD) study 

 2012–2013  84 
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essential for continuous improvement in data 
management practice.  

    Legal/Ethical Issues 

 The Data Center seeks Research Ethics Board 
(REB) approval on an annual basis to insure that 
general operations of Data Center comply with the 
Health Insurance Portability and Accountability 
Act of 1996 of the United States of America 
(HIPAA), and other laws and regulations regard-
ing patient confi dentiality and data security. In 
addition, each participating CHSS institution 
requires their institutional REB approval for every 
cohort being followed. Direct patient consent 
for yearly follow up by Data Center staff is also 
obtained. Direct patient consent facilitates com-
munication with patients who relocated to new 
caregivers and hospitals. Sharing of patient data 
also requires a Data Use Agreement between the 
Data Center and each CHSS institution.  

    Communication 

 The Data Center provides bi-monthly Newsletters 
to the CHSS members and their data managers. We 
also maintain a Website (  www.CHSSdc.org    ) to pro-
vide members, our patients and the general public 
with current activities, publication access, lay sum-
maries of publications, a patient blog, and links to 
relevant Websites. Extensive use is made of emails 
to members and a web-based dropbox for secure 
data transfer. The Data Center website also posts 
inclusion/exclusion criteria for each cohort and tem-
plates of REB applications for each institution to 
use in their institutional REB application. The avail-
ability of templates avoids duplication of effort and 
facilitates institutional enrollment in CHSS studies  

    Work Weekends 

 The Data Center organizes a semi-annual 3-day 
weekend for interested members to work in the 
Data Center. The members ‘brain-storm’ to develop 
new cohorts, direct statistical analyses, construct 
abstracts and manuscripts, and refi ne presentations.  

    Finances 

 Each CHSS institution is required to support the 
Data Center with an annual contribution. Support 
is mandatory. Additional funds are sought from 
peer reviewed grant applications, industry partners 
and philanthropic individuals and institutions.  

    Voluntary Contribution of Data 

 An important lesson learned in the CHSS Data 
Center is that our reliance upon voluntary enroll-
ment of data creates the potential for failure 
to include all eligible patients in a cohort and 
introduction of selection bias into our cohorts. 
Parameters that infl uence enrollment are not 
well-studied but are likely to include the clini-
cal ‘urgency’ associated with the research ques-
tion that was the rationale for inception of the 
cohort. For example, as noted above, the cohort 
of patients with transposition of the great arter-
ies acquired patients with extreme velocity. (985 
neonates were enrolled from 100 % of all CHSS 
institutions (24 at that time) within 4 years). In 
contrast, a recent inception cohort of patients 
with critical left ventricular outfl ow tract obstruc-
tion (LVOTO) has enrolled relatively slowly 
(718 patients from 16 institutions over 4 years). 
The LVOTO enrollment can be compared to the 
contemporaneous National Institutes of Health 
(NIH) funded Pediatric Health Network Single 
Ventricle Reconstruction (SVR) Trial, which had 
a more narrow diagnostic range of entry criteria 
and fewer participating institutions but enrolled 
at a far greater rate than the LVOTO cohort. It is 
likely that the presence of paid coordinators ‘on 
the ground’ in each institution with scrutinized 
enrollment rates, and potential for fi nancial pen-
alties for failure to enroll contributed to the far 
more complete enrollment in the funded SVR trial 
when compared to the voluntary CHSS cohort.  

    Centralized Abstraction of Data 

 The CHSS relies upon centralized data abstrac-
tion. This lesson was learned after an  unsuccessful 
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attempt to develop a web-based data entry sys-
tem for patients enrolled in our pulmonary con-
duit cohort. Our expectation was that surgeons 
or their delegates would enter the data and this 
would improve overall effi ciency of the data col-
lection process. In fact, the absence of training in 
data entry led to a high proportion of records with 
incomplete data entry, a high frequency of errors, 
and a lack of means to redress these defi ciencies. 
Furthermore, addition of new data fi elds to the 
research data set was diffi cult because there was 
no easy mechanism to recall the person entering 
data at the fi rst setting and induce them to fi nd an 
old record, abstract the required new data points, 
and enter the data in the web-based system. To 
redress these problems, the Data Center currently 
uses centralized data abstraction where paper and 
electronic medical records for each patient are 
collected and stored within the Data Center. Data 
are abstracted by specially trained personnel who 
are conversant with the data entry forms and have 
a vested interest in the accuracy of entered data. 

 Because hard copies of the patient records 
are available for review, a ‘follow-on’ unplanned 
analysis can be undertaken whenever needed. For 
example, a detailed analysis of the aortic valve 
stenosis/aortic valve atresia cohort enabled a 
complex analysis of the role of the Ross-Konno 
and Yasui procedures many years after incep-
tion of the cohort [ 1 ]. For this subset of patients, 
unique data fi elds were required and the analysis 
would have been impossible if the raw data were 
not available in the Data Center.  

    The Kirklin/Ashburn Fellowship 

 The John W. Kirklin/David A. Ashburn 
Fellowship is a central component of the CHSS 
research model and represents an important ‘les-
son learned’ in the CHSS. Employing a dedicated 
Fellow to undertake complex statistical analyses 
transformed the research activity in the CHSS 
Data Center from an intermittent effort predi-
cated on part time efforts of CHSS members to 
a continuous effort led by the Kirklin/Ashburn 
Fellow – with a fundamental transformation in 
the productivity of the Data Center. 

 In exchange for the high level of productive 
work performed, the Kirklin/Ashburn Fellow 
enjoys many academic benefi ts. The Kirklin/
Ashburn Fellows typically have studied in the 
Data Center for 2 years and have enrolled in 
concurrent Masters or PhD programs at the 
University of Toronto. Their tenure in the Data 
Center has been supported by intensive tute-
lage from Drs. Eugene Blackstone and Brian 
McCrindle, and Sally Cai. Using this support 
network, the Fellows have forged new analyses 
of CHSS cohorts using state of the art statistical 
techniques. The Fellows have led the analysis 
through collaboration with participating mem-
bers from the inception of addressable questions, 
‘cleaning’ of the data, development of an analy-
sis plan, correspondence with working groups, 
creation of presentations, and writing of manu-
scripts. All these activities have been supported 
by the Data Center staff in Toronto to provide 
the Fellows with mentorship, and help to focus 
their analyses and fi ne-tune interpretation of 
results. The Fellowship is highly visible amongst 
congenital heart surgeons and has allowed the 
intellectual fi repower of future congenital heart 
surgeons to shine among the membership where 
prospects for future employment are bright. 
Building a training program into the structure of 
the Data Center has promoted academic output 
and helped to keep the CHSS Data Center as a 
hub of activity within the CHSS.   

    Research Strategies in the CHSS 
Data Center 

    The Research Question 

 Clinical research should be driven by a research 
question or questions. The question(s) defi ne 
the dataset; therefore, any proposed analysis 
begins with the identifi cation of one or more spe-
cifi c research questions. This process typically 
requires several hours of thoughtful discussion. 
One must collect the data points that will address 
the proposed research question(s), including the 
specifi c information on outcomes to be deter-
mined. A common error in the early years of the 
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Data Center was to try to collect too much infor-
mation including information which did not con-
tribute to the central research questions.  

    Focus on Diagnosis-Based Inception 
Cohorts 

 During the years from 1985 to 2003, the CHSS 
focused on diagnosis-based cohorts over 
procedure- based cohorts. The rationale was to 
capture the wide variety of potential operative 
and non-operative management strategies uti-
lized across institutions. This approach allowed 
evaluation of important patient subsets that are 
typically excluded from procedure-based surgical 
reports. For example, inclusion of non- operated 
patients who die prior to operation is an important 
tool to compare management strategies across 
institutions. Using the all-comers approach, the 
CHSS endeavors to avoid the fi ltering of patients 
that is often a foundation of published proce-
dure-based reports. One institution may exclude 
certain patient subsets from consideration for 
surgical therapy whereas another institution may 
choose to provide therapy – making comparison 
of published reports from different institutions 
problematic. An example of the importance of 
inclusion of all patients is demonstrated in an 
analysis of the CHSS pulmonary atresia cohort 
[ 2 ]. In Fig.  13.1 , the transition from entry in the 
study (diagnosis) to a defi nitive single-, 1.5-, or 
two-ventricle repair is shown. Note that a large 
proportion of the patients never achieved one of 
these ‘endstates’. Consequently, a procedure-
based surgical report might have neglected to 
account for the substantial proportion of patients 
who died without undergoing a ‘defi nitive’ pro-
cedure. The inclusion of non- operative patients 
also allows comparison between institutions by 
using statistical methods to control for differ-
ences in patient selection.

       Data Entry 

 The Data Center constructs a database to record 
all data required to address the research  question. 

In the past we have collected hard copies of spec-
ifi ed parts of the patient’s hospital chart, such as 
admission sheet, admission history and physi-
cal, all diagnostic reports, operative reports and 
follow- up investigation and reports. These data 
are extracted by highly knowledgeable and expe-
rienced professionals. We are making a transition 
to collect these data via Internet e-based records 
using secure fi le transfer. Annual cross-sectional 
follow-up data is conducted within specifi c 
months of each year and the information, includ-
ing interval procedures and/or investigations 
added to the dataset.  

    Data Integrity (The Essential 
Underappreciated Integral Step) 

 Prior to beginning any data analysis it is essential 
to check the dataset for errors, omissions, outli-
ers, unknown data points, and any possible mis-
interpretation of data extraction. Even the most 
committed and compulsive professional cannot 
be perfect extracting data. More commonly the 
information from clinical records will contain 
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  Fig. 13.1    Non–risk-adjusted competing-risks depiction 
of end states in 408 neonates with PAIVS illustrating the 
proportion of children reaching each end state over time 
after initial hospital admission. All patients begin alive at 
the time of initial admission (time = 0) and migrate to an 
end state at a time-dependent rate defi ned by the hazard 
functions. At 5 years, the estimated prevalences of end 
states are as follows: 2-ventricle repair, 28 %; Fontan 
operation, 19 %; 1.5-ventricle repair, 5 %; cardiac trans-
plantation, 2 %; death before reaching a repair state, 
36 %; and alive without end state, 11 % (Reprinted with 
permission from Ashburn et al. [ 2 ])       
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typographic errors, omissions, and outliers. We 
cannot overstress the essential nature of this very 
labor intensive requiring considerable time, effort 
and ingenuity to make the dataset as accurate and 
complete as possible.  

    Diagnostic Images 

 Institutional reports of diagnostic images vary in 
consistency. We have found that obtaining copies 
of the actual echo, computed tomography (CT) 
or magnetic resonance imaging (MRI) studies is 
relatively easy. And it has been amazing to us to 
see the enthusiasm of expert reviewers in under-
taking detailed review of each image. The quality 
and detail of the diagnostic data is enormously 
enhanced by expert review. To do the reviews, the 
reviewers needed to work in the Data Center for 
many days at their own expense. As a further step 
to facilitate this expert review process we have 
setup a CHSS Core Lab to upload de-identifi ed 
images to our central server so that the experts 
can review each image from the convenience of 
their home institution. In addition, the data from 
each expert review is entered into an Internet- 
based database (RedCap) [ 3 ] housed within the 
Data Center fi le server. The merged data is then 
available for analysis.  

    Evaluation of Uncommon Lesions 

 The CHSS Data Center is well suited to examine 
uncommon lesions because of the large number 
of participating institutions. For example, the 
CHSS assembled a large cohort of patients with 
interrupted aortic arch representing a relatively 
rare congenital heart lesion. Interestingly, among 
the 472 patients with interrupted aortic arch, con-
comitant aortopulmonary window was identifi ed 
in 20 patients. Because of the large number of 
centers enrolling patients, the analysis spawned 
an important sub-analysis of patients with an 
extremely rare combination of interrupted aor-
tic arch and aortopulmonary window – a feat 
that could not be accomplished in a single center 
cohort (Fig.  13.2 ).

   The CHSS Data Center has leveraged its 
multi-institutional resources to develop a pro-
spective inception cohort of patients with anoma-
lous aortic origin of a coronary artery (AAOCA). 
AAOCA is diagnosed when one or both coro-
nary arteries arise from outside their appropriate 
sinus of Valsalva (Fig.  13.3 ). Although relatively 
rare, the diagnosis of AAOCA provokes intense 
anxiety among patients (and clinicians) because 
there are no clearly defi ned management algo-
rithms and the potential for sudden death is not 
well understood. Currently (as of August 2013), 
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the Data Center has enrolled 249 patients and 
continues to enroll. This rapid accrual of a large 
cohort of patients with a relatively rare lesion 
will allow unprecedented analysis of the rela-
tionships between symptomatology, preoperative 
diagnostic data, surgical fi ndings, operative and 
non- operative treatment strategies, and long term 
outcomes.

        Data Analysis 

    Complex Cohorts Require Complex 
Statistical Techniques 

 An important lesson learned in the CHSS Data 
Center has resulted from the use of complex 
statistical techniques to evaluate the complex 
management strategies utilized in our multi-
institutional patient cohort. This strategic focus 
distinguishes the CHSS from more traditional 
large-scale research ventures that tend to focus 
on straightforward comparisons using prospec-
tive randomized trial designs. Although random-
ized trials can facilitate direct evaluation of very 
specifi c hypotheses, randomized designs are less 
appropriate when a wide range of management 
options exist and/or the condition to be studied is 
rare. Under such circumstances, it is frequently 
not feasible to incorporate multiple management 
options into a randomized controlled trial design.  

    Evolution of Statistical Techniques 

 The data abstracted in the Data Center is derived 
from highly complex cohorts and the complex-
ity in our cohorts is a direct result of the inter-
action between a wide array of management 
options in common clinical practice, the high 
degree of variability in the timing of these inter-
ventions between institutions, and the relatively 
high probability of multiple reinterventions and 
diagnostic procedures. An example of a complex 
cohort is demonstrated in Fig.  13.4 . In order to 
deal with this complexity, the Data Center has 
evolved to utilize a wide array of advanced statis-
tical techniques to facilitate analysis of extremely 
complex cohorts. The statistical evolution of the 
CHSS Data Center has been led by Drs. Eugene 
Blackstone and Brian McCrindle, Sally Cai, and 
the Kirklin/Ashburn Fellows.

       Statistical Techniques in Use 
at the CHSS Data Center 

    Parametric Hazard Phase 
Decomposition 
 CHSS studies incorporating parametric hazard 
analysis nearly always incorporate a method 
pioneered by Eugene Blackstone and colleagues 
to decompose the overall time-related hazard 
(Fig.  13.5a ) into as many as three ‘phases’ [ 4 ] 
(Fig.  13.5b ). This method is well-suited to model 
the hazard of various outcomes surgical patients 
because it can account for transient but high 
‘early phase’ of postoperative risk, a period of 
attrition at a constant rate (the ‘constant phase’), 
and a ‘late phase’ of increasing risk. This method 
permits the identifi cation of risk factors unique to 
each phase. Risk factors which modify one phase 
may not always be incorporated into the model 
describing another phase. For example, factors 
which are associated with early postoperative risk 
of death may quite different than factors associ-
ated with death in the late postoperative period.

   The decomposition of hazard into phases is a 
fundamental strategy and serves as the statistical 
method of choice for almost all of our analyses. 
Adoption of this method has permitted accurate 

  Fig. 13.3    Anomalous aortic origin of the right coronary 
artery ( large arrow ) from the left coronary sinus ( small 
arrow  identifi es left main coronary artery) [ 10 ]       
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modeling of every ‘shape’ of hazard curve yet 
observed, permitted the identifi cation of risk fac-
tors unique to each phase, and facilitated the use 
of parametric analyses.  

    Time Zero 
 Nearly every Data Center study uses survival 
analysis methods which require that one defi ne 
a “time zero” as the starting time for the analy-
sis. We defi ne time zero as the time at which the 
patients becomes at risk of the defi ned outcome. 
For example, a study of surgical techniques 
which evaluate survival after tetralogy of Fallot 
repair would specify time zero as the initiation 
of the surgical repair. In contrast, a diagnosis-
based study of tetralogy of Fallot would spec-
ify time zero as the moment the diagnosis was 
made – irrespective of a surgical procedure. The 
latter example would include patients who are 
not expected to undergo surgery or die prior to 
planned surgery. 

 Practical aspects of data abstraction present 
certain challenges. For example, the date of diag-
nosis may actually precede birth when the diag-
nosis is made in utero. Similarly, if the diagnosis 
is made outside the CHSS member institution, 
the precise date may be unavailable if the Data 
Center does not have access to records of that 
initial diagnostic study (which is often the case). 
When formulating the precise research question it 
is best to specify time zero with careful consider-
ation of these practical issues, in order to ensure 
that all patients in the study can be proven to have 
become at risk at a precise date (and not the date 
of their transfer to the CHSS member institution).  

    Advantages of Parametric Hazard 
Analysis 
 A major benefi t of parametric hazard analysis 
over more traditional non-parametric and semi- 
parametric methods (e.g., Cox regression) is 
the generation of prediction plots by solving the 
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  Fig. 13.5    Functions used to describe time-related events. 
( a ) The cumulative hazard function accelerates rapidly 
before reaching a constant slope. Later, it begins to rise 
rapidly again. This cumulative hazard function corre-
sponds to a survivorship function which decreases rap-
idly, then stabilizes before accelerating again. The hazard 
function is infi nite at time zero, decreases to a constant 

rate and then increases late in follow-up. ( b ) The hazard 
function, decomposed into early, constant and late phases. 
Each phase quantifi es the hazard according to time. The 
sum of these three phases of hazard is equivalent to the 
overall hazard function from the upper panel (Reprinted 
from Blackstone et al. [ 4 ])       

  Fig. 13.4    A wide variety of management strategies were 
utilized in the care of patients with Interrupted Aortic 
Arch. This fi gure illustrates the complex of management 
strategies. There is signifi cant crossover amongst treatment 
pathways, and a large number of unplanned intervening 

procedures between planned stages of repair. An analysis 
of outcomes amongst this diffi cult group of patients neces-
sitates that the statistical methods account for the complex-
ity of management (Reproduced with permission from the 
Congenital Heart Surgeons’ Society Data Center)       

 

 

13 The Academic Database: Lessons Learned from the Congenital Heart Surgeons’ Society Data Center



180

parametric equation to refl ect changing values of 
one or more risk factors included in the model. 
While Cox regression can support basic plots in 
which a single covariates may change, the results 
of Cox regression are generally presented in tables 
due to the poor compatibility of this method with 
graphical display of results. Cox regression does 
not support the creation of prediction plots based 
upon multiple changing values of covariables. 
Parametric hazard analysis, on the other hand, 
can easily support the creation of prediction plots 
refl ecting any clinically feasible combination of 
values amongst the covariables (so long as they do 
not exceed the bounds of the original data). As a 
result, the reader can readily differentiate between 
a statistically signifi cant result of low (and clini-
cally unimportant) magnitude, and a statistically 
signifi cant covariable that is associated with clini-
cally important changes in outcome when modu-
lated. The ability to directly compare time-related 
prediction estimates between multiple signifi cant 
covariables which are simultaneously changing 
permits the graphical presentation of as many 
prediction curves as desired, with any combina-
tion of changes amongst any or all of the covari-
ables included in the model. Feedback from our 
studies incorporating these prediction plots has 
been very positive because they facilitate visual 

representation of the impact of alterations in a risk 
factor. An example is shown in Fig.  13.6 . This plot 
shows the predicted durability of a hypothetical 
aortic allograft inserted into a child with no other 
known risk factors for allograft failure and under-
goes (or does not undergo) conduit stenting at 1 
and 4 years after insertion. The dotted lines indi-
cate the predicted time-related allograft durability 
if the conduit were not stented at the 1 or 4 year 
mark. The table within this manuscript [ 5 ] listed 
a parameter estimate of 0.33 and a p value <0.01. 
These numerical data are not nearly as informative 
as a plot of time-dependent durability according 
to whether the conduit was stented 0, 1 or 2 times.

       Competing Risks 
 More traditional mortality studies can often be 
addressed by consideration of a simple binary 
outcome – e.g., survival versus death. Children 
with congenital heart disease, however, are often 
subject to multiple mutually exclusive ‘compet-
ing risks’ that often include death but may also 
include cardiac transplantation, re-operation or 
the achievement of one or more types of ‘defi ni-
tive’ repair. Competing risks can be separated to 
form multiple estimates of time-related hazard 
of each competing risk [ 2 ]. At any point in time 
the survival estimate of the sum of the various 
competing risks always equals 100 %. Thus, a 
survival curve can be generated for each com-
peting endstate and then decomposed into hazard 
phases to identify risk factors specifi c to each haz-
ard phase for the respective end-state. Opting not 
to use competing risks methods requires that the 
researcher either ignore certain end-states, or com-
bine the competing risks of different end- states 
into a binary outcome. If this is done, the patients 
at risk can be inappropriately censored, falsely 
reducing the denominator. Thus the estimate of 
risk for the binary outcome may be overestimated 
if the Kaplan-Meier method is used when there 
are more than two mutually exclusive possible 
outcomes [ 6 ]. Figure  13.7 , from a seminal paper 
by McGiffi n and colleagues, demonstrates the dif-
ferences in estimates of cardiac transplantation 
depending on whether death is considered as a 
separate outcome from transplant (i.e., competing 
risks) or is not (i.e., the Kaplan- Meier method).

   The Data Center began using the competing 
risks method over a decade ago to evaluate our 
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  Fig. 13.6    Solution of the parametric equation illustrating 
the durability of a non-decellularized aortic allograft with 
z-score +2 inserted in a child with no other risk factors, 
who underwent two successive conduit stentings at 1 and 
4 years after insertion. The  solid line  depicts predicted 
durability over years since conduit insertion on the x-axis. 
 Dotted lines  denote predicted durability in a child who did 
not undergo the fi rst or second conduit stenting proce-
dures. Each stenting is associated with an approximate 
18 % reduction in 8-year durability (From Poynter et al. 
[ 5 ], copyright 2013, with permission from Elsevier)       
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pulmonary atresia with intact ventricular septum 
cohort [ 2 ]. The analysis utilized the mutually 
exclusive end-points of: survival without repair, 
death, transplantation, univentricular repair, biven-
tricular repair or 1.5-ventricle repair (Fig.  13.1 ). 
Factors associated with each of these unique end-
states were identifi ed. Had we performed a more 
traditional, separate sub-analysis of each of these 
important groups, important information about 
those who did not experience each outcome of 
interest would have been unaccounted for. The les-
son here is that utilizing a competing risks analy-
sis is essential when study subjects are at risk of 
multiple mutually exclusive outcomes (Fig.  13.8 ).

       Segmentation of Longitudinal Records 
to Facilitate Analysis 
 A further extension of parametric hazard analysis 
can also include the incorporation of time- 
dependent covariables into the record. Using this 
method, each patient’s longitudinal record may be 
divided into multiple intervals punctuated by 
interval events (e.g., multiple catheter interven-
tions between surgical procedures) that are 

expressed as separate observations within the 
dataset. Each evaluated time interval contains 
time-independent variables (constant values such 
as gender) and time-dependent variables (such as 
the number of cumulative catheter interventions 
on the repair). Along with those variables, the 
dataset structure includes a mechanism to ‘stitch 
together’ each segment to replicate the longitudi-
nal record as certain  values change over time 
(Fig.  13.9 ). This technique was used most recently 
by the Data Center in an analysis by Poynter and 
colleagues to analyze the durability of right ven-
tricle to pulmonary artery conduits [ 5 ].

       Propensity Score Matching 
 The Data Center performs observational incep-
tion cohort studies rather than randomized con-
trolled trials. Although observational studies are 
well suited to the study of congenital heart dis-
ease, on occasion we have had a need to balance 
groups for comparison. We have used balancing 
scores in order to provide more meaningful com-
parisons of groups. One type of balancing score 
called a propensity score has proven to be of 
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  Fig. 13.7    Comparison of the Kaplan-Meier method ver-
sus competing risks methodology in analyzing outcomes 
of patients awaiting heart transplantation. The parametric 
estimate of proportion of patients who are transplanted by 
use of Kaplan-Meier right-censoring to remove patients 
from the denominator at risk and dying while waiting 
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patients who will actually undergo  transplantation ( lower 

curve ) are shown. The upper curve overestimates the 
transplantation probability by removing patients who 
have died while awaiting transplant. The lower curve is a 
more accurate estimate of the proportion of patients who 
will actually be transplanted, because it has considered 
the competing risk of death separately (From McGiffi n 
et al. [ 6 ])       
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particular value. These scores refl ect the prob-
ability of a given patient to have fallen in one 
group or the other, based upon various demo-
graphic and morphologic characteristics. The 
scores are included in the parametric hazard anal-
ysis to adjust for differences in baseline charac-
teristics among the groups for comparison. This 
well- established statistical method has proven to 
be an essential tool to minimize (but not elimi-
nate) an important limitation of our observational 
studies – i.e., that patients are not randomized 
into treatment groups.  

    Modulated Renewal 
 Management of patients with congenital heart 
disease often requires post-operative reinterven-
tion. Thus the repair is ‘renewed,’ just as if an 
old pair of shoes was re-soled. Using the re-soled 
shoe analogy, we hypothesize that the new sole 
may be ‘better than new’, ‘as good as new’, or 
‘worse than new’- depending on the durabil-
ity of the new sole. Similarly, a surgical repair 
may have any of the same three potential tra-
jectories depending on the durability of the re- 
intervention. The statistical technique is called 
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  Fig. 13.8    A competing risks analysis is used to examine 
the relationship between tricuspid valve z-score, inter- 
institutional management patterns, and a group of mutu-
ally exclusive endstates. The z-score was previously 
found to be a useful surrogate for the size and adequacy of 
right heart structures in pulmonary atresia with intact ven-
tricular septum. Using this analysis, it is apparent that 
there are differences in the relationship between tricuspid 
valve z-score and death between institutions. Importantly, 
it is also apparent that some institutions (e.g. Institution T) 
use a Fontan strategy across a wide spectrum of tricuspid 
valve z-scores with a low death rate, but at the expense of 

failing to offer two-ventricle palliation to patients with 
relatively large tricuspid valves (e.g. z-scores between 0 
and −2). In contrast, Institution L chose more frequent 
two-ventricle repairs (and less frequent Fontan strategies) 
in patients with small tricuspid valves with a relative 
increase in the death rate in the patients with the smallest 
tricuspid valves. Finally, Institution E had a balanced 
strategy with two-ventricle repairs in patients with larger 
tricuspid valves and Fontan strategies in patients with 
smaller tricuspid valves – and a corresponding low death 
rate across the spectrum of tricuspid valve z-scores 
(Reprinted with permission from Ashburn et al. [ 2 ]       

 

C.A. Caldarone et al.



183

modulated renewal. Jegatheeswaran and col-
leagues used modulated renewal methodology to 
characterize the risk of re-interventions among 
children with repaired interrupted aortic arch [ 7 ] 
and the analysis provides insight into the degree 
to which interrupted aortic arch is a chronic con-
dition that frequently requires multiple subse-
quent reinterventions.  

    Scoring Systems Based on Common 
Dataset Integrated Parametric Models 
 Another important lesson learned through experi-
ence concerns the creation of clinical calculators. 
Hickey and colleagues developed a parametric 
equation to facilitate decision making in neo-
nates with critical aortic stenosis in whom one- 
and two- ventricle repairs were being considered 
[ 8 ]. The authors used a parametric equation to 
estimate 5-year survival if the same (theoretical 
patient) had a one-ventricle repair compared to 

a two-ventricle repair. Surgeons using the cal-
culator could input specifi c patient variables 
to generate an estimate the relative advantage 
(or disadvantage) of a one-ventricle over a 
two- ventricle repair. The calculator translates 
a  complex statistical model into a practical tool 
to facilitate clinical decisions at the bedside.    

    Conclusion 

 The CHSS Datacenter is a unique research 
organization that has evolved and learned 
since 1985. The focus on rare lesions and 
complex management strategies has played 
to the strengths of the Data Center: superb 
statistical leadership, a dedicated Data 
Center staff collecting data from institutions 
across North America, and lifetime follow 
up of our cohorts. The institution of the 
Kirklin/Ashburn Fellowship has been a crit-
ical ingredient in our ongoing academic 
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  Fig. 13.9    Example of “chopping” of a hypothetical 
child’s longitudinal record into multiple discrete seg-
ments. Time zero is set to the date of initial pulmonary 
allograft insertion, which was followed by conduit bal-
loon dilatation with stenting, surgical conduit repair, and 
fi nally conduit replacement, at 1-year intervals. Thus, the 
four events are used to punctuate three segments that are 
used to model the occurrence of these events. Records 1, 
2 and 3 refer to segments AB, BC and CD along the time-
line. Record 1 has a left censoring time of A and a right- 
censoring time of B, record 2 is left censored by B and 
right censored by C, and so on. The variables puhomo1 
and condz1 are constant because they refer to the initial 
type and z-score of the conduit, respectively. However, the 
variables blns_no (cumulative number of conduit dilata-

tions with stenting) and rpr_no (cumulative number of 
surgical conduit repairs) are time-varying; each variable 
turns from 0 to 1 when the corresponding interval arises. 
These two variables track the cumulative exposure to 
these interval treatment events, thus the values are ordinal 
and do not decrease with time. A proposed method to 
incorporate many longitudinal echocardiographic mea-
surements of conduit dysfunction – a heretofore unmet 
challenge in parametric hazard analysis of this type – 
would involve the expansion of the “events” bracketing 
each interval by including various echocardiographic 
measurements from dozens of diagnostic studies per-
formed across the entirety of the patient record 
(Reproduced from Poynter [ 11 ])       
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success. All this, however, would never have 
been possible without the steadfast fi nancial 
support and academic contributions of the 
membership of the Congenital Heart 
Surgeons Society.     
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        Background 

 Large multicenter databases and registries have 
become increasingly utilized in the fi elds of pedi-
atric cardiology and pediatric cardiac surgery 
over the past two decades [ 1 ]. These datasets 
serve several functions. First, they have allowed 
several different types of clinical research 
analyses including outcomes and comparative 

 effectiveness type studies [ 2 – 4 ]. Due to the rela-
tive rarity of congenital heart disease, studies 
from a single center often lack statistical power 
or may have limited generalizability due to varia-
tion in practice and outcomes across centers. 
The use of large multicenter datasets helps to 
overcome these limitations. Health policy type 
analyses have also been conducted, such as inves-
tigations of the impact of center surgical volume 
or other structure and process measures on patient 
outcomes [ 5 ,  6 ]. In addition, large multicenter 
databases have been used for quality improve-
ment purposes [ 7 ,  8 ]. As discussed in the previ-
ous chapters, several professional societies and 
other organizations now collect data across many 
centers regarding specifi c groups of patients 
with congenital heart defects, or those undergo-
ing certain procedures. These data are then used 
to provide feedback to programs regarding out-
comes benchmarked to national averages and 
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peer institutions. This information may also be 
used for collaborative learning purposes where 
centers with the optimal outcomes are identifi ed, 
best practices elucidated, and shared with other 
participating centers with the aim of improving 
overall quality of care and outcomes. Finally, 
information from large multicenter pediatric 
cardiac datasets has also been used for the pur-
poses of public reporting of outcomes, ranking of 
 hospital performance, and in some cases by large 
payers as evidence with which to base selective 
contracting, etc. [ 9 – 11 ].  

    Types of Datasets 

 In general there are two main types of data-
sets used for the purposes described above 
(Table  14.1 ).

      Clinical Registries/Databases 

 These datasets are often run by professional 
societies or research groups for the purposes of 
quality improvement and/or research investiga-
tion. They are most often specifi c to a particular 
type of congenital heart disease, or collect infor-
mation on patients undergoing specifi c types 
of procedures, e.g. congenital heart surgery, or 
cardiac catheterization. As described in the pre-
vious chapters, many of these types of datas-
ets now exist in the fi eld; examples include the 
Society of Thoracic Surgeons (STS) Congenital 

Heart Surgery Database, and the American 
College of Cardiology Improving Pediatric and 
Adult Congenital Treatment (IMPACT) Registry 
[ 7 ,  12 ]. Clinical registries and databases col-
lect detailed information using standardized 
defi nitions specifi c to patients with congenital 
heart disease. Outcomes data captured are most 
often focused on clinical outcomes and may not 
include resource utilization data. Data are usually 
collected and entered by trained data managers 
under the direction of the clinical care team, or in 
some cases directly by clinicians. While partici-
pation is usually “voluntary”, there are generally 
guidelines regarding the inclusion/exclusion of 
cases, and many datasets perform audits to evalu-
ate the inclusion of eligible cases, and assess the 
degree of accuracy of important variables [ 7 ].  

    Administrative Datasets 

 Administrative datasets contain information 
already being collected for the purposes of hos-
pital billing or insurance claims. They are not 
specifi c to congenital heart disease and most 
often collect information regarding all hospital-
ized patients at a state or national level, or all 
patients covered by a certain payer or insurer. 
Alternatively, some employ sampling strate-
gies that allow a fi xed sample of patients or 
hospitals to represent the overall sample [ 13 ]. 
Examples of these types of datasets include the 
Children’s Hospital Association Pediatric Health 
Information Systems (PHIS) Database, the 

   Table 14.1    Administrative vs. clinical data   

 Type of dataset 

 Clinical  Administrative 

 Population  Specifi c to CHD patients  All hospitalized patients 
 Purpose  Run by professional societies

or research groups for purposes
of research or QI 

 Data collected for
hospital billing purposes 

 Coding  CHD-specifi c codes  ICD-9 codes 
 Data collection  Trained data managers/clinicians  Billing personnel 
 Data 
  CHD comorbidities/clinical outcomes  Detailed  Limited 
  Resource utilization data  Limited  Detailed 

   CHD  congenital heart disease,  ICD  International Classifi cation of Diseases, 9th Revision,  QI  quality improvement  
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Agency for Healthcare Research and Quality’s 
Healthcare Cost and Utilization Project datas-
ets such as the Kid’s Inpatient Database (KID), 
and state Medicaid datasets. Administrative 
datasets most often capture information in the 
form of a Uniform Hospital Discharge Dataset, 
which is a uniform minimum dataset that cap-
tures information about a hospitalization includ-
ing demographics, International Classifi cation 
of Diseases, version 9 (ICD-9) diagnosis and 
procedure codes, outcomes such as mortality, 
and important resource utilization data such as 
hospital charges [ 1 ]. Some datasets such as the 
PHIS database capture additional resource uti-
lization data such as utilization of medications, 
laboratory tests, imaging, etc. The codes and data 
captured in administrative data sources are not 
specifi c to congenital heart disease. The data are 
captured by hospital coding and billing profes-
sionals. Data capture and submission is generally 
mandatory, and inclusive by the nature of these 
types of datasets.   

    Strengths and Weaknesses 
of Clinical vs. Administrative 
Datasets 

 The relative merits of these different types of 
datasets have been debated for several years. In 
cardiac surgery, many concerns were initially 
raised in the 1980s when the U.S. Health Care 
Financing Administration (HCFA) sent reports to 
each US cardiac surgeon informing them of their 
outcomes based on analyses of administrative 
data [ 14 ]. While the validity of the data was ques-
tioned in many cases, there were no alternative 
data sources at the time that could be analyzed. 
This prompted the formation of the Northern New 
England Cardiovascular Disease Study Group, a 
group of cardiac surgeons and epidemiologists 
representing several programs in Northern New 
England. This group conducted pioneering work 
in the fi eld to develop one of the fi rst clinical reg-
istries designed to collect uniform information 
on cardiac surgery patients. In particular, given 
the concerns regarding the HCFA data, the group 
was interested in ensuring that all relevant cases 

were captured, and that data were captured to 
allow for accurate adjustment for important dif-
ferences in patient characteristics and case mix 
when evaluating outcomes across institutions. 
The registry subsequently served as the foun-
dation for collaborative learning and quality 
improvement, which led to an overall improve-
ment in outcomes across the region [ 14 ]. Since 
that time, many other clinical registries have been 
developed by other groups, and the strengths and 
weaknesses of administrative and clinical data 
continue to be debated. In assessing the relative 
merits of these different types of datasets, there 
are several important issues to consider. 

    Case Ascertainment 

 The fi rst important area to consider surrounds 
issues related to case ascertainment; this includes 
both whether the dataset captures all relevant 
cases (for example all patients undergoing con-
genital heart operations at a hospital), and also 
whether the cases are coded correctly. On the one 
hand, proponents of administrative data note that 
these datasets may be more generalizable since 
by design they are inclusive of all patients and 
programs either nationally or in a specifi c region 
or state [ 1 ]. In addition, it is argued that there 
may be less potential for “gaming the system” or 
omission of cases with less than optimal outcomes 
from inclusion in the dataset, as the individuals 
collecting and submitting administrative data are 
not being judged or evaluated based on the data, 
while this may not be the case with clinical reg-
istry data where practitioners whose performance 
is being evaluated may be involved in the collec-
tion and submission of the data. However, over 
the past several years as many clinical registries 
have expanded, issues related to generalizability 
have become less of a concern. For example, the 
STS Congenital Heart Surgery Database now 
represents more than 85 % of all US pediatric 
heart surgery programs [ 7 ]. Submission of all 
eligible cases is most often a stipulation of par-
ticipation in a clinical registry, however mecha-
nisms to ensure this are still under development 
in many cases. While some registries have audit 
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programs that aim in part to evaluate appropriate 
inclusion of all cases, this is not uniform across 
all registries. 

 The other important issue related to case 
ascertainment involves accurate coding of cases. 
It has long been known that ICD-9 codes do not 
cover the breadth and depth of congenital heart 
disease or procedures. For example, there is no 
ICD-9 code for the Norwood operation. Thus, a 
combination of various diagnosis and procedure 
codes are often used by investigators in order to 
attempt to identify patients undergoing certain 
types of operations, including the Norwood oper-
ation, in analyses using administrative data. In 
addition to problems with the codes themselves, 
while the administrative coding personnel are 
skilled at coding, they likely have limited knowl-
edge of congenital heart disease, and do not have 
regular contact with the medical team to clarify 
confl icting data or inconsistent documentation in 
the medical record. Several groups have investi-
gated the scope of this problem related to mis-
coding of cases. Our group recently performed 
an analysis of more than 55,000 children across 
33 hospitals undergoing congenital heart surgery 
who each had information collected and coded 
in both a clinical registry (STS Congenital Heart 
Surgery Database), and an administrative dataset 
(PHIS Database) [ 15 ]. We compared the opera-
tion coded for each patient between datasets. 
Using the clinical registry data as the gold stan-
dard, we found that for four of eight benchmark 
operations analyzed, there was a greater than 
10 % difference in the number of cases identifi ed 
in the administrative vs. the clinical data. While 
the negative predictive value of the administrative 
data was high across operations (98.8–99.9 %), 
the positive predictive value was lower (56.7–
88.0 %). This indicates that it is highly likely 
that a patient without a certain operation coded 
in the administrative data truly did not have that 
operation performed as assessed in the clinical 
registry. Conversely, the lower positive predictive 
value indicates that many patients coded as hav-
ing undergone a certain type of operation in the 
administrative data are false positives and actu-
ally had a different operation performed based 
on evaluation of the clinical registry data. In 

 addition to individual operations, we also evalu-
ated categories of operations with similar mortal-
ity risk [the Risk Adjustment in Congenital Heart 
Surgery (RACHS) categories]. Overall, the per-
cent agreement between the administrative and 
clinical registry data regarding RACHS category 
assignment was 68.4 %. We also found that there 
were relatively consistent fi ndings across hospi-
tals with regard to misclassifi cation/miscoding, 
suggesting that these discrepancies are likely 
more related to the limitations of the ICD-9 sys-
tem and coding methodology itself, rather than 
related to any hospital-specifi c factors such as 
volume or case mix [ 15 ]. Several other studies 
have also reported similar fi ndings regarding 
differences in coding and case ascertainment 
between administrative and clinical datasets [ 16 –
 18 ]. These fi ndings may have implications for the 
use of administrative datasets in evaluation of the 
number and type of congenital heart operations 
or cases across institutions.  

    Risk Adjustment 

 A second important area to consider in evaluating 
the relative merits of clinical vs. administrative 
data involves risk adjustment. Accurate adjust-
ment for potential differences in important patient 
characteristics and case mix is important in a 
variety of situations, including when comparing 
or reporting outcomes across hospitals, or when 
comparing groups of patients in an observational 
analysis. Because administrative datasets and the 
ICD-9 coding system are focused on the larger 
general population of hospitalized patients, they 
do not necessarily collect information regarding 
important comorbidities or patient characteristics 
that are more specifi c to patients with congenital 
heart disease. For example, it is well known that 
weight at surgery is an important factor impact-
ing outcome following congenital heart surgery, 
particularly in neonates [ 19 ]. However this vari-
able is not collected in many administrative data-
sets. While clinical registries often collect more 
specifi c data related to comorbidities and charac-
teristics of patients with congenital heart disease, 
there are still certain limitations in that not every 
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potential variable of interest may be captured, 
particularly those that may only pertain to only a 
subset of diagnoses or procedures. 

 Another issue is related to “date-stamping.” 
This refers to the fact that ICD-9 diagnosis codes 
do not differentiate between conditions present 
at admission vs. those that developed during the 
hospitalization and may be complications. Thus, 
there can be misidentifi cation of post-operative 
complications as comorbidities, and vise versa. 
Some datasets have begun to address this by 
including a variable that indicates “present on 
admission.”  

    Outcomes Assessment 

 A fi nal topic of consideration relates to outcomes 
assessment. First, because of the general nature 
of administrative datasets and ICD-9 codes, they 
may not capture all outcomes of specifi c inter-
est to the congenital heart disease population, for 
example certain post-operative complications. 
Second, studies in the adult literature suggest 
that there can be signifi cant miscoding or mis-
classifi cation of certain outcomes such as post-
operative complications in administrative data. 
For example, a recent analysis compared records 
of patients with information collected both in 
a Medicare claims data set (an administrative 
dataset) and the American College of Surgeons 
National Surgical Quality Improvement 
Program (ACS-NSQIP) registry [ 20 ]. Across 
117,752 patients from more than 200 hospitals, 
investigators found that the sensitivity of the 
administrative data for detecting post-surgical 
complications coded in ACS-NSQIP ranged 
from 0.27 to 0.78 across various major compli-
cations. Although differences in complications 
have not been investigated extensively in the 
congenital heart surgery population, coding and 
capture of in-hospital mortality has been evalu-
ated. In our recent analysis of more than 55,000 
children across 33 hospitals who had data col-
lected in both the STS Congenital Heart Surgery 
Database (clinical registry), and the PHIS 
Database (administrative dataset), we found that 
overall there was 99.83 % agreement between 

databases in in-hospital mortality, suggesting 
that there is not signifi cant miscoding or capture 
of mortality data between these datasets [ 15 ]. 

 In addition to the capture and correct coding 
of outcomes themselves, a second issue relates 
to errors in outcomes assessment due to miscod-
ing or misclassifi cation of cases. In other words, 
are there differences in the outcomes reported for 
certain diagnosis or procedure groups between 
datasets that are not related to the coding of the 
outcomes themselves, but related to differences 
in coding of the diagnosis or procedure across 
datasets? Our recent work with the STS and 
PHIS databases has investigated this further. We 
found that the differences in case ascertainment 
between data sources described above led to sig-
nifi cant differences in outcomes assessment, for 
example an underestimation of mortality associ-
ated with truncus arteriosus repair by 25.7 % to 
an overestimation of mortality associated with 
ventricular septal defect repair by 31 % [ 15 ]. 
Differences were also found when evaluating 
mortality associated with larger groups of opera-
tions (the RACHS categories) between datasets, 
however these did not reach statistical signifi -
cance. Importantly, only patients with concor-
dant mortality status between the datasets were 
included in this analysis, in order to eliminate 
the possibility that any difference in outcomes 
identifi ed might be related to differences in the 
coding of the outcomes themselves, rather than 
difference in the coding/classifi cation of opera-
tions [ 15 ]. These fi ndings may have implications 
for the use of administrative data in outcomes 
assessment, particularly at the level of individual 
congenital cardiac operations. 

 A fi nal point to consider is the type of out-
comes collected by clinical vs. administrative 
data sources. While clinical registries often col-
lect more detailed clinical outcomes data, they 
most often do not collect the valuable resource 
utilization information contained in administra-
tive datasets. In this era of increasing health-
care expenditures, it has become increasingly 
important to incorporate measures of cost into 
many analyses, as hospitals are under increas-
ing pressure to not only optimize quality of care 
and outcomes, but also to reduce costs [ 21 ]. The 
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detailed resource utilization data contained in 
many administrative datasets is very valuable for 
these types of evaluations. Finally, neither type 
of dataset currently contains long-term follow up 
information, and most are focused primarily on 
in-hospital or short term outcomes. Methodology 
to incorporate longer-term clinical outcomes, 
resource utilization, and neurodevelopmental 
outcomes and quality of life is needed.   

    Conclusions 

 In summary, there are several important points 
to consider when evaluating the relative merits 
of administrative vs. clinical registry data, 
including issues related to case ascertainment, 
risk adjustment, and outcomes assessment. 
These factors may impact the relative utility of 
each type of dataset in outcomes and quality 
analyses, and in the evaluation of hospital per-
formance. It is also important to note that 
while each type of dataset has its advantages 
and disadvantages, it is possible to capitalize 
on the strengths and mitigate some of the 
weaknesses of each dataset through database 
linkage strategies which allow for robust 
investigations not possible with either type of 
dataset alone [ 22 ]. This will be discussed fur-
ther in Chap.   30    .     
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Quality Improvement, and Patient Safety”, 
Tuesday, September 20, 2011 and Wednesday, 
September 21, 2011, Selwyn College, University 
of Cambridge, Cambridge, United Kingdom, 
and, subsequently published in the World Journal 
of Pediatric and Congenital Heart Surgery [ 1 ]. 

 Even the busiest pediatric cardiac transplant 
centers have averaged fewer than 21 transplants 
per year over the past 25 years [ 2 ]. Thus, in com-
mon with other areas of pediatric heart surgery, 
outcomes analysis is hampered by the limited 
sample size available at any individual institution. 
In this setting, multi-institutional data collection 
is necessary in order to develop statistically-
sound, comprehensive analyses and conclusions. 

 There are multiple databases, including both 
voluntary multi-institutional collaborations and 
federally mandated submissions, containing 
clinical outcomes data on patients undergoing 
cardiac transplantation. Each of these databases 
has advantages and disadvantages. A thorough 
understanding of the historical background, data 
collection and distribution, and techniques of 
analysis each dataset is important in critically 
evaluating published outcomes data.  

    The UNOS/SRTR Database 

    Historical Background 

 There is an alphabet soup of acronyms for organi-
zations involved in administering transplantation 
with the United States of America. The dataset that 
is commonly referred to as the United Network for 
Organ Sharing (UNOS) Database consists of infor-
mation collected by UNOS and maintained and 
analyzed by the Scientifi c Registry of Transplant 
Recipients (SRTR). UNOS is the public corpora-
tion which administers the Organ Procurement 
and Transplant Network (OPTN), under con-
tract with the federal government. In addition to 
administering the OPTN, UNOS performs other 
functions including education and awareness of 
issues surrounding organ donation and transplan-
tation. In the literature, the UNOS Database may 
be referred to by any of the following acronyms: 
SRTR database, UNOS database, OPTN database 

(or combinations thereof). The acronym used is 
often an indicator of the administrative source of 
data analyzed. However, in all cases the majority 
of the underlying data is collected by UNOS as 
part of the process of listing, donation, transplan-
tation, and follow-up. SRTR combines this infor-
mation with data from other sources including the 
Social Security Death Master File. Throughout 
this chapter we have referred to this database as 
the  UNOS / SRTR database . 

 From the fi rst successful renal transplant (in 
1954) and the fi rst organ retrieval from a cadav-
eric donor (in 1962) through the 1970s, trans-
plantation was coordinated by local and regional 
groups of hospitals and transplant physicians 
[ 3 ,  4 ]. This resulted in variability in the provi-
sion of transplant care, including defi nitions of 
donor brain death and the allocation of donor 
organs. In response to this variability (as well 
as a concern about monetary remuneration of 
donors), the United States Congress passed the 
National Organ Transplantation Act (NOTA) in 
1984. Among its effects was the creation of a 
single Organ Procurement and Transplantation 
Network (OPTN) and nationalization of 
the transplant lists. The United Network for 
Organ Sharing (UNOS) (a successor to one 
of the regional groups: Southeastern Organ 
Procurement Organization), has had the contract 
to administer the OPTN since its inception. 

 As part of developing equitable organ alloca-
tion schemes, NOTA stated explicitly that one of 
the roles of the OPTN was to “collect, analyze, 
and publish data concerning organ donations 
and transplants.” It also established what would 
become the Scientifi c Registry of Transplant 
Recipients (SRTR):

  The Secretary [of Health and Human Services] 
shall, by grant or contract, develop and maintain a 
scientifi c registry of the recipients of organ trans-
plants. The registry shall include such information 
respecting patients and transplant procedures as 
the Secretary deems necessary to an ongoing eval-
uation of the scientifi c and clinical status of organ 
transplantation [ 5 ]. 

   The SRTR is currently administered by the 
Minneapolis Medical Research Foundation 
(MMRF) and supports ongoing evaluation of solid 
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organ transplantation. By providing a rigorous 
data and analytic component, it has an essential 
role in providing data to support the development 
of evidence-based policies of allocation through 
collaboration with the transplant community and 
OPTN. Therefore, NOTA enshrined ongoing 
data collection and analysis as an integral part of 
OPTN and organ transplantation. 

 In addition to the contracted analytic functions 
of the SRTR, the OPTN Final Rule committed to 
the importance of public access to scientifi c data:

   Respond to reasonable requests from the public 
for data needed for bona fi de research or analysis 
purposes , to the extent that the OPTN’s or Scientifi c 
Registry’s resources permit, or as directed by the 
Secretary. The OPTN or the Scientifi c Registry may 
impose reasonable charges for the separable costs 
of responding to such requests. Patient-identifi ed 
data may be made available to bona fi de research-
ers upon a showing that the research design requires 
such data for matching or other purposes, and that 
appropriate confi dentiality protections, including 
destruction of patient identifi ers upon completion 
of matching, will be followed. All requests shall be 
processed expeditiously, with data normally made 
available within 30 days from the date of request 
(emphasis added) [ 6 ]. 

   This OPTN Final Rule has resulted in a sit-
uation in which UNOS members (transplant 
centers, organ provider organizations (OPOs), 
histocompatibility laboratories) can obtain free 
access to the entire OPTN dataset. Fee-based 
access is available to interested researchers who 
are not UNOS members through the SRTR, and 
the SRTR can also provide additional program-
ming. The UNOS/SRTR data is thereby both eas-
ily accessible to a wide-range of researchers and 
analyzed in a rigorous and consistent manner by 
the SRTR to provide comprehensive and reliable 
data to UNOS and the public.  

    Data Collection 

 The UNOS/SRTR Database consists of all trans-
plants performed in the United States from 1988 
to the present. It consists of data collected at list-
ing, at transplantation (both regarding the recipi-
ent and the donor), and in yearly follow-up. Data 

submission is a mandatory aspect of member-
ship in UNOS and allocation of organs from the 
OPTN [ 7 ]. However, data submission may not 
necessarily be complete and missing data are a 
persistent problem in analyzing UNOS/SRTR 
data (see below) [ 7 ]. 

 With respect to pediatric heart transplants, the 
primary weakness of the UNOS/SRTR dataset is 
the lack of data collection specifi cally directed 
at issues in pediatric and congenital patients, 
including exact congenital diagnosis, previous 
procedures, and physiologic status when listed. 
To date, studies evaluating congenital heart dis-
ease as a risk factor have had to use the broad 
and non- specifi c designation lumping all patients 
with congenital heart disease (CHD) together [ 8 –
 10 ]. In addition, potential risk factors that may be 
important among pediatric patients may not be 
adequately captured in the adult-centric UNOS/
SRTR dataset; such potential risk factors include 
[ 11 – 16 ]:
•    technical aspects such as the need for pulmo-

nary artery reconstruction,  
•   timing following failure of attempted surgical 

palliation,  
•   preoperative functional status, and  
•   the presence of non-cardiac congenital anom-

alies or genetic syndromes.    
 As the challenges with missing data make 

clear, another important drawback of the UNOS/
SRTR dataset is the lack of an audit mechanism. 
While UNOS audits transplant centers and other 
transplant organizations on a routine basis, it 
is interested primarily in factors which might 
infl uence equitable allocation and quality assur-
ance programs to prevent important errors such 
as misidentifi cation of ABO type resulting in 
hyper- acute graft rejection. Factors which may 
be important to outcomes analysis, including lev-
els of panel reactive antibodies, the numbers of 
previous sternotomies, are unlikely to be audited 
and compared to the medical record for accuracy. 
Therefore, the accuracy of the data (especially 
secondary outcomes such as lengths-of-stay, time 
to rejection episodes, and the incidence of non- 
compliance) has not been independently verifi ed. 

 In addition to the potential for data inaccura-
cies, follow-up data within the dataset is submitted 
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yearly by the transplant center, rather than event-
driven submissions. This strategy of collection of 
data leads to follow-up data with steps refl ecting 
yearly submission of follow-up data forms, rather 
than gradual slopes indicating the actual date of 
occurrence of the event (Fig.  15.1 ). Therefore, 
other than endpoints such as graft failure or death, 
the analysis of long-term outcomes is constrained.

       Data Access and Analysis 

 As noted above, the legislative history of NOTA 
and the OPTN Final Rule has resulted in a data-
base that is easily accessible to a wide-range of 
investigators. The result is that a wide-range of 
investigators with differing interests and differ-
ing expertise have the potential to perform com-
plex statistical analyses of the data and provide 
relatively frequent updates to previous analy-
ses. This contrasts with other multi-institutional 
databases within cardiac surgery, such as the 

Society of Thoracic Surgeons-Congenital Heart 
Surgery Database, the New York State Cardiac 
Surgery Reporting System, and the Pediatric 
Heart Transplant Study. In these cases, access to 
the raw data is limited and controlled. Also, sta-
tistical analyses are often performed by a single 
entity, and funding may be required to reimburse 
for statistical analysis (similar to the SRTR anal-
yses of UNOS/SRTR data). 

 The more open nature of the UNOS/SRTR 
database has resulted in a wide-range of publica-
tions. Often, multiple authors may investigate the 
same question using different methods – as with 
the comparison between bicaval and biatrial anas-
tomoses [ 17 ,  18 ], the impact of ventricular assist 
devices on post-transplant outcomes [ 19 ,  20 ], or 
outcomes following transplantation among adults 
with congenital heart disease [ 8 ,  9 ]. While this 
approach may result in duplicative effort, it often 
results in a broader understanding of the issue, 
and consistency of results across analytic meth-
ods reinforces the reliability of the fi ndings. 
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  Fig. 15.1    Kaplan-Meier estimates of the cumulative haz-
ard of permanent pacemaker insertion after transplanta-
tion. Eight-year estimates are illustrated as a function of 
the type of transplant anastomosis:  CAVAL  Bicaval anas-
tomosis,  ATRIAL  biatrial anastomosis,  TOTAL  total het-

erotopic transplant anastomo- sis. Numbers of subjects at 
risk at each time point are given across the  bottom , and 
standard errors are shown by the  dashed lines . P < 0.0001 
(caval vs atrial) (Reprinted from Davies et al. [ 72 ], with 
permission from Elsevier)       
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 However, the lack of standardization evi-
dent in these various analyses also illustrates 
an important pitfall of open access to raw data. 
Readers of manuscripts based on UNOS/SRTR 
data must be diligent in assessing the statistical 
methods. Different research teams may handle 
missing variables in importantly different ways 
[ 17 ,  18 ], or may convert raw data (especially 
the often informative but labor-intensive text 
fi elds) into variables using different techniques. 
Therefore [ 19 ,  20 ], the open-access nature of the 
UNOS/SRTR data places a higher burden on the 
clinician to evaluate the methods used within 
each individual manuscript.   

    Pediatric Heart Transplant Study 

    Historical Background 

 In the late 1980s, data from both the International 
Society for Heart and Lung Transplantation 
Registry (see below) and UNOS/SRTR suggested 
that there were signifi cant differences in survival 
and risk factors for death between adult and pedi-
atric heart transplant recipients [ 21 ]. In 1991, to 
address the lack of pediatric specifi c date, a group 
of pediatric heart transplant clinicians along with 
investigators within the Department of Surgery at 
the University of Alabama-Birmingham formed a 
voluntary, multi-institutional, collaborative effort 
to “advance the science and treatment of children 
while waiting for cardiac transplantation [ 21 ].” 
This collaborative effort, called the Pediatric 
Heart Transplant Study (PHTS), began collecting 
data in 1993. In 2000, the PHTS adopted a more 
formal structure including a governing board 
and standing committees to supervise various 
aspects of the effort. Members of the PHTS sup-
port research efforts through annual fees. Current 
membership consists of 44 member institutions 
from the United States, Canada, and the United 
Kingdom [ 22 ].  

    Data Collection 

 In contrast to the mandatory, publicly accessible 
UNOS/SRTR database, the PHTS is a voluntary 

association of transplant centers. Membership 
and data submission is voluntary. PHTS cur-
rently includes approximately 66 % of the pedi-
atric transplants performed in the United States 
[ 4 ]. There are several advantages to both the data 
fi elds collected and the data collection methods 
as compared to the UNOS/SRTR data collection. 

 First, because the PHTS is a pediatric-specifi c 
database, data collection is geared toward vari-
ables of particular interest to pediatric transplanta-
tion, including congenital diagnoses and previous 
surgeries [ 23 ]. This advantage is somewhat miti-
gated by changes over time in the diagnostic and 
procedural categories through iterations of data 
collection, reinforcing the importance of stan-
dardized diagnostic and procedural coding, as 
described elsewhere in this book (in the chapter 
by Franklin and colleagues titled:  Nomenclature 
for Congenital and Pediatric Cardiac Disease : 
 Historical Perspectives and the International 
Pediatric and Congenital Cardiac Code ). 

 Second, in contrast to UNOS/SRTR, data col-
lection is event-driven. Following entry into the 
database at listing, information is gathered annu-
ally but also at any of the following events [ 22 ]:
•    transplantation,  
•   death,  
•   rejection,  
•   infection,  
•   malignancy,  
•   allograft vasculopathy, and  
•   retransplantation.    

 Time-to-event analysis is, therefore, more 
robust than within the UNOS/SRTR data set. In 
addition, the information collected at each event 
is much more detailed because data submission 
includes event-specifi c forms.  

    Data Access and Analysis 

 The data is not publicly accessible, nor is it directly 
accessible to member institutions. Instead, data is 
collected and centralized at the PHTS within the 
University of Alabama – Birmingham (UAB). 
Proposals for research are submitted to a Scientifi c 
Committee which meets twice a year to approve 
projects. Statistical analysis is performed by 
PHTS/UAB staff [ 22 ]. While advantages exist in 
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terms of consistency and reliability, this strategy 
does result in a more limited number of publica-
tions derived from the data source. In addition, it 
is important to recognize that the PHTS transplant 
centers primarily higher volume, children’s hospi-
tals. The extent to which the experience within the 
PHTS centers is representative of the experience 
across the broad spectrum of transplant centers 
performing pediatric cardiac transplantation is not 
clear, especially when lower volume centers have 
higher mortality – especially in high risk patients 
(Figs.  15.2  and  15.3 ) [ 24 ].

         Other Databases Including 
Pediatric Transplant Data 

 While the majority of multi-institutional publi-
cations regarding pediatric cardiac transplanta-
tion are based on either UNOS/SRTR or PHTS 

data, other databases have important applications 
in analyzing outcomes of children undergoing 
cardiac transplantation. These additional data-
bases that capture information related to patients 
undergoing transplantation for pediatric and con-
genital cardiac disease include:
•    The International Society for Heart and Lung 

Transplantation (ISHLT) Registry,  
•   INTERMACS/PEDIMACS, and  
•   The Society of Thoracic Surgeons-Congenital 

Heart Surgery Database (STS-CHSD).    

    International Society for Heart 
and Lung Transplantation (ISHLT) 
Registry 

 The ISHLT created its transplant registry to 
provide an ongoing assessment of the status 
of thoracic organ transplantation worldwide. 
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It  currently aggregates data from nearly 400 
transplant centers, including both individual 
institutions and through data interfaces with gov-
ernment agencies including UNOS/SRTR [ 25 ]. 
As such, the data has the same weaknesses as 
UNOS/SRTR data, magnifi ed across the diversity 
of submitting institutions. The primary advantage 
of the ISHLT registry is that it allows for inter-
national comparisons of transplant outcomes. 
Otherwise, the data is essentially a subset of the 
data collected by UNOS/SRTR.  

    INTERMACS/PEDIMACS 

 The INTERMACS database is a voluntary data-
base funded by a contract from the National 
Heart Lung and Blood Institute and currently 
run by staff also at the University of Alabama. 
Although voluntary, reimbursement for destina-
tion ventricular assist device therapy from the 

Centers for Medicare and Medicaid Services is 
contingent on submission of data to a national, 
audited database, and most high-volume ven-
tricular assist device centers participate [ 26 ]. To 
date, submission of pediatric data is limited, but 
as mechanical circulatory support becomes more 
common in children, it will provide an important 
adjunct to the two previous databases in explor-
ing the outcomes of patients with end-stage heart 
failure [ 27 ].  

    Society of Thoracic Surgeons 
Congenital Heart Surgery Database 
(STS-CHSD) 

 Other chapters in this text provide a more exten-
sive description of the STS-CHSD. Currently, 
the STS-CHSD has not been used in analyzing 
pediatric transplant data, largely because it does 
not contain variables of critical importance to 
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  Fig. 15.3    Predicted ( white  column) versus observed 
( black  column) postoperative mortality rates by volume of 
transplants performed in the previous 5 years by the trans-
plant center. Results are stratifi ed by patient risk: high- 

risk patients (>75th percentile for postoperative mortality) 
are shown at the  left , low-risk patients (<25th percentile 
for postoperative mortality) are shown on the  right  
(Reprinted from Davies et al. [ 24 ])       

 

15 Databases for Pediatric Cardiac Transplantation



200

transplant outcomes, including donor and match 
variables, as well as long-term graft follow-up. 
However, it contains substantially more data 
regarding congenital diagnoses, historical pro-
cedures, and technical details of the transplant 
operation than any of the previously described 
data sources. Linkage of the STS-CHSD to 
UNOS/SRTR or PHTS data has the potential to 
leverage the strengths of the different databases 
and mitigate the weaknesses.   

    Outcomes Analysis in Pediatric 
Cardiac Transplantation Using 
Large Datasets 

 Analysis of outcomes in transplantation is needed 
for several distinct but related areas: (1) prediction 
of individual risk of transplantation and identifi ca-
tion of appropriate transplant candidates, (2) evalu-
ation of individual transplant programs, including 
quality assessment and improvement as well as 
public reporting of results, and (3) evaluation of 
the impact of global policy decisions – especially 
regarding organ allocation – in order to optimize 
the utility of each available donor allograft. 

 Each of these areas of analysis has unique 
challenges, but they have in common the limited 
outcomes measures available. Whether using the 
UNOS/SRTR dataset or data from the PHTS, 
patient and graft survival are the primary out-
comes available within the datasets. These data 
provide only a limited picture. Other outcomes 
that may be even more pertinent include indica-
tors of quality of life and of functional status. 
With the increasing use of implantable ventricu-
lar assist devices (especially in older, near-adult, 
pediatric patients), quality of life rather than 
absolute survival will become more important as 
the survival following transplantation and VAD 
implantation becomes equivalent [ 28 ]. 

 Currently, however, the ease of collection and 
analysis of a binary and easily assessed outcome, 
such as patient survival, graft survival, or the 
occurrence of drug-treated infection, make these 
the de facto standard for assessments of out-
comes in pediatric cardiac transplantation. We 
will focus on these binary outcomes here. 

    Prediction of Individual Risk 

 Estimation of the risk of mortality or graft failure 
for an individual patient following cardiac trans-
plantation is crucial to all aspects of outcomes 
analysis. Obviously counseling of individual 
patients and their families regarding the patient’s 
likelihood of post-transplant survival is neces-
sary for informed decisions regarding candidacy. 
In addition, without being able to risk-adjust out-
comes at individual center, it becomes impossible 
to compare centers with each other or to assess 
changes outcomes at an individual center over 
time. Furthermore, estimates of the survival with 
and without an allograft are critical to optimizing 
allocation schema.  

    Models of Risk on the Waitlist 

 Models of waitlist outcomes have been published 
in both adults and children, but – in addition to 
the predominance of adult research – they have 
several drawbacks [ 8 ,  29 – 33 ]:
•    First, within the pediatric population, in order 

to identify as many risk factors as possible, 
longer periods of time are used to increase the 
sample size [ 24 ,  34 ]. As the fi eld advances and 
clinical care evolves, use of these longer peri-
ods of time may result in a heterogeneous 
population being analyzed together. Especially 
where mortality has decreased over time [ 35 ], 
much of the mortality will have occurred in 
the least contemporary population and the risk 
factors important in this earlier era will be 
overweighted in any combined analysis.  

•   Second, to date these models have been con-
structed to examine specifi c risk factors as 
opposed to attempting to identify the most 
accurate model [ 31 ,  32 ,  36 ].  

•   Third, reporting of waitlist mortality models 
often fails to include enough information 
(including intercepts and model parameter 
estimates) to reconstruct the model for use in 
individual risk prediction [ 33 ,  35 ,  37 ].  

•   Fourth, the heterogeneity of the pediatric heart 
failure population (including dilated cardio-
myopathy [DCM] patients, patients with 
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CHD, and those with restrictive cardiomyopa-
thy, among others) suggests that risk factors 
may vary between diagnoses. Factors impor-
tant to patients with CHD may differ signifi -
cantly from those important in patients with 
DCM [ 11 ,  31 ,  38 ].  

•   Finally – and most importantly – to date no 
waitlist model has been constructed and vali-
dated in a separate population in order to iden-
tify its independent accuracy for use outside 
of the derivation population.    
 Despite these limitations, data from both the 

PHTS and UNOS/SRTR has been consistent in 
identifying certain risk factors as predictive of 
waitlist mortality, including: the need for ECMO, 
mechanical ventilation, and a diagnosis of con-
genital cardiac disease [ 31 – 37 ,  39 ]. Other fac-
tors, including race, socioeconomic status, and 
age have varied across models. If we are to move 
to a model for allocation of hearts similar to the 
system for allocation of lungs currently in use 
(see below), more accurate prediction of mortal-
ity on the waitlist is required in order to allocate 
available allografts to those patients least likely 
to survive without transplantation. Not all of the 
limitations can be addressed, but further analysis 
of the UNOS/SRTR database and the PHTS data-
base, as well as potential linkages to other datas-
ets, should enable improvements in the accuracy 
of predicting mortality on the waitlist.  

    Models of Risk of Mortality After 
Transplantation 

 Several researchers have published risk predic-
tion models using both UNOS/SRTR and PHTS 
data [ 10 ,  24 ,  40 ,  41 ]. These models may be help-
ful in estimating risk for an individual patient. 
However, a critical assessment of model accuracy 
is essential prior to using the model in a particu-
lar population of patients. 

 The c-statistic is valuable as a rough (though 
not perfect) [ 42 ] estimate of model accuracy. For 
example, Weiss et al. have recently published a 
score to be used in predicting outcomes among 
adults following cardiac transplantation [ 43 ]. 
The c-statistic for the fi nal model was only 0.65, 

suggesting that it lacks signifi cant discriminatory 
ability. In contrast, models used in identifying 
the importance of volume in outcomes following 
pediatric heart transplant have a c-statistic of 0.75 
[ 24 ], suggesting that better discrimination is pos-
sible. However, a c-statistic of 0.75 suggests that 
much of the variation in outcomes results from 
variables not in the model. It is likely that other 
variables, poorly contained within the UNOS/
SRTR dataset, may be particularly important 
including functional status, nutritional status, and 
the presence of cachexia. Validation of the model 
in a population distinct from that in which it was 
derived is an important step in assessing the accu-
racy of any model. 

 Given these limitations, are there models 
which may be useful? Prediction of risk is often 
a balance between accuracy and simplicity. For 
example, the group from Columbia has looked 
at estimates of mortality among high-risk trans-
plant recipients using a simplifi ed risk score 
(Table  15.1 ) (Fig.  15.4 ) [ 10 ]. While the model 
provides a rough estimate of outcomes and may 
be useful in broadly assessing the risk of any 
individual patient, this comes at the expense of 
accuracy (importantly, measures of accuracy of 
the model are not reported in the manuscript). 
The data from that study also illustrates one 
problem with many of these risk prediction mod-
els, which is the small number of patients at the 
highest risk levels. This problem often results in 

    Table 15.1    Risk factors to derive simplifi ed score pre-
dictive of mortality after cardiac transplantation in 
children   

 Risk factor  Weighted score 

 ECMO  4 
 Number of high risk criteria >3*  3 
 Reoperation  2 
 Stroke  2 
 Renal insuffi ciency (creatinine 
clearance <40 cc/min) 

 2 

 Congenital heart disease  1 
 Mechanical ventilation  1 
 Admitted to ICU  1 

  *High risk criteria include: PVRI >6 woods units, creati-
nine clearance >40 cc/min, hepatitis C positivity, donor: 
recipient weight ratio <0.7, panel reactive antibody >40 %, 
retransplantation, age ≤1 year  
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models overestimating risk among the highest 
risk patients [ 44 ].

    The PHTS dataset has the potential to pro-
vide more accurate estimates of post-transplant 
outcomes because it is more comprehensive with 
regard to variables of specifi c interest in pediatric 
cardiac transplantation [ 31 ]. A predictive model 
based on that data would be particularly interest-
ing. While a predictive model based on PHTS 
data was presented in 2008, it has not yet been 
published in a form which would enable predic-
tion of individual risk of post-transplant mor-
tality [ 40 ]. Similarly, an attempt to investigate 
high-risk criteria for pediatric transplant has not 
moved from the abstract to completed manuscript 
phase [ 39 ]. 

 As with waitlist models, there is broad agree-
ment on several risk factors for poor outcomes 
after pediatric cardiac transplantation, including 
congenital heart disease, the need for extracor-
poreal membrane oxygenation or mechanical 
ventilation, and renal failure [ 10 ,  24 ,  45 ]. Other 

factors, including measurements of cardiac 
dimensions and the etiology of cardiomyopa-
thies, may be important in specifi c subsets of 
pediatric patients [ 31 ]. Current data have identi-
fi ed risk factors for poor outcomes, and currently 
available modeling enables broad stratifi cation of 
patients into risk categories [ 10 ]; however, accu-
rate prediction of individual risk may require 
comprehensive modeling within patients subsets, 
likely categorized by etiology. UNOS/SRTR data 
may not be suffi cient and linkage to other datas-
ets may be required.  

    Summary 

 In summary, while there exist several published 
models of both pre-transplant mortality and post- 
transplant mortality among children requiring 
cardiac transplantation, none have been externally 
validated. Even the most accurate models suggest 
that additional variables not currently captured 

0 %

10 %

20 %

30 %

40 %

50 %

60 %

70 %

80 %

90 %

100 %

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Low risk
score: 0 to 4 

Moderate risk
score: 5 to 9

High risk
score: 10 to 15

patients
at  risk 

49 261 1127233255106153313 44245 270 13

  Fig. 15.4    Observed 30-day ( black ) and 1-year ( slanted brick pattern ) mortality for each risk score in patients with at 
least one high risk criteria ( P  < 0.0001) (Reprinted from Davies et al. [ 24 ])       

 

R.R. Davies



203

within the datasets explain important amounts 
of variation in outcome. Ongoing research, 
including the potential linkage of UNOS/SRTR 
or PHTS data to other datasets such as the STS-
CHSD may be required to provide modeling with 
the accuracy to predict individual outcomes in 
these children.  

    Assessment of Individual Transplant 
Centers 

 Estimates of outcomes at individual trans-
plant centers are publicly available based on 
SRTR analysis of the UNOS/SRTR dataset (see 
SRTR website: [  http://www.srtr.org/csr/current/
Centers/Default.aspx    ]) on a semi-annual basis. 
The SRTR uses risk-adjustment models that are 
available on the website to evaluate and compare 
programs. Unfortunately, the SRTR models have 
several limitations in assessing inter-institutional 
variation. First, the models do not account for 
several factors known to infl uence outcomes, 
including
•    preoperative kidney function [ 24 ,  46 ],  
•   etiology of heart failure [ 24 ,  46 – 50 ], and  
•   reoperative sternotomy [ 24 ,  47 ,  49 ].    

 Furthermore, as noted in the introduction to 
this chapter, pediatric cardiac transplantation at 
even the busiest programs is a relatively low- 
volume procedure. 

 Throughout pediatric and congenital heart 
surgery, low center volume for individual pro-
cedures makes statistically-valid comparison of 
outcomes across centers challenging [ 51 ]. Of the 
51 programs performing pediatric heart trans-
plants, the SRTR was only able to identify a 
single program (with a 25 % 1-year survival rate 
among four patients) as having a statistically sig-
nifi cant lower than predicted survival [ 52 ]. Thus, 
there are important limitations to the use of the 
results published in the SRTR data or program- 
specifi c reports as a measure of outcomes across 
centers. 

 Improvements in predictive mortality models 
will not address this fundamental challenge: low 
volumes of patients undergoing pediatric car-
diac transplantation at individual centers makes 

it diffi cult to identify signifi cant deviations from 
 predicted outcomes. However, accurate estimates 
of risk adjusted mortality may enable identifi -
cation of centers with excellent outcomes and 
opportunities for improvement at lower perform-
ing centers even in the absence of statistically 
signifi cant variation.  

    Evaluation of National Policies 
and Rules of Allocation 

 The UNOS/SRTR database is particularly useful 
in evaluating national policies and rules of allo-
cation because it includes all of the transplants 
performed in the United States of America. In 
contrast, analysis of the more limited (by number 
of centers) and broader (by country) PHTS data-
base, may not lead to conclusions valid across the 
entire spectrum of centers of transplantation in 
the United States of America. Single center stud-
ies have even more potential for fi ndings which 
cannot be generalized across the entire spectrum 
of transplant centers. 

 Criteria for listing and transplant candidacy 
are based on a combination of anecdotal expe-
rience, individual or consensus expert opinion, 
published single center results, and previous 
research utilizing large multi-institutional data-
sets. In all cases, the open nature of the UNOS 
dataset enables clinicians and researchers with a 
countervailing opinion to analyze or re – analyze 
the data and identify areas where current criteria 
are not consistent with current national experi-
ence. This availability of data provides the oppor-
tunity for evidence-based refi nement. 

 Among the important challenges to conven-
tional listing criteria are suggestions that a body 
mass index (BMI) greater than 30 kg per meter 
squared might be a contraindication to transplant 
[ 53 ], and a bias against allocation across ABO 
blood types in infants in UNOS heart allocation 
rules. Evaluation of BMI has, rather than confi rm-
ing the bias against patients with BMI greater 
than 30 kg per meter squared, suggested that (as 
in other areas of cardiac surgery) the association 
between BMI and mortality is U-shaped. Patients 
at both the lowest and highest BMI are at high risk 
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for early mortality and those with BMI between 
30 and 34.9 had mortality equivalent to those with 
“normal” BMI [ 54 ]. Similarly, in the context of 
ABO-incompatible cardiac transplantation, recent 
research using the UNOS database (as well as 
outcomes from individual centers) suggests that 
early outcomes are equivalent among infants 
with ABO-compatible allografts and ABO-
incompatible allografts [ 55 ,  56 ]. These data have 
contributed to recent proposals to change UNOS 
rules to eliminate allocation preference given 
to ABO compatible allograft offers for infants 
awaiting cardiac transplantation [ 30 ,  57 ]. 

 The broad-based nature of the UNOS/SRTR 
dataset may also provide a more “realistic” pic-
ture of true transplant outcomes than single- 
center experience. While high-volume centers 
have demonstrated that transplantation to patients 
with elevated pulmonary vascular resistance 
index (PVRI) as high as 9 woods units is not 
associated with increased mortality [ 58 ], PHTS 
data corroborates these fi ndings [ 59 ]. In contrast, 
UNOS data suggests that among patients over 
1 year of age, higher PVRI is associated with 
poor outcomes [ 60 ]. How to reconcile these fi nd-
ings? Perhaps, high volume transplant centers can 
lessen the risk of “high-risk” transplants, so that 
the fi ndings from the high-volume centers and 
PHTS are real, but caution should be exercised 
as lower volume centers embark on “high- risk” 
transplants. Thus the UNOS/SRTR data provides 
an important counter-weight to the reporting of 
outcomes from only high-volume institutions. 
In the context of transplantation where volume 
and outcomes are linked (especially in high-risk 
patients) [ 24 ], evaluation of the broader experi-
ence is critical to defi ning broad criteria and truly 
estimating risk. 

 Accurate estimation of both post-transplant 
and waiting list risk of mortality in a national 
sample may also be critical in refi ning alloca-
tion of cardiac allografts. Currently allocation of 
pediatric donor hearts is predicated on reducing 
waitlist mortality. Factors indicating more severe 
cardiac failure are used as the primary criteria 
for listing status (Table  15.2 ). But when donor 
allografts are assigned to patients at high-risk 
for post-transplant mortality, this strategy may 

result in an overall loss of effi ciency and wast-
ing of donor organs. As stated in the OPTN Final 
Rule: “allocation policies ….[s]hall be designed 
to avoid wasting organs, to avoid futile trans-
plants, to promote patient access to transplanta-
tion, and to promote the effi cient management of 
organ placement [ 7 ]” (Table  15.1 ). In contrast to 
the situation with cardiac transplantation, current 
strategies of allocation of lungs demonstrate the 
potential for UNOS/SRTR data to provide sup-
port for optimizing the allocation of organs using 
a combination of predicted survival on the wait-
list and predicted survival after transplantation in 
each patient.

   A complete description and analysis of the 
development of the lung allocation score (LAS) 
and its advantages and disadvantages is beyond 
the scope of this review. In brief, the LAS com-
bines a model predicting mortality on the waitlist 
with one predicting survival after transplantation 
in order to accomplish three goals consistent with 
the OPTN Final Rule [ 29 ]:

   Table 15.2    Listing status criteria (Source:   http://optn.
transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/
policy_9.pdf    )   

 Status 1A 
  Requires assistance with a ventilator 
   Requires assistance with a mechanical assist device 

(e.g. ECMO) 
  Requires assistance with a balloon pump 
   A candidate less than 6 months old with congenital 

or acquired heart disease and reactive pulmonary 
hypertension at greater than 50 % of systemic level 

   Requires infusion of high dose (e.g. 
dobutamine>/=7.5 mcg/kg/min or 
milrinone>/=0.50 mcg/kg/min) or multiple inotropes 

   A candidate who does not meet the above criteria but 
has a life expectancy of less than 14 days without 
cardiac transplantation 

 Status 1B 
  Requires infusion of low dose single inotrope 
   Less than 6 months old but does not meet status 1A 

criteria 
   Growth failure (i.e. 5th percentile for weight 

and/or height or loss of 1.5 standard deviations 
of expected growth (height or weight) based on the 
National Center for Health Statistics for pediatric 
growth curves) 

 Status 2 
  All other candidates 

R.R. Davies

http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_9.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_9.pdf
http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_9.pdf


205

    1.    reduction of mortality on the lung waiting list;   
   2.    prioritization of candidates based on urgency 

while avoiding futile transplants; and   
   3.    de- emphasizing the role of waiting time and 

geography in lung allocation within the limits 
of ischemic time.    
  Using a similar scheme for allocation of car-

diac allografts would require publication and 
validation of accurate models of both waitlist and 
post-transplant survival. Early results suggest 
that the current allocation scheme does result in a 
less than optimal allocation of organs at the high-
est stratum of risk [ 61 ]. More accurate models, 
validated in an external group, are required prior 
to use of modeling in allocation of hearts, but 
eventual use of a cardiac allocation score has the 
potential to increase the overall survival among 
children with cardiac failure.   

    Interpreting Data Analysis in UNOS/
SRTR and PHTS Studies 

    Handling of Missing Data 

 Large datasets inevitably involve missing data. 
Decisions regarding the handling of missing data 
while analyzing these datasets have important 
effects on the results. While a full discussion 
of missing data is well beyond the scope of this 
chapter, it is an important topic in the context 
of critically evaluating literature based on the 
UNOS/SRTR and PHTS datasets in particular 
(although these issues also apply more broadly to 
other large dataset analyses). 

 Several methods of handling missing data are 
available. The most commonly used methods in 
the context of medical literature are complete 
case analysis and overall mean imputation. Both 
of these methods are easy to implement and 
easy to understand. They are often used without 
explicit description. Unfortunately, they both 
result in a loss in sample size, and a loss in power. 
More importantly, they both have the potential to 
result in severely biased estimates of statistical 
signifi cance [ 62 ,  63 ]. 

 When handling of missing values is not 
reported in the context of multivariable logistic 

regression, it implies that complete case analysis 
has been performed. This eliminates any records 
where complete data for all variables in the anal-
ysis is not available. In doing so, the sample size 
is severely curtailed. 

 Imputation as a general method is simply the 
replacement of a missing value with an estimate 
of the likely value. Mean imputation involves 
the replacement of missing variables with the 
mean result across the entire population; while 
simple, it relies on the assumption that the vari-
ables are missing completely at random, that is 
the probability of a variable being missing is 
unrelated to the outcome of interest or to any 
other variable in the dataset. This assumption 
is rarely true, and in the unlikely event that the 
assumption is met, mean imputation may still 
result in biased estimates [ 62 ]. 

 Rather than estimating missing values using 
the mean value across the population, the missing 
value can be estimated using regression analysis. 
The main drawback of this method is that in sub-
sequent analyses the estimated value is treated as 
a measured value, resulting in overestimation of 
the precision of subsequent analyses. Multiple 
imputation creates multiple datasets with estima-
tions of the missing values and then performs the 
analysis in each dataset, resulting in estimates of 
both the statistical association and the precision 
of that association that more accurately refl ect 
the error introduced by substituting estimated 
values for missing values [ 18 ,  62 ,  64 ]. 

 The topic of handling of missing data is not 
merely a topic of esoteric statistical interest, 
because differences in the handling of miss-
ing data may result in signifi cant differences in 
the results of any analysis. For example, two 
separate analyses of the UNOS database exam-
ining the impact of bicaval versus biatrial anas-
tomosis have been performed [ 17 ,  18 ]. Despite 
using nearly identical datasets, the results were 
different, with the study using multiple imputa-
tions [ 18 ] able to include nearly twice as many 
patients in the analysis as the study using com-
plete case analysis [ 17 ]. Similarly, research in 
adults looking at the impact of ventricular assist 
devices on post-transplant outcomes resulted in 
signifi cant differences based on the effort with 
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which missing data was augmented by exami-
nation of free- text fi elds (including the potential 
for misspellings and typographical errors) [ 19 ]. 
Thus, it is important in reviewing the results of 
studies using large datasets to critically examine 
the methods used to handle missing data and the 
completeness with which issues of missing data 
are reported in the manuscript.  

    Accuracy of Logistic Regression 
Models 

 As noted above, evaluation of published models 
derived from analyses of large datasets should 
include a critical appraisal of the accuracy. 
Although a complete discussion of the evaluation 
of statistical models of outcomes is beyond this 
review, some general guidelines should be enu-
merated. Among the criteria that should be used 
to evaluate a model are:
    1.    estimates of global model fi t such as the Bayes 

Information Criteria,   
   2.    indices of discrimination (how well a model 

discriminates between outcomes, most com-
monly c-statistic), and   

   3.    indices of calibration (how well it functions 
across different subgroups, most commonly 
the Hosmer-Lemeshow test) should be evalu-
ated [ 42 ].     
 Ideally, models should be derived in one pop-

ulation and validated in another before becom-
ing part of clinical practice or programmatic 
evaluation.   

    Future Directions 

 As data continues to be collected, multiple oppor-
tunities exist for improving the usefulness of the 
UNOS/SRTR and PHTS datasets, including
•    improving the feedback to individual trans-

plant centers,  
•   developing links between the UNOS dataset 

and other large datasets with complementary 
information, and  

•   tailoring certain fi elds of data collection to 
pediatric and congenital cardiac surgery.    

 Currently, the time delay between submission 
of data and analysis of data by the SRTR limits the 
utility of the UNOS/SRTR dataset as an ongoing 
tool for the assessment of quality. Improvements 
in modeling and in the turn-around of analytics 
might enable application of techniques such as 
cumulative sum failure analysis (CUSUM) in 
order to provide real-time assessment of quality 
of transplantation. CUSUM, which is borrowed 
from monitoring quality on a production line, 
has been used both in congenital cardiac sur-
gery [ 65 ] and in other transplantation procedures 
[ 66 ], as well as in a broad swath of other medical 
domains [ 67 ,  68 ]. These techniques enable ongo-
ing monitoring of outcomes without running into 
problems caused by repeatedly analyzing the 
same data [ 69 ]. These techniques could be imple-
mented using the ongoing submission of data to 
large datasets such as UNOS and provide early 
feedback and warning of potential problems to 
transplant centers. By collecting data of specifi c 
relevance to pediatric and congenital transplanta-
tion, and developing models predicting mortality 
[ 40 ], the PHTS might be particularly well-suited 
to develop an ongoing role in the assessment of 
quality using these types of techniques. The pos-
sibility of such techniques being used increases 
with contemporary rapid increases in the power 
of computers and the ability to collect and ana-
lyze data. 

 The UNOS/SRTR database – like many large 
datasets – is limited by the fi elds of data col-
lected. No single database can be all-inclusive, 
and adding fi elds of data eventually makes the 
collection of data too onerous and causes the 
rate of missing data to increase. Linking data-
bases with complementary information enhances 
opportunities for investigation without necessi-
tating redesigning data collection or duplicating 
information between multiple data submissions 
to different entities. For example, linkage of the 
STS-CHSD to other databases has already been 
performed [ 70 ,  71 ]. With regard to transplant 
databases, linkages between the STS-CHSD 
and the UNOS dataset may address weaknesses 
in each. Specifi c congenital diagnosis are miss-
ing from the UNOS/SRTR database [ 8 ], while 
the STS-CHSD includes diagnostic information 
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 consistent with current standards of nomencla-
ture. In contrast, the STS-CHSD does not contain 
long- term follow-up data and has no provision 
for follow-up of specifi c outcomes of trans-
plantation (graft outcomes such as rejection and 
allograft vasculopathy). Linking these datasets 
would facilitate analyses of data not available in 
each dataset individually. 

 In addition to linking currently available 
datasets, some alterations to the data collected 
by UNOS/SRTR would improve the ability to 
model outcomes in pediatric and congenital 
patients. While PHTS already has some of these 
data (including previous operations and con-
genital diagnoses), it has been collected using 
differing categorization schemes over time and 
is inconsistent with current standardized inter-
national nomenclature in pediatric and congeni-
tal cardiac disease. Improved collection of these 
data would enable more powerful research into 
issues of specifi c interest to pediatric and con-
genital patients.  

    Conclusion 

 The historical context of the UNOS/SRTR 
and PHTS datasets play important roles in 
the analysis of outcomes following pedi-
atric cardiac transplantation. The UNOS/
SRTR Database and the PHTS Database are 
complementary data sources, with differing 
strengths and weaknesses. An understanding 
of the limitations of each database, as well as 
the limitations of various analytic techniques, 
is essential to a critical reading of the litera-
ture based on these sources of data. Outcomes 
models developed using these datasets may
•    enable risk-adjusted evaluation of individ-

ual transplant centers (both for internal 
quality improvement and external review 
by the public), as well as  

•   facilitate optimization of rules regarding 
allocation of organs, guidelines for trans-
plant candidacy, and benchmarks for high 
quality programs.    
 Future directions should include

•    ongoing improvements in the outcome 
models,  

•   inclusion of currently unavailable data 
(either through linking of databases or 
enhanced collection of data), as well as  

•   more timely feedback to enable ongoing 
assessment of quality in real-time.        
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  The most critically ill patients can now be treated with life saving mechan-
ical circulatory support. The development of databases to track the out-
comes of patients with critical illness has been ongoing for much of the 
last two decades. Clinicians who engage in the use of mechanical circula-
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        Introduction 

 The most critically ill patients can now be 
treated with mechanical circulatory support. 
Extracorporeal life support using Extracorporeal 
Membrane Oxygenation (ECMO) is used to 
provide cardiopulmonary support in patients 
with life threatening cardiorespiratory failure 
unresponsive to conventional medical therapies. 
Mechanical circulatory support using Ventricular 
Assist Devices (VAD) is used to provide cardio-
vascular support in patients with end stage heart 
failure refractory to conventional medical thera-
pies. The development of databases to track the 
outcomes of patients with critical illness has been 
ongoing for much of the last two decades, paral-
leled by the increasing awareness of the impact 
on outcomes of patients obtained from programs 
designed to improve quality and enhance the 
safety of patients. Clinicians who engage in the 
use of mechanical circulatory support are inter-
ested in the analysis of outcomes of patients 
treated with ECMO and VAD with the ultimate 
aim of improvement in the quality of care pro-
vided to these patients. 

 The Extracorporeal Life Support Organization 
(ELSO) is an international consortium of health 
care professionals and scientists who are dedi-
cated to the development and evaluation of novel 
therapies for support of failing organ systems. 
Since 1989, ELSO has maintained a registry of 
the use of ECMO in active ELSO centers. The 
Interagency Registry for Mechanically Assisted 
Circulatory Support (INTERMACS) is a national 
registry in the United States of America for 
patients who are receiving mechanical circula-
tory support device therapy to treat advanced car-
diac failure. This registry was devised as a joint 
effort of the National Heart, Lung and Blood 
Institute (NHLBI), the Centers for Medicare and 
Medicaid Services (CMS), the Food and Drug 
Administration (FDA), clinicians, scientists, and 
industry representatives in conjunction with the 
University of Alabama at Birmingham (UAB) 
and United Network for Organ Sharing (UNOS). 

 This Chapter will focus on databases used to 
track outcomes of critically ill patients treated 
with ECMO and VAD. This review discusses the 

historical aspects, current state of analysis of out-
comes, and the potential for transitioning from 
acquisition of data to improvement of quality and 
enhanced safety in the care of these patients.  

    ELSO Registry 

    Extracorporeal Membrane 
Oxygenation 

 Extracorporeal life support using Extracorporeal 
Membrane Oxygenation (ECMO) is used to pro-
vide cardiopulmonary support in patients with 
life threatening cardiorespiratory failure unre-
sponsive to conventional medical therapies [ 1 ]. 
ECMO can be lifesaving in these patients as they 
face imminent mortality without mechanical cir-
culatory and/or respiratory support. Although 
lifesaving for many patients, ECMO does not 
treat primary illness that caused cardiopulmo-
nary failure and is merely a modality of cardio-
pulmonary support for providing perfusion to 
end- organs while awaiting recovery of the pri-
mary condition or disease causing cardiopulmo-
nary failure. Thus, outcomes following ECMO 
use are largely infl uenced by the prognosis for 
the primary disease (Table  16.1 ) [ 2 ]. Use of 
ECMO, indications for ECMO, and number of 
centers providing ECMO support have increased 

    Table 16.1    Indications and survival following ECMO use 
based on the international summary of the Extracorporeal 
Life Support Organization’s ECMO Registry, July 2013   

 ECMO indication 
 Total
patients 

 Survived
to discharge (%) 

 Neonatal ECMO 
  Respiratory  26,583  75 
  Cardiac  5,159  40 
  ECPR  914  39 
 Pediatric 
  Respiratory  5,923  57 
  Cardiac  6,459  49 
  ECPR  1,878  41 
 Adult 
  Respiratory  4,382  56 
  Cardiac  3,401  40 
  ECPR  969  28 

   ECPR  = ECMO to support cardiopulmonary resuscitation  
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over the last decade. Even though ECMO offers 
potentially lifesaving support for many patients, 
many issues exist regarding the use of ECMO 
that require careful consideration:
•     First, despite increasing use, greater experi-

ence, and newer and improved equipment 
and technology, mortality following ECMO 
support is high and has largely remained 
unchanged over decades.  

•   Second, considerable variability exists in 
many areas in the clinical practice of ECMO 
[ 3 ]. These areas include selection of patients 
for ECMO, timing of ECMO deployment, 
equipment used to provide ECMO, practice of 
anticoagulation while on ECMO, manage-
ment of patients on ECMO, and weaning from 
ECMO.  

•   Third, safe and effi cient use of ECMO requires 
easy availability of equipment and personnel 
to deploy and manage ECMO 24 hours a day, 
resulting in the need for a large amount of 
resources and expenditure [ 4 ].  

•   Finally, growing evidence shows that survival 
after ECMO is related to the characteristics of 
the center providing ECMO, such as volume 
of patients managed in the center [ 5 ,  6 ].    
 These issues have raised the need for tools to 

assess the quality of care provided to patients 
supported with ECMO and to evaluate of “best” 
ECMO practices. One resource available for 
improving care provided to ECMO patients is the 
ECMO registry of the Extracorporeal Life 
Support Organization (ELSO). The following 
paragraphs describe the history, details of the 
registry, and potential for its use for purposes of 
assessment of quality.  

    ECMO Registry of ELSO 

 The ECMO registry of ELSO is a data registry 
that collects information about ECMO across 
all age groups and for all ECMO indications. 
ELSO was formed in 1989 to improve knowledge 
and clinical use of Extracorporeal Life Support 
therapies [ 7 ,  8 ]. The organization’s data registry 
contains data on patients dating as far back as 
1976 and has played a pivotal role in our current 

understanding and practice of ECMO support. 
Currently over 200 International centers sub-
mit data to the registry. Membership in ELSO is 
required for submitting data to the registry. Data 
collected include:
•    demographics of patients supported with 

ECMO,  
•   condition of the patient prior to ECMO,  
•   support of the patient prior to ECMO,  
•   diagnosis (using International classifi cation of 

Disease; ICD-9 codes),  
•   procedures performed prior to and during 

ECMO (Common Procedural Terminology; 
CPT and Unique ELSO registry codes),  

•   details about ECMO equipment,  
•   duration of ECMO support,  
•   complications acquired during ECMO (using 

unique ELSO Registry codes), and  
•   Information about survival including survival 

to weaning off ECMO and survival to dis-
charge from the hospital.    
 Data are submitted using standardized data 

collection forms. Recent changes to the process 
of submission of data include using a secure, 
web-based system of entry of data. As with other 
databases and registries, submission of data to 
ELSO requires approval by the local institutional 
review board at member centers. A data user 
agreement allows release of de-identifi ed data to 
member centers for purposes of benchmarking 
and scientifi c research.  

    Uses for ECMO Registry Data 

 An important function of ELSO is maintaining a 
data registry for purposes of
•    improving outcomes of patients supported 

with ECMO,  
•   reducing morbidity associated with 

ECMO, and  
•   fostering innovations both in the care of 

patients supported with ECMO and the tech-
nology associated with ECMO.    
 The following paragraphs describe the uses of 

data from the ELSO registry of these purposes.
    (a)     Registry Report : The Registry provides a 

yearly summary report of data contained in 
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the registry and has periodically published a 
registry report containing detailed informa-
tion on trends in use of ECMO and outcomes 
associated with ECMO (Table  16.1 ) [ 2 ]. 
These reports serve as valuable resources for 
providers of ECMO and ECMO centers for
•    assessment of need,  
•   programmatic planning, and  
•   identifying areas for improvement related 

to ECMO.      
   (b)     Scientifi c Research : The registry provides 

investigators limited de-identifi ed datasets 
for purposes of scientifi c inquiry and 
research. Areas of scientifi c research [ 9 – 15 ] 
have included
•    indications for ECMO,  
•   analysis of outcomes stratifi ed by specifi c 

disease or procedure,  
•   complications associated with ECMO, and  
•   assessment of outcomes associated with 

various technologies (e.g. type of pump 
and outcomes).    

 Many examples of these publications 
can be searched using commonly avail-
able search engines such as PubMed.   

   (c)     Data for regulatory use : The registry collects 
detailed information on the various types of 
equipment associated with ECMO. These 
data can be used to serve as preliminary 
data for planning clinical trials, or used as 
comparative data for studying safety and 
effi cacy of devices related to ECMO. One 
recent example is the use of data from the 
ELSO registry as a comparative cohort for 
the recently concluded trial of the Berlin 
Heart EXCOR Pediatric Ventricular Assist 
Device conducted by the Food and Drug 
Administration (FDA) of the United States 
of America [ 16 ].   

   (d)     Benchmarking and Assessment of Quality : 
In addition to the detailed international sum-
mary containing a summarized data from all 
centers, member centers contributing data to 
ELSO are provided with a center specifi c 
data describing specifi c information on use 
of ECMO, complications associated with 
ECMO, and outcomes. These center specifi c 
reports categorize outcomes and complica-

tions based on indications for ECMO. Given 
that rates of survival after ECMO vary 
widely by indication for ECMO, the avail-
ability of outcomes and complications cate-
gorized by indications in the international 
summary and center specifi c reports allows 
center specifi c benchmarking of outcomes 
and complications without detailed risk 
adjustment. Center specifi c reports provide 
opportunities for a specifi c ECMO program 
to set goals for future improvement in 
performance.   

   (e)     Limitations of the ELSO registry data : 
Several limitations of the data reported to the 
registry should be carefully considered when 
using these data for purposes of research and 
benchmarking.
•    The registry does not have a robust pro-

cess of verifi cation of data to ensure the 
completeness and accuracy of the submit-
ted data. The move towards web-based 
submission of data has allowed imple-
mentation customization of fi elds of data 
that can help assure the integrity of the 
submitted data and improve the validity 
of the submitted data.  

•   A robust and detailed methodology of 
risk adjustment is not available to facili-
tate comparison of center specifi c out-
comes. Even though comparability is 
improved based on categorization by 
indication for ECMO, outcomes associ-
ated with ECMO vary widely based on 
diagnosis within a category, and a more 
advanced and detailed methodology of 
risk adjustment may provide improved 
comparability of programmatic perfor-
mance (Table  16.2 ).

•      Functional outcome after ECMO and data 
about quality of life are not available to 
improve our understanding of these 
important issues in survivors of ECMO.        

 In summary, the ECMO registry of ELSO has 
played an important role in our understanding of 
use of ECMO and outcomes associated with 
ECMO. It remains an important resource for 
benchmarking and improvement of quality for 
ECMO programs worldwide.   
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    Ventricular Assist Device Database 

 The Food and Drug Administration (FDA) 
entered into the arena of mechanical circu-
latory support devices (MCSDs) in the late 
1970s with the intention to create methods 
of regulation of devices. The development 
use of MCSDs fl ourished, and the Institute of 
Medicine issued a report in 1991 stating that 
patients implanted with MCSDs should be fol-
lowed through a registry for the remainder of 
their lives, recommending that this initiative 
be spearheaded by the National Heart, Lung 
& Blood Institute (NHLBI). In June of 2006, 
the Interagency Registry for Mechanically 
Assisted Circulatory Support (INTERMACS) 
was established as a joint effort between the 
NHLBI, Centers for Medicare and Medicaid 
Services (CMS), FDA, representatives from 
industry, scientists, and clinicians. The goal of 
this partnership was to provide contemporary 
data for patients who are receiving mechanical 
circulatory support device therapy as a treat-
ment of advanced cardiac failure. This col-
laboration established a concerted effort by 
physicians and partners from industry
•    to defi ne adverse events precisely,  
•   to provide information that would allow opti-

mal MCSD-patient matching,  

•   to move devices from investigational device 
exemption (IDE) trials into post-market 
approval for clinical use, and  

•   to create a meaningful system of classifi cation 
relevant to selection of patients for support 
with MCSDs.    
 INTERMACS is the North American prospec-

tive registry utilized to collect clinical data to 
demonstrate outcomes over time to [ 17 ]:
    1.    Facilitate the refi nement of selection of 

patients to maximize outcomes with current 
and new devices   

   2.    Identify predictors of good outcomes as well 
as risk factors for adverse events after implan-
tation of devices   

   3.    Develop consensus “best practice” guideline 
to improve clinical management by reducing 
short-term and long-term complications of 
therapy with mechanical circulatory support 
devices   

   4.    Utilize information from the INTERMACS 
Registry to guide improvements in technol-
ogy, particularly as next generation devices 
evolve   

   5.    Guide clinical testing and approval of new 
devices.    

  Information in the database includes
•    data about the profi le of patients,  
•   data about the implantation of devices,  
•   defi ned follow-up information at scheduled 

intervals, and  
•   event-driven data.    
 Key details that are captured by the INTERMACS 
registry include
•    the quality of life of the patient,  
•   the level of function of the patient,  
•   death,  
•   occurrence of explantation of the device,  
•   occurrence of transplantation, and  
•   adverse events as defi ned by the registry.    
 These indices have become essential to the evalu-
ation of therapy with MCSDs and the improve-
ment of survival and functional status of the 
patients. 

 The treatment and management of advanced 
cardiac failure has matured over the past several 
years with the increased use of second and third 
generation mechanical circulatory support devices 

   Table 16.2    The impact of diagnosis category on survival 
for neonates using ECMO for respiratory indications from 
the International Summary of the Extracorporeal Life 
Support Organization’s ECMO Registry, July 2013   

 Diagnosis category 
 No: of
patients 

 Survival to
discharge (%) 

 Meconium aspiration
syndrome 

 8,423  94 

 Persistent pulmonary
hypertension (PPHN) 

 4,526  77 

 Respiratory distress
syndrome 

 1,541  84 

 Sepsis  2,809  73 
 Pneumonia  364  58 
 Congenital diaphragmatic
hernia 

 6,845  51 

 Air leak syndrome  126  73 
 Not categorized by 
diagnosis 

 2,318  61 
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and subsequent crossover into the realm of pediat-
rics. Accordingly, a multidisciplinary team of cli-
nicians with expertise in pediatric cardiac failure, 
including cardiac surgeons led the development 
of the pediatric arm of the INTERMACS registry. 
This pediatric arm of INTERMACS, entitled ped-
iMACS, was launched in September of 2012 with 
the aim to mirror the goals and expected analyses 
of the main INTERMACS registry, but in patients 
less than 19 years old at the time of implant. This 
new registry would contain broader data about 
implants, to include both durable and temporary 
support devices. Other subtle variances include 
modifi cations to the existing defi nitions of adverse 
events and expansion of the instruments utilized 
to assess quality of life. PediMACS will addition-
ally evaluate therapy with MCSDs in the pediatric 
population by focusing on
•    the differences in devices available for implan-

tation, and  
•   the complexity surrounding the selection of 

both the types of devices and the appropriate 
children for therapy with these devices.    
 These data are essential for measuring out-

comes of patients and evaluating new cutting 
edge pediatric-specifi c devices. 

 Adverse events are clearly defi ned by 
INTERMACS and pediMACS and are captured 
by two mechanisms:
    1.    The occurrence of infection, device failure, 

neurological injury, death (INTERMACS 
only) and bleeding (pediMACS only) trigger 
additional elements of data to be obtained; 
and   

   2.    Other adverse events that have been identifi ed 
are routinely collected at defi ned follow-up 
intervals. Other adverse events captured 
include.      

•    cardiac arrhythmias,  
•   failure of the right heart,  
•   arterial thromboembolic events outside of the 

central nervous system,  
•   hypertension,  
•   pericardial fl uid collection,  
•   myocardial infarction,  
•   venous thromboembolism,  
•   wound dehiscence,  
•   renal dysfunction,  

•   hemolysis,  
•   hepatic dysfunction, and  
•   respiratory failure.    

 Quality of life assessments are also obtained 
from patients, parents, and caregivers at pre- 
determined intervals (pre-implant, 3 months, 
6 months, and every 6 months thereafter), with 
both registries utilizing uniform tools (i.e. EQ-5d 
and the Kansas City Cardiomyopathy 
Questionnaire [KCCQ]). 

 The acquisition of timely data is the driving 
force behind the pediMACS and INTERMACS 
registries. This information has been utilized in
•    obtaining approval from the FDA,  
•   providing comparison arms in clinical trials,  
•   comparing medical therapy and therapy with 

MCSDs as treatment for cardiac failure, and  
•   creating a true venue for debate.    

 As the registry moves forward, these pertinent 
data will continue to identify risk stratifying fac-
tors and predictors for morbidity and mortality 
and then aid in the formulation of novel methods 
and strategies of care to minimize these risks. 
INTERMACS completed an analysis of the fi rst 
full year of data on FDA-approved durable VADs 
in 2008 that represented 511 patients from 75 
institutions [ 17 ]. Comparably, the fi fth annual 
report was published in 2013, which summarizes 
and analyzes the fi rst 6 years of collection of 
data, with more than 6,000 patients enrolled. 

 Since the inception of the INTERMACS data-
base, it has generated useful information for a 
multitude of centers and has provided data for
•    publications about MCSDs,  
•   review of outcomes, and  
•   programs to improve quality.    

 The data learned from the registry has been 
essential in addressing several key questions in 
the fi eld and providing risk stratifi cation (i.e. 
device related infection, pump thrombosis, fail-
ure of the right heart, etc.) as well as publishing 
rates of survival of patients having been implanted 
with durable VADs. The futures for the 
INTERMACS and pediMACS databases are to 
not be geographically limited. The leadership of 
the International Society for Heart and Lung 
Transplantation (ISHLT) is aiming to collaborate 
and consolidate European and Asian databases 
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(i.e.: EuroMACS, J-MACS) into a single data-
base named the ISHLT Mechanical Assisted 
Circulatory Support Registry (IMACS) [ 18 ].  

    Conclusions 

 A great deal has already been accomplished to 
standardize and improve methodologies for 
the analysis of outcomes following the treat-
ment of patients with ECMO and VAD. While 
these achievements have laid the groundwork, 
much remains to be accomplished. We can, 
and should, rise to the challenge, by more 
effectively:
•    defi ning and measuring outcomes,  
•   setting standards to benchmark results, and  
•   using these data to change and improve 

upon our current practice and these results.    
 International efforts to standardize defi ni-

tions of complications relating to perfusion 
and extracorporeal circulation associated with 
the treatment of patients with congenital car-
diac disease has led to the publication of 
“ Consensus Defi nitions from the Multi-
Societal Database Committee for Pediatric 
and Congenital Heart Disease ” [19, 20]. 
These publications defi ne multiple terms 
related to ECMO and VAD:
•    “Cardiopulmonary bypass is defi ned as the 

process of diverting venous blood from a 
patient’s heart and lungs to a gas exchange 
system for the addition of oxygen, removal 
of carbon dioxide, and subsequent re-infu-
sion to the patient’s arterial system.”  

•   “Extracorporeal membrane oxygenation is 
defi ned as the process of diverting venous 
blood from a patient to a gas exchange sys-
tem for the addition of oxygen, removal of 
carbon dioxide, and subsequent re-infu-
sion to the patient’s arterial or venous 
system.”  

•   “A mechanical circulatory support device 
is defi ned as a pump or apparatus that aug-
ments or replaces the function of the failing 
heart. Two types of mechanical circulatory 
support devices are ventricular assist 
devices and intra-aortic balloon pumps.”    
 A non-comprehensive listing of areas in 

need of future development includes:

    1.    Standardizing and unifying the tools for 
stratifi cation of complexity   

   2.    Improving the tools for stratifi cation of 
complexity in order to account for patient-
specifi c variables   

   3.    Creating methodologies for analysis 
beyond mortality as an endpoint   

   4.    Improving methodologies for verifi cation 
of data   

   5.    Establishing links between databases   
   6.    Standardizing long term follow-up     

 Only through a commitment to transition-
ing from data collection and analysis to con-
tinuous quality improvement can we leverage 
these data to achieve the optimal outcomes for 
our patients and their families.     
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    Abstract  

  The National Congenital Heart Disease Audit was set up as a validated 
electronic database in 2000 for quality assurance purposes to assess and 
monitor outcomes after therapeutic procedures on patients with paediatric 
and congenital heart disease of all ages, with over 100,000 patients cur-
rently in the database (60 % post- surgery). Mortality is tracked indepen-
dently by using unique patient identifi ers (NHS number). NICOR has 
published centre specifi c comparisons of activity, data quality and survival 
on its public portal following individual procedures for over a decade, 
including when units have appeared to be underperforming (web.nicor.
org.uk). It now also operates at a local level with onsite near real time 
monitoring of 30 day mortality and re-interventions. NICOR has begun to 
publish risk adjusted whole centre comparative outcomes, both using 
novel risk adjustment methodology developed using the Audit’s database. 
The Audit has been instrumental in improving the prenatal detection of 
major congenital heart malformations by publishing the regional success 
rates of antenatal screening.  
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        Introduction 

 The National Congenital Heart Disease Audit 
(NCHDA) is used to assess outcomes after 
therapeutic procedures in the United Kingdom 
(UK) and represents an excellent example 
of what can be achieved at a national level to 
monitor surgical and transcatheter cardiovascu-
lar interventions undertaken for quality assur-
ance purposes on patients with congenitally 
malformed hearts of all ages. National moni-
toring of survival rates after congenital cardiac 
interventions in the UK began over 35 years 
ago with the voluntary submission of cardiac 
surgery data to the Society of Cardiothoracic 
Surgeons of Great Britain and Ireland in 
1977. The Central Cardiac Audit Database 
(CCAD) was subsequently established in 
1999 by the British Cardiac Society (now the 
British Cardiovascular Society), the Society 
of Cardiothoracic Surgeons, and the  British 
Paediatric Cardiac Association (now the British 
Congenital Cardiac Association). This involved 
the establishment of a team of experts to set up 
computerized registries with access to sophisti-
cated analyses of anonymised data, inclusive of 
robust protocols for the protection and valida-
tion of data, covering acquired and congenital 
heart disease for both adults and children. A 
major underlying principle was that the audits 
should compare levels of performance, so as 
to set standards of optimal care as a bench-
mark for individual hospitals. Units found to 
be relatively underperforming would receive 
constructive feedback, which might focus on, 
for example, surgical techniques, intensive care 
support, or shortcomings in the ‘system’ or 
infrastructure. The Kennedy report published in 
2001 on the results of infant congenital cardiac 
surgery in Bristol, UK a decade earlier, under-
scored the need for a national system to analyze 
and compare outcomes after cardiovascular 
surgery and therapeutic cardiovascular cath-
eterization [ 1 – 3 ]. 

 In 2000 the Department of Health specifi cally 
funded the CCAD Audit to collate data from 
all centers undertaking procedures for congeni-
tal heart disease in the UK. This audit differed 

in several major aspects from previous national 
audit projects at that time and these features con-
tinue currently:
•    data is collected electronically in a secure for-

mat, with informed patient consent (compul-
sory from 2006);  

•   data is coded with clinician guidance and then 
transferred into a single system to ensure rel-
evance and avoid double counting;  

•   data collection is mandatory for all relevant 
procedures at all institutions undertaking 
paediatric cardiovascular procedures (under 
16 years of age), aiming for 100 % case 
ascertainment;  

•   mortality and re-intervention are tracked cen-
trally by using the unique patient identifi er 
given to all citizens in the UK at birth, or if 
they are eligible for state funded health care, 
namely the National Health Service (NHS) 
number;  

•   independent data validation is used.    
 After a series of internal NHS reorganiza-

tions, in 2011 the CCAD congenital audit as a 
body moved away from being part of the National 
Clinical Audit Support Program, a subsidiary at 
that time of the NHS Information Centre, to being 
one of six audits under the auspices of the National 
Institute for Cardiovascular Outcomes Research 
(NICOR), an independent entity within University 
College London [ 4 ]. NICOR’s mission is to provide 
accurate data on cardiovascular outcomes for the 
public, healthcare providers and the medical pro-
fession. Funding of NICOR is currently from NHS 
England via the Healthcare Quality Improvement 
Partnership (HQIP), which sets and monitors many 
of the deliverables of all the audits [ 5 ].  

    Data Collection 

 The initial system in 2000 consisted of the track-
ing of postprocedural mortality using only a 
standardized minimum dataset of 20 fi elds. This 
system remained unchanged for the fi rst 2 years in 
order to imbed the system into stakeholder hospi-
tals’ infrastructure and culture. A gradual expan-
sion of fi elds then occurred, to include whether 
there was an antenatal  diagnosis (yes or no) and 
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the inclusion of adults with congenital heart 
disease in 2003. Fields to document additional 
comorbidities and the monitoring of outcomes 
related to specifi ed morbidities were added a year 
later. Outcomes metrics now available include 
30 day, in hospital and 1 year ‘alive or dead’ sta-
tus, the length of stay in hospital, and the time 
to fi nal extubation. Currently data are submitted 
electronically in an encrypted format with pro-
spective tracking of mortality and re- intervention 
using up to a 40 fi eld minimum dataset. To ensure 
patient confi dentiality, advanced data encryp-
tion technology is used to control access to data 
through a secure key system. Patient consent for 
central submission is a mandatory requirement 
and to date there have been negligible refusals by 
patients or their families for data submission.

   All 13 paediatric congenital heart disease 
centers in England, Scotland, and Northern 
Ireland have participated since that time, whilst 
the Republic of Ireland joined the NCHDA in 
2012. The acquisition of local data at the point of 
delivery has been found to be essential in order 
to ensure timely and comprehensive collection 
of data on all cases, as has been the presence of 
a local database manager to encourage clinician 
participation and to internally validate the quality 
of data before submission to the NCHDA. 

 As detailed in Chap.   1    , a common clinical lan-
guage is fundamental for success when compar-
ing institutional outcomes. The Short List of the 
European Paediatric Cardiac Code (EPCC) has 
been employed by the NCHDA since 2003 [ 6 ]. 
The European Paediatric Cardiac Code is a sub-
set of the International Pediatric and Congenital 
Cardiac Code (IPCCC), such that all IPCCC 
non- qualifi er codes are mapped to the EPCC, 
enabling those units using the full IPCCC to 
seamlessly map to the EPCC for NCHDA central 
returns of data. The EPCC is also mapped to the 
10th revision of the International Classifi cation 
of Diseases (ICD10), as provided by the World 
Health Organisation, for diagnoses, and the 4th 
revision of the United Kingdom specifi c pro-
cedure codes, as provided by the NHS Health 
and Social Care Information Centre, for cen-
tral government returns and ‘billing’ (currently 
OPCSv4.7). By using these latter maps from the 

EPCC, clinicians and submitting unit managers 
are able to ensure that intervention linked billing 
is accurately ascribed for the individual patient, 
which should in turn ensure correct reimburse-
ment from NHS commissioners.  

    Verifi cation of Life Status 
and Validation of Data 

 The verifi cation process begins with the database 
manager at the congenital cardiac center check-
ing data accuracy with medical staff before the 
data is submitted. Independent validation of the 
patient’s life status (alive or dead) is achieved 
by central tracking using the linkage of each 
patient’s NHS number to the Offi ce for National 
Statistics, where the life status of every resident 
in England and Wales is independently registered. 
The NCHDA is therefore periodically updated on 
patients’ survival status, on a quarterly basis each 
year. Separate arrangements exist in Scotland and 
Northern Ireland. It is important to note that if the 
center undertaking the procedure records a death, 
then this is taken as fact, even if central mortal-
ity tracking is still recording an alive status due 
to legal process delays, such as delay to registra-
tion whilst awaiting the results of an inquest. This 
system, therefore, allows for patients to be tracked 
across the UK, irrespective of changes of address 
or hospital, minimizing the chances of being lost 
to follow-up, at least in terms of life status. 

 In addition, each unit is visited for 1 or 2 days 
each year by an independent specialist database 
nurse administrator employed by NICOR, along 
with a volunteer surgeon or cardiologist from 
another unit. A detailed pre-visit proforma is 
completed by each center covering such areas 
as security and confi dentiality, in-house verifi -
cation and quality assurance, training for data 
collection and accuracy, communication issues, 
accountability, health records management, and 
timeliness of central submission. The visits are 
scheduled in the year following the data submis-
sion year (1st April through to 31st March). At 
the visit, all operating room and catheter labo-
ratory logbooks or electronic records are scruti-
nized to ensure procedural data accuracy and that 
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all procedures have been captured. In addition, a 
random selection of 20 patient hospital records 
is requested in advance and all data points are 
compared to the dataset submitted centrally to 
the NCHDA for missing or incorrect data. A 
percentage Data Quality Indicator score is then 
calculated. To date, the validation visit results 
have been very encouraging with scores improv-
ing over time from an average of 79–91 % cur-
rently (range 81–98 %). At the end of the visit, 
the local audit lead clinician(s), including a con-
genital cardiac surgeon, meet with the auditors 
to discuss areas of excellence and defi ciencies. 
Within weeks, a formal report is submitted back 
to the hospital team and to higher management. 
The visiting audit team have often been able to 
successfully bring pressure on hospital manag-
ers to invest in the provision of manpower and/
or higher quality data entry software to achieve 
improved standards. The visits are therefore 
viewed by the congenital cardiac clinicians as 
very positive and productive encounters. 

 Ideally of course, every medical record of the 
approximately 10,000 patients undergoing pro-
cedures each year should be examined in detail. 
Lack of funding and skilled manpower for such 
an enterprise precludes implementation of this 
costly, time and resource consuming strategy and 
this is unlikely to change in the current economic 
climate. In the UK it has been deemed preferable 
to have this quality assurance visit to all hospi-
tals undertaking congenital cardiovascular proce-
dures on an annual basis using this methodology 
of full case ascertainment along with selective in 
depth data quality analysis, rather than to visit a 
limited number of centers and comprehensively 
examine all of the patient records, as undertaken 
by some other national and international audits 
[ 7 ]. If a unit is under-performing in a particular 
area, or cases have been found which have not 
been submitted, the hospital team is asked to re- 
examine the data element and resubmit this data, 
along with any additional cases which may have 
been found when examining theatre and catheter 
laboratory case records. Duplicate records are 
also eliminated. Investigations beyond this proto-
col have not yet been required. As detailed below, 
centre specifi c results including the Data Quality 

Index are now published on the NICOR NCHDA 
website (web.nicor.org.uk) allowing free access 
to families and the media. An additional incen-
tive, therefore, exists to provide accurate and 
complete data, knowing that central tracking 
of mortality provides external monitoring of 
performance. 

 During a recent review of the validation pro-
cess, further enhancements were agreed. Data 
submissions will be electronically interrogated 
such that missing or nonsensical data fi eld 
entries, will be automatically returned to the 
submitting center for correction, whilst still reg-
istering the individual patient concerned within 
the NCHDA database. An example would be the 
submission of a weight that is outwith three stan-
dard deviations from the mean expected for that 
age. This protocol will include a short timeline 
for resubmission of amended data for that patient 
or an explanation to explain the alleged variance 
to that expected. On site validation visits will also 
be completed in a more rapid timeframe so as to 
be completed within 6 months of the end of the 
submission year, with reports for that year pub-
lished a month thereafter.  

    Procedural Activity and Mortality 
Tracking 

 Table  17.1  documents the overall numbers of sur-
gical and transcatheter cardiovascular procedures 
undertaken in the United Kingdom from 2000 to 
2013, with 30 day and 1 year survival [ 8 ]. Over 
100,000 patients have been submitted with a cur-
rent rate of over 10,000 each year. Nearly 60 % 
of these are surgical procedures, with just over 
4,700 operations being performed currently in 
those under 16 years of age. The overall increase 
in surgical and transcatheter intervention volume 
over time at least in part refl ects the capturing of 
more data from adults with congenital heart dis-
ease over recent years. When fi rst setup there was 
some doubt as to the need for a separate organiza-
tion to collect data for congenital cardiac proce-
dures. A comparison was therefore made between 
the data collected by CCAD in 2000–2001 and 
the volunteered data submitted to the Society 
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of Cardiothoracic Surgery of Great Britain and 
Ireland, as well as administrative data collated by 
NHS coders mostly for billing purposes, known 
as Hospital Episode Statistics. Perhaps not sur-
prisingly, there was marked underreporting of 
mortality in the voluntary data submission when 
compared to that submitted to CCAD with cen-
tral mortality tracking. In 2000–2001 7 of 11 
centers in England under-reported 30 day mor-
tality for the 5,494 procedures undertaken (3,666 
surgical and 1,828 therapeutic catheterization). 
Central tracking identifi ed 194 deaths which had 
occurred within 30 days of the procedure, 42 of 
which but were not present in the volunteered 
data. Nineteen of the forty-two patients had been 
discharged alive but subsequently died within 
30 days of their operation, whilst the remaining 
23 patients had been incorrectly coded as alive 
at discharge. Voluntary reporting of discharge 
status, therefore, underestimated 30 day mor-
tality by 22 % [ 3 ]. A similar picture was found 
with respect to administrative data acquisition, 
which was available for 2,716 patients. Hospital 
Episode Statistics data had underreported 30 
day mortality by 9 %, whilst classifying 1 % of 
surviving patients as deceased. Administrative 
data had also under-reported the total number of 

procedures by 10 % [ 3 ]. As a consequence, vol-
unteered and administrative data has now been 
completely superseded by NCHDA submissions 
for quality assurance purposes. Although admin-
istrative data continues to be collected in the UK, 
its quality remains suspect and unreliable, with 
little clinician input. 

 Validation visits have proved to be invalu-
able when ensuring complete case ascertainment. 
During the 2000–2001 validation visits 143 pro-
cedures were found to be missing from the data 
submissions to CCAD, predominantly related 
to systematic errors in data collection. The vis-
its resulted in submission of missing or revised 
data from all of the 13 centers and a smaller but 
important number of procedures continue to be 
added after validation visits, as well as duplicate 
entries deleted.  

    Risk Adjusted Outcomes 

 Initially, in view of the heterogeneity of proce-
dures used to treat congenital cardiac malforma-
tions and the relatively small number of cases 
undertaken in each center, outcomes were only 
reported for a limited number of ‘benchmark’ 

   Table 17.1    Cardiovascular surgical and transcatheter interventional procedures undertaken in the United Kingdom 
2000–2013 with 30 day and 1 year survival for children (under 16 years) and adults with congenital cardiac disease, as 
well as children with acquired heart disease   

 Financial
year (April to
April) count 

 Total
procedure 

 Surgical
procedures 

 Surgical
procedures
<16 years 

 Transcatheter
interventional
procedures 

 Transcatheter
interventional
procedures
<16 years 

 30 day
survival (%) 

 1 year 
survival (%) 

 2012–2013  10,195  5,836  4,716  4,359  2,699  98.2  No data 
 2011–2012  10,207  5,716  4,649  4,491  2,626  98.1  95.4 
 2010–2011  10,120  5,839  4,771  4,281  2,468  97.8  94.8 
 2009–2010  9,209  5,264  4,238  3,945  2,153  98.1  95.3 
 2008–2009  8,840  4,948  4,005  3,892  2,220  97.8  94.9 
 2007–2008  8,354  4,770  3,959  3,584  2,022  97.9  95.2 
 2006–2007  8,540  4,792  4,028  3,748  2,251  97.7  94.5 
 2005–2006  8,089  4,632  3,919  3,457  2,212  97.7  94.8 
 2004–2005  7,344  4,345  3,786  2,999  2,091  97.4  93.8 
 2003–2004  7,376  4,489  3,985  2,887  2,211  97.4  93.9 
 2002–2003  6,422  4,125  3,716  2,297  1,837  97.1  93.8 
 2001–2002  5,943  3,787  3,311  2,156  1,720  96.6  93.4 
 2000–2001  5,960  4,067  3,707  1,893  1,658  96.5  91.8 
  Total    105 , 599    62 , 610    52 , 790    43 , 989    28 , 168  
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procedures: six for surgery (repairs of atrial 
septal defect, ventricular septal defect, atrioven-
tricular septal defect, tetralogy of Fallot, simple 
transposition of the great arteries, and aortic 
coarctation) and three for therapeutic catheter-
ization (atrial septal defect closure, arterial duct 
closure and balloon dilation of the pulmonary 
valve), focusing on the fi rst year of collection [ 3 ]. 
Quality assurance was provided by the fi nding 
that there was no signifi cant inter-unit or inter-
operator variation detected for these procedures. 
Currently outcomes are stratifi ed into 56 differ-
ent procedure categories. These are tabulated and 
published annually, along with 3 yearly cohort 
analyses displayed as funnel plots (see below) 
which compare the 30 day mortality outcomes 
of the centers undertaking these procedures. 
Pressure to publish whole program outcomes as a 
single fi gure comparator between specialist units 
for postprocedural 30 day mortality have been 
resisted until very recently, owing to the lack of 
sound and validated risk adjustment methodol-
ogy. Indeed outcomes were not included in the 
Safe and Sustainable Review of paediatric car-
diac services in the UK, as fair adjustment for 
case mix was considered too diffi cult to achieve 
[ 9 ]. Paediatric cardiac surgery is very heteroge-
neous, with hundreds of IPCCC codes used in 
combinations to describe diagnoses and specifi c 
procedures, and it is established that the risk for 
individual operations varies widely [ 10 ]. 

 Elsewhere, early efforts to adjust for case 
mix were based on the subjective and consensus 
based assessment of risks by panels of experts, 
creating the Risk Adjustment for Congenital 
Heart Surgery (RACHS-1) system [ 11 ] and 
Aristotle Score [ 12 ]. While certainly valuable 
and of some use, these methods have recently 
been challenged or even superseded by more 
empirical approaches, based on the recent avail-
ability of databases incorporating the outcomes 
of tens of thousands of patients. The Society 
of Thoracic Surgeons-European Association of 
Cardiothoracic Surgery (STS-EACTS) score 
(STAT-score), introduced in 2009, was based 
on data from over 75,000 paediatric cardiac sur-
gery procedures performed between 2002 and 
2007 in Europe and North America [ 13 ]. A total 

of 148 procedures were assigned a numeric score 
ranging from 0.1 to 5.0 based on the estimated 
mortality rate, thereby enabling benchmarking 
with risk adjusted outcomes based on how well 
the clinical teams have been performing in the 
recent past [ 14 ]. 

 A similar empiric risk adjustment system 
has recently been developed in the UK based on 
data in the NCHDA database with respect to 30 
day mortality after paediatric cardiac surgery, 
referred to as PRAiS (Partial Risk Adjustment in 
Surgery). It was created specifi cally to enable in 
house, near real time monitoring of whole pro-
gram activity, so as to answer the major criticism 
of historical reporting of outcomes on operations, 
which may date from a year, if not several years 
earlier. This delay in analyzing and then report-
ing the results of surgery for quality assurance, 
along with the identifi cation of potential outlier 
institutions, is due to the validation process and 
the fact that procedure specifi c outcomes are 
reported in rolling three yearly cohorts due to the 
relatively low numbers involved. There has been 
a perception by some parent groups that deaths 
may have occurred which were avoidable in the 
interim period. The PRAiS model uses relatively 
complex risk adjustment methodology that 
incorporates not only the procedure category but 
also includes cardiac diagnosis, univentricular 
status, age category (neonate, infant, child), con-
tinuous age, continuous weight and the presence 
of non-Down syndrome comorbidity, as well as 
era so as to take into account recent lower overall 
mortality [ 15 ]. It was developed and then vali-
dated prospectively using data from all pediat-
ric cardiac surgery procedures performed in the 
UK between 2000 and 2010 as a comparator 
baseline [ 16 ]. It has recently been re-calibrated 
with data from operations between 2009 and 
2012 to refl ect the noted improvement of most 
recent 30 day mortality outcomes. All special-
ist centers in the UK are now mandated by NHS 
England to use this method for near real time 
in house monitoring of paediatric cardiovascu-
lar procedures, as described in detail in Chap. 
  25    . The method enables early identifi cation of 
adverse events (within a month), whether death 
or unplanned reoperation. Such events may be 
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explainable on the grounds of case mix or the 
presence of comorbid conditions, or alterna-
tively generate within team discussions leading 
to changes in local healthcare strategies. More 
recently PRAiS methodology has been applied 
to whole program outcomes as a national com-
parator of performance with respect to 30 day 
mortality covering 2009–12 [ 17 ]. Funnel plot 
methodology is being used, plotting the relative 
risk, that is, observed survival divided by PRAiS- 
predicted survival, against volume of cases, such 
that the case complexity of each center is used 
as the basis for predicting performance. PRAiS 
has now become an integral part of UK quality 
assurance for congenital cardiac surgery in these 
complimentary capacities, for local near real 
time assessment of performance by individual 
specialist centers and for national comparisons 
of performance in 3 yearly cohorts. 

 The UK is one of only three countries with 
universal participation in national audit of pae-
diatric cardiac surgery, the other two being 
Sweden and Poland, meaning that the UK 
NCHDA is a valuable resource for the explora-
tion of trends in outcome. A recent trend analy-
sis of over 36,600 surgical episodes undertaken 
in 10 consecutive years from April 2000 to 
March 2010, demonstrated a fall in 30 day raw 
mortality from 4.3 % in 2000–2001 to 2.6 % in 
2009–2010 (April to March) [ 18 ]. This coin-
cided with a signifi cant increase in the number 
of pediatric congenital heart procedures under-
taken in the UK; rising from 2,283 in 2000–
2001 to 3,393 in 2009–2010. These UK results 
compare favorably with international similar 
era results from North America and Europe 
with a reported mortality of just over 4 % [ 14 , 
 19 ]. Importantly, case mix, as assessed using 
four risk bands of estimated mortality calcu-
lated using PRAiS methodology, progressively 
increased in this decade, notably in terms of the 
numbers of patients weighing less than 2.5 kg 
and those with a high risker diagnosis such as 
hypoplastic left heart syndrome [ 18 ]. Concerns 
that the publication of comparative unit specifi c 
30 day mortality outcomes might lead to risk 
averse behavior by individual surgeons or cen-
ters appear to be unfounded in the UK.  

    Publication of NCHDA Analyses 
and Quality Assurance 

 Since 2007, the annual results for congeni-
tal cardiac procedures have been published on 
the NICOR NCHDA website, with free access 
to families, the media and medical colleagues 
(web.nicor.org.uk). This Public Portal’s main 
focus is to provide details of the 30 day and 
1 year life status outcomes after 39 surgical 
procedures and 17 transcatheter procedures 
(including radiofrequency ablation and place-
ment of implantable cardioverter defi brillators) 
[ 20 ]. These are presented as procedure and cen-
ter specifi c outcomes both in tabular displays 
for each year and in graphical format, using fun-
nel plots for three yearly cohorts, here plotting 
percentage survival against the number of cases. 
The funnel shape arises because Units to the left 
of the plot have fewer cases and so would be 
expected to have more variability due to chance. 
There are superimposed ‘control limits’ of two 
and three standard deviations below the mean, 
as exemplifi ed in Fig.  17.1 , which illustrates the 
survival plot of the 505 patients who underwent 
defi nitive repair of a complete atrioventricular 
septal defect (complete atrioventricular canal) 
in the UK and Republic of Ireland between 1st 
April 2009 and 31st March 2012. The overall 
average survival is depicted as a horizontal grey 
line. Two control limits are shown: a warning 
limit as a green line (98 % control line) and a 
red line for the 99.8 % control line, representing 
an ‘alert limit’. Unit performances are shown as 
numbered symbols referable to the table below 
the plot. The Portal also has extensive sections 
which explain the analyses for the lay reader, 
details of the centers performing congenital 
heart procedures (provided by each center), 
along with the center’s Data Quality Index for 
the most recent validated year, as well as links 
to explanatory pages for many congenital heart 
malformations. There is a technical section for 
contributors and a tab for antenatal diagno-
ses (see below). The NCHDA has not to date 
published individual operator results as there 
is an embedded belief that the responsibil-
ity for operations involving congenital cardiac 
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 malformations rests on the team involved (oper-
ator, intensivist, cardiologist, anesthetist, etc.) 
and rather than solely with the surgeon. Private, 
password controlled access is provided on the 
NCHDA Portal, however, for the individual 
operator to see personal details of procedures 
performed in comparison to the national aver-
age. This personalized data is a crucial part of 

the revalidation and annual appraisal processes 
undertaken by clinicians in the UK.

   Quality assurance with respect to 30 day mor-
tality is assessed on a rolling 3-year basis for each 
of the 56 procedures and displayed on the proce-
dure specifi c funnel plot (Fig.  17.1 ). If a Unit is 
above the green line, then the performance is no 
different from the national average. If a Unit is 
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  Fig. 17.1    Funnel survival plot of the 505 complete atrio-
ventricular septal defect (atrioventricular canal) repair 
operations performed in children (under age 16 years) 

undertaken in the United Kingdom between 1st April 
2009 and 31st March 2012 (Accessed 31st March 2014)       
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found to be below the warning limit, a protocol is 
set in motion before declaring that performance 
is below expected. The initial focus is on the data 
quality itself to ensure that a process error has 
not occurred when the data was submitted by 
the institution to the NCHDA. The Audit Lead 
at the Unit is asked to check with his database 
manager that the deaths in question have been 
correctly coded, particularly with respect to the 
exact procedure undertaken and other diagnoses 
present. If a potential outlier status is established, 
once data quality is confi rmed not to be in ques-
tion, then the NCHDA Clinical Lead, along with 
the Presidents of the Society of Cardiothoracic 
Surgeons of Great Britain and Ireland and British 
Congenital Cardiac Association formally write to 
the Audit Lead and Lead Surgeon at the Center 
requesting a report be delivered within 3 weeks to 
explain the outcome and any remedial healthcare 
changes which have been actioned as a result. 
The Center is expected to include an evaluation 
of case-mix, including comorbidities and risk 
factors which may have adversely effected out-
come, related healthcare processes and available 
resources, as well as contributions from the pro-
fessionals directly involved in patients’ care. A 
similar pyramidal process has been summarized 
by an Australian team [ 21 ], emphasizing the 
complexity involved when drawing conclusions 
based on a single outcome variable, namely 30 
day mortality. If an institution is below the alert 
limit (red line), a similar process follows except 
that the formal letter is additionally copied to the 
Unit’s Medical Director, who then informs the 
appropriate NHS overarching regulatory body. 
Using this methodology, the spurious rank-
ing of the centers is avoided, whilst procedural 
complexity and the volume of cases is taken into 
account and hospitals falling outside these limits 
incur further investigation.  

    Antenatal Diagnosis of Congenital 
Heart Malformations 

 Although quality assurance has been the domi-
nant goal of the NCHDA, a parallel aim has 
been quality improvement in clinical practice 

related to congenital heart malformations. In 
the UK almost all women have an ultrasound 
scan to detect fetal anomalies in the mid sec-
ond trimester including screening for major 
congenital heart malformations. The benefi ts of 
an antenatal detection are well established and 
include planed safer perinatal management, the 
appropriate use of medical services and parental 
choice. The affected child may benefi t from bet-
ter neurodevelopmental outcomes and a shorter 
hospital stay in intensive care [ 22 ]. In 2004 the 
Audit introduced the mandatory additional fi eld 
of ‘antenatal diagnosis’ with the simple choice 
of ‘yes’ or ‘no’. In 2008 the initial results were 
published on the NICOR congenital heart dis-
ease website, dividing the country into Health 
Authorities and Primary Care Trusts. The suc-
cess rate of detected heart anomalies that require 
a procedure during infancy (excluding patent 
arterial and atrial septal defect closure) var-
ies greatly across the UK, ranging from under 
10 % to over 50 % [ 23 ]. The data do not include 
pregnancies that were discontinued following a 
prenatal diagnosis of a major cardiac anomaly, 
often complicated by karyotype anomalies, or in 
utero deaths. Subsequent analyses have shown 
a consistent positive trend in antenatal diagno-
ses across the UK (Fig.  17.2 ), although regional 
and inter-hospital variation remain, with 
most marked improvement seen in Wales and 
Scotland and some areas remaining relatively 
static. This improvement has largely been due to 
commissioned investment in local and regional 
training programs for sonographers as required 
by the NHS Fetal Anomaly Screening Program, 
the acquisition of high quality ultrasound equip-
ment, and changes in national guidelines [ 24 , 
 25 ]. It is also an excellent demonstration of how 
quality of care can be improved for any clini-
cal outcome measure using a validated national 
database which publishes its results on a public, 
web-based portal, and permits a degree of ‘nam-
ing and shaming’ poor performance to drive 
improvements. This increase in performance 
following the incorporation of the validated 
‘yes/no’ question into the NCHDA database has 
implicitly raised the standards of care for babies 
with major congenital heart malformations, and 
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supports the need for national comprehensive 
validated registries.

       Future Developments 
and Conclusions 

 The history of pediatric cardiac surgery in the UK 
is such that the speciality is highly scrutinized 
and remains connected in the public mind to dis-
tressing past events [ 1 ,  2 ]. The placing of patient 
safety with effective clinical governance and best 
practice at the centre of every congenital cardiac 
program has been a common goal in the NHS, 
supported by clinicians, NICOR and related par-
ent groups. There has been a progressive decrease 
in paediatric cardiac surgical mortality and world 
class results are now the expected norm in the UK 
[ 18 ]. The NCHDA has been collecting national 
data on all congenital cardiac surgical and trans-
catheter interventions in the UK since 2000, 
providing quality assurance on 30 day mortality 
rates, whilst also tracking longer term survival. 
It has published centre specifi c comparisons of 

activity, data quality and survival on its public 
portal following individual procedures for over a 
decade, including when units have appeared to be 
underperforming. It now also operates at a local 
level with onsite near real time monitoring of 30 
day mortality and re- interventions and has begun 
to publish risk adjusted whole centre comparative 
outcomes, both using PRAiS methodology. 

 The NCHDA process requires the harvesting 
of accurate and validated data on the diagnosis, 
treatment, and outcome of patients with paedi-
atric and congenital heart disease from prenatal 
life through to adulthood. The reporting to the 
public of data and outcomes, combined with 
the knowledge that central tracking of mortality 
externally monitors performance, provides added 
incentive to institutions to provide accurate and 
complete data. Planned improvements to the vali-
dation process, such as automated sense check-
ing for accuracy and alignment of diagnosis and 
the procedure undertaken, should strengthen this 
process further. 

 The UK national system enables the compari-
son of outcomes following interventions between 
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  Fig. 17.2    Bar chart showing the trend in the whole of the 
UK towards improved antenatal diagnosis over the past 10 
years for infants requiring surgery or a transcatheter inter-
vention for congenital heart disease, excluding closure of 

a patent arterial duct or atrial septal defect. Less than a 
quarter of cases were diagnosed antenatally in 2004. This 
has risen to nearly half in 2013. Years are fi nancial, run-
ning from 1st April to 31st March       
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individual centers, whilst taking into account the 
mix of cases involved, accompanying risk fac-
tors and comorbidities, as well as postprocedural 
complications. 

 Benchmarking against those units who per-
form best allows the analysis of relevant and gen-
uine factors underlying differing outcomes, and 
should lead to the instigation of improvements, 
which should positively affect both mortality and 
morbidity. The NCHDA has a number of ongo-
ing projects to understand better the infl uence of 
other factors on 30-day mortality. These include 
an assessment of the importance of ethnicity 
and socio-economic deprivation, as well as the 
importance of individual risk factors and comor-
bidities on short term outcome. 

 Although the improvements in prenatal diag-
nosis are gratifying and can be used to compare 
temporal patterns of antenatal detection, the data 
cannot provide a complete record of prenatal 
detection of major congenital heart anomalies 
and subsequent outcomes other than interven-
tions. There is a requirement for mother-to-infant 
linkage to provide such granular and diagnosis 
based audit and is the aim of future modifi cations 
to the NCHDA, as well as expanding the data 
fi elds to include all possible outcomes following 
a prenatal diagnosis (termination of pregnancy, in 
utero demise, compassionate non-interventional 
care and interventions). 

 For individual patients, outcome is much more 
than survival alone, and their recovery usually 
continues long beyond the fi rst 30 postoperative 
days. Modern day intensive care and life support 
have evolved along with surgical advances such 
that very long specialist hospital stays are not 
uncommon, some ending in death well beyond 
30 days; and survival may well be accompanied 
by a variety of complications. These facts and 
the very low mortality rates currently reported 
in the developed world have shifted the focus of 
audit away from just survival, to survival with as 
little morbidity as possible, measures of func-
tional status and patient reported experiences 
and quality of life. Databases are already being 
used to report both outcomes, with an empha-
sis on long term, complication free survival as 
a superior marker for quality of healthcare [ 26 ]. 

Such measures may also provide evidence on 
the comparative longer term benefi ts of differ-
ent interventional strategies which may have 
commenced in the neonatal period. As part of 
this move, the members of NCHDA research 
team are undertaking analyses which examine 
unplanned re- interventions for specifi c lesions, 
such as for tetralogy of Fallot and transposition 
of the great arteries following the arterial switch 
procedure. A large scale project has also started 
to understand postoperative morbidity in the UK 
 population [ 27 ]. An expansion of the database is 
planned for April 2015 to focus on complications 
following transcatheter interventions, including 
embolization of devices, the need for unplanned 
re-interventions (surgical or transcatheter) and 
local vascular compromise. Specifi c manufac-
turer details of implanted devices, including 
septal closure devices, implantable valves and 
pacemakers, will also be included. 

 Finally, work has begun to compare inter-
national outcomes using the IPCCC in its dif-
ferent versions as a common coding language 
to compare data and outcomes between the 
UK NCHDA and its equivalent in Europe and 
North America, the databases of the European 
Association of Cardiothoracic Surgery and the 
Society of Thoracic Surgeons. It is anticipated 
that such future cooperative multi-institutional 
and multinational studies will enable further 
improvements in the quality and effectiveness of 
healthcare for patients with congenital cardiac 
malformations of all ages, whilst infl uencing the 
allocation of increasingly limited resources.     
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        Introduction 

 The  Regional Cardiac Program  was formed in 
1953 and was given the mission of providing 
fi nancial support for children undergoing cor-
rective surgery to treat congenital heart defects 
who were born in North and South Dakota, 
Montana, Wisconsin, and Minnesota. In 1979, 
representatives from the University of Minnesota 
and the Mayo Clinic organized a meeting with 
state and federal legislators to discuss the future 
of the Regional Cardiac Program. Because of 
the expanding availability of private and state 
funding, it was elected that the mission of the 
organization should change. A new mission was 
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    Abstract  

  The Pediatric Cardiac Care Consortium (PCCC) was developed to provide 
individual institutions feedback about outcomes of common surgical and 
catheter based procedures and allow comparison of these outcomes on an 
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proposed that would provide accurate and real- 
time feedback to institutions providing care to 
children with heart defects. Thus, the  Northern 
Great Plains Regional Cardiac Program  was 
formed and tasked with collecting, analyzing, 
and providing operative and interventional out-
comes on patients treated at member institutions. 
Subsequently, as centers from geographic areas 
beyond the Midwest joined, the name of the orga-
nization was changed to the  Pediatric Cardiac 
Care Consortium  (PCCC). 

 Although the mission of this group was clearly 
articulated, obstacles that confronted the group 
quickly became evident. Some of the obstacles 
included
•    the very low incidence of the congenital car-

diac disease,  
•   the diversity of anatomy,  
•   the lack of a detailed and uniformly accepted 

system of nomenclature,  
•   the variability of strategies of treatment 

between institutions, and  
•   the inability to risk adjust individual 

procedures.    
 Members of the PCCC were instrumental in 

addressing these early obstacles. Some of the 
early achievements of the PCCC registry were:
•    the development of a system of centralized 

acquisition, analysis, and dissemination of data,  
•   the creation of a uniform system of coding and 

classifi cation for congenital cardiac defects,  
•   the development of a methodology of risk 

adjustment to accurately and fairly facilitate 
the analysis of outcomes, and  

•   the implementation of a system to consistently 
audit the individual data that were submitted 
to the registry.    
 These accomplishment where achieved 

decades prior to the ongoing developments of 
current national and international databases for 
congenital cardiac disease.  

    The Database 

 The Pediatric Cardiac Care Consortium [ 1 ] data-
base currently contains information on all car-
diac procedures – including surgeries, cardiac 

catheterizations, and electrophysiology stud-
ies – performed at over 56 institutions over a 30 
year period. Details of the creation, activities, 
and function of the PCCC have been described 
in several publications [ 2 – 4 ]. The database col-
lected data about:
•    demographics,  
•   diagnoses,  
•   procedures,  
•   history of previous cardiac operations, and  
•   associated non-cardiac conditions.    

 After these data were submitted, information 
was extracted and all diagnoses and procedures 
were coded utilizing the standardized system of 
nomenclature of the PCCC. 

 Data collected (Table  18.1 ) included
•     patient identifi er,  
•   patient country and state or country of origin,  
•   hospital name,  
•   encounter identifi er number,  
•   date of birth,  
•   birth weight,  
•   date of admission to the hospital,  
•   weight at time of admission,  
•   previous cardiac operations (types and dates),  
•   presence and type of noncardiac malforma-

tions or conditions,  
•   data about cardiac catheterization, (including 

date, weight, hemoglobin, cardiac diagnosis, 
and type of procedure),  

   Table 18.1    Data collected in PCCC   

 Patient identifi er 
 Patient country and state of origin, or country of origin 
 Hospital name 
 Encounter identifi cation number 
 Birth date 
 Birth weight 
 Hospital admission data 
 Weight at time of admission 
 Previous cardiac operations (types and dates) 
 Presence and type of non-cardiac malformations or 
conditions 
 Cardiac catheterization data, including date, weight, 
hemoglobin and diagnoses 
 Cardiac operation data, including date, weight, 
hemoglobin, cardiac diagnosis, and type of procedure 
 Discharge, transfer, or death date, including diagnoses 
at death. 
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•   date of discharge, transfer, or death (including 
diagnoses at death).    
 Diagnostic data included

•    detailed cardiac diagnosis,  
•   cardiac procedure,  
•   chromosomal anomalies, and  
•   information on other systems including cen-

tral nervous system (CNS), gastrointestinal 
(GI), genitourinary (GU), respiratory, and 
musculoskeletal.    
 Data about outcomes included

•    30-day survival post procedure,  
•   need for extracorporeal membrane oxygen-

ation (ECMO),  
•   need for insertion of pacemaker or Automatic 

Implantable Cardio-Defi brillator (AICD),  
•   need for unplanned reoperation, and  
•   length of hospitalization.    

 Participating institutions submitted proce-
dures to the PCCC in paper form that was either 
faxed or mailed to the University of Minnesota 
(Fig.  18.1 ). To assure quality of the data, the cod-
ers at the PCCC manually reviewed all cardiac 
diagnostic and procedural codes to assure con-
sistency among institutions. A process of double 
data entry was employed and independent verifi -
cation of the number of procedures and deaths in 
relationship to these procedures at each institu-
tion in a given year were obtained. If discrepan-
cies existed between the number of cases reported 
to the PCCC and the number in medical records, 
then these discrepancies were resolved before the 
data from the center were analyzed. Best prac-
tices, in compliance with the Health Insurance 
Portability and Accountability Act of 1996 of 
the United States of America (HIPAA), were fol-
lowed with participating institutions agreeing
•     to submit data on all patients treated at their 

institutions, and  
•   to permit independent confi rmation on the 

number of procedures performed annually to 
ensure compliance.    
 Centers also agreed to pay a nominal fee 

per form to support the costs of collecting and 
evaluating the data. Upon joining the registry, 
each center identifi ed a cardiologist who was the 
contact person for their institution. In addition, 
each center identifi ed a data collector who was 

 responsible for the timely submission of data. 
This person was responsible for completing the 
data form and attaching the appropriate proce-
dural reports. These forms were then forwarded 
to the PCCC’s central offi ce for coding and entry 
into the PCCC database. All diagnoses and proce-
dures were assigned a PCCC study code number. 
Trained coders reviewed the reports, extracted 
information, and coded the cardiac diagnoses 
and types of operations. However, additional data 
were extracted from the original paper PCCC 
forms, such as
•    procedural information (cardiopulmonary 

bypass time, circulatory arrest time, thymec-
tomy, duration of exposure to radiation during 
catheterization procedures),  

•   hemodynamic fi ndings at cardiac 
catheterization,  

•   description of operation and of devices used 
(pacemaker, prosthetic valve and conduit 
types and sizes).    
 At the time of the development of the PCCC, 

a system of coding that accurately defi ned con-
genital cardiac anomalies and allowed for clear 
communication between caregivers had not been 
adequately developed. After reviewing various 
classifi cation schemes for congenital heart dis-
ease, including the International Classifi cation of 
Diseases [ 18 ] of the World Health Organization, 
it was concluded that these systems were either 
too broad or imprecise. Therefore, a new cod-
ing system was developed that included separate 
codes for diagnoses and procedures. The coding 
system was developed with the goals of
•    providing a detailed description of the cardiac 

lesion,  
•   evaluating the complexity of the operation,  
•   ensuring the completeness of the data, and  
•   creating a platform for collaboration between 

disciplines.    
 Codes are 5 digits in length, with each additional 

digit defi ning more precise information about anat-
omy and surgical intervention (Appendices  18.1  
and  18.2  provide the diagnostic and procedural 
codes of the PCCC for atrial septal defects). For 
example, a diagnostic code of 13100 indicated an 
atrial septal defect; 13120 indicated a secundum-
type atrial septal defect; while 13121 indicated a 
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  Fig. 18.1    PCCC cover sheet         
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Fig. 18.1 (continued)
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secundum atrial septal defect with a left-to-right 
shunt. This methodology allows one to search for 
all diagnoses or procedures included in general 
categories (i.e. all 131xx codes to capture all atrial 
septal defects) or to search specifi cally for very 
narrow diagnoses (i.e. only secundum atrial septal 
defects). There are additional procedural qualify-
ing codes which indicated if the operation was 
a redo, takedown, staged, etc. These qualifying 
codes make querying an even more specifi c pro-
cedure, for example takedown of a central shunt or 
redo of total anomalous pulmonary venous return, 
much easier (Appendix  18.3 ). 

 Descriptive statistics were used to describe 
the annual occurrence, type of patient, case mix, 
cardiac catheterization experience, operative 
experience, mortality, and length-of-stay. A sta-
tistical test of signifi cance [ 17 ] was used to note 
differences between an individual center and the 
group. Risk adjustment was performed by utiliz-
ing  Risk Adjusted Classifi cation for Congenital 
Heart Surgery ,  version 1  (RACHS-1). As 
described elsewhere in this book (in the Chap. 
  26     by Thiagarajan and Laussen”, RACHS-1 is a 
validated and widely used risk-adjustment system 
that classifi es the congenital cardiac operations 
into six categories based on expected early mortal-
ity rates [ 19 ]. The PCCC presented this analyzed 
information in a yearly report that was distributed 
to the participating institutions for review. These 
reports summarized the center’s adjusted mortal-

ity for each of the procedures for which they have 
had ten cases during the past 5 years. For each of 
these operations, a separate report was included, 
depicting the mean and range of values for the 
individual center, including nine variables predic-
tive of mortality. This Annual Report allowed a 
center to compare their experience with the group, 
particularly for operations for which they have an 
elevated adjusted mortality.  

    Contribution to the Field 
of Congenital Heart Disease 

 Since the inception of the PCCC, the value of the 
database as a tool to facilitate research has been 
well recognized [ 5 – 10 ,  12 – 14 ]. Few other multi- 
center collaborative studies exist in the fi eld, and 
none have existed for as long a time period as the 
PCCC [ 22 – 31 ]. To date, the PCCC has enrolled 
over 100,000 patients and has data over 130,000 
procedures (surgeries, catheter-based interven-
tions, and electrophysiological studies) since 1982 
(Figs.  18.2 ,  18.3 , and  18.4 ). A 25 year experience 
from the PCCC has recently been compiled, in 
addition to several articles describing composite 
results for specifi c operations, cardiac anomalies, 
or genetic syndromes [[ 1 ,  3 ,  6 ,  8 ,  9 ,  12 ,  13 ,  32 – 34 ]. 
Using multi-institutional data collected prospec-
tively over 25 years of pediatric cardiac surgery, the 
PCCC analyzed trends in post-operative mortality 
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and quantifi ed the infl uence of risk factors includ-
ing institutional volume. Overall, survival after 
pediatric cardiac surgery improved substantially 
across all age and risk groups except the minimal 
risk category 1, which has reached a plateau. Over 
time, the gaps between the different risk categories 
narrowed, but risk severity remains by far the best 
predictor of post-operative mortality [ 35 ]. Residual 
age and sex specifi c risk exist that are not captured 
by RACHS-1, with younger age and female sex 
associated with increased risk of death.

     The patient specific longitudinal follow-up 
within the registry data was invaluable when 
assessing long-term outcomes after opera-
tive or catheter intervention for rare forms 
of congenital cardiac disease. Data from the 
PCCC have been presented extensively in 
peer-reviewed manuscripts or scientific meet-
ings, and have contributed significantly to 
the understanding of the long term outcomes 
of patients with congenital cardiac disease 
[ 6 – 14 ].  
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    Future of the PCCC 

 Because of the increasing number of other nation-
ally recognized congenital cardiac databases, in 
conjunction with external fi nancial pressures, 
the executive board of the PCCC elected to stop 
accepting patient information from member insti-
tutions as of January 1, 2012. Letters were posted 
to each institutional representative and fi nal quality 
reports were issued. The decision to stop accept-
ing new patients was made in conjunction with a 
discussion concerning what the future mission of 
the PCCC should be. The current database has data 
from over 250,000 procedures stored in both digi-
tal and hard copy form. The decision was made to 
dedicate resources in order to transition the data-
base from an organization that reports measures 
of comparative procedural outcomes to one that 
reports research about longitudinal clinical out-
comes research. The initial step was to be able to 
manage the more than 100,000 aging paper forms 
and notes in a  searchable, readily available system 
of information. An expensive endeavor was initi-
ated which consisted of the organization and digi-
tation of all forms. This process took over 4 months 
and entailed the scanning of hundreds of thousands 
of paper documents. The documents included
•    operative notes,  
•   discharge summaries,  
•   autopsy reports, and  
•   any additional information that was attached 

to the record of the patient.    
 This initiative has recently been completed 

and the data is currently housed at the University 
of Minnesota Health System. The database is 
encrypted and password protected. Data are read-
ily searchable and controlled by both the Division 
of Pediatric Cardiac Surgery and the Division of 
Pediatric Cardiology. The database is currently 
set up with patient-specifi c data and center- 
specifi c data; these data may be utilized by inves-
tigators and non-profi t organizations independent 
of their association with the PCCC. Individuals 
may request, through the Division of Pediatric 
Cardiac Surgery, specifi c procedural information 
on large numbers of patients. With achievement 
of the current format of the database, multiple 
studies may be accomplished at a minimal fee. 

Utilizing these data in a retrospective fashion, 
many varying research initiatives may be accom-
plished. These include, but are not limited to:
•    comparisons between surgical and catheter- 

based intervention;  
•   evaluation of the evolution of surgical tech-

niques addressing complex cardiac defects;  
•   documentation of improved surgical outcomes 

for specifi c diseases.    
 With the massive amount of patient-specifi c 

data and procedure-specifi c data currently avail-
able, another critical important function of the 
database could be to evaluate long-term survival 
and outcomes. Ideally, rates of life expectancy 
and causes of death for patients with the vari-
ous types of congenital cardiac disease should 
come from prospective studies of large groups of 
patients with these conditions and their respec-
tive interventions [ 15 ]. Currently, these types of 
studies are not easily feasible; and therefore, the 
main other source of information regarding the 
“unnatural” history of congenital cardiac disease 
remains the clinical registries. Unfortunately, 
a common drawback of these registries is the 
limited availability of long-term follow-up. An 
alternative approach is to enrich existing clinical 
registries with long-term data from other sources 
by linking them to these additional databases, 
such as national death registries, for example. 
Linking the PCCC with such a registry would 
overcome this weakness by providing long-term 
data about mortality and causes of death [ 16 ]. 
The combined post-linking database will provide 
a unique resource that can be used to evaluate 
long-term survival as well as major causes or con-
tributing factors of death for patients  surviving 
interventions for congenital cardiac disease.  

    Conclusion 

 Over 60 years ago, an organization was created to 
assist in the treatment of children diagnosed with 
congenital cardiac disease. Over the decades, this 
organization has effectively evolved to fi t the par-
ticular needs of the time. Recently, the mission 
has changed again to provide a rich source of ret-
rospective data that can provide an accurate pic-
ture of the evolution of the care of children with 
congenital cardiac disease.      
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     Appendix 18.1: Diagnostic Codes 
of Atrial Septal Defect 

 1,3,1  Atrial septal defect 
 1,3,1,0  Atrial septal defect (unspecifi ed type) 
 1,3,1,0,1  Atrial septal defect + LT-RT shunt 
 1,3,1,0,2  Atrial septal defect + RT-LT shunt 
 1,3,1,0,3  Atrial septal defect + bidirectional shunt 
 1,3,1,1  Patent foramen ovale 
 1,3,1,1,1  Patent foramen ovale + LT-RT shunt 
 1,3,1,1,2  Patent foramen ovale + RT-LT shunt 
 1,3,1,1,3  Patent foramen ovale + bidirectional shunt 
 1,3,1,2  Secundum atrial septal defect 
 1,3,1,2,1  Secundum atrial septal defect + LT-RT 

shunt 
 1,3,1,2,2  Secundum atrial septal defect + RT-LT 

shunt 
 1,3,1,2,3  Secundum atrial septal 

defect + bidirectional shunt 
 1,3,1,3  Sinus venosus atrial septal defect 
 1,3,1,3,1  Sinus venosus atrial septal defect + LT-RT 

shunt 
 1,3,1,3,2  Sinus venosus atrial septal Defect + RT-LT 

shunt 
 1,3,1,3,3  Sinus venosus atrial septal 

defect + bidirectional shunt 
 1,3,1,4  Raghib atrial septal defect (coronary sinus 

ASD) 
 1,3,1,4,1  Raghib atrial septal defect + LT-RT shunt 
 1,3,1,4,2  Raghib atrial septal defect + RT-LT shunt 
 1,3,1,4,3  Raghib atrial septal defect + bidirectional 

shunt 
 1,3,1,5  Inferior vena caval type atrial septal defect 
 1,3,1,5,1  Inferior vena caval type atrial septal 

defect + LT-RT shunt 
 1,3,1,5,2  Inferior vena caval type atrial septal 

defect + RT-LT shunt 
 1,3,1,5,3  Inferior vena caval type atrial septal 

defect + bidirectional shunt 
 1,3,1,6  Common atrium 
 1,3,1,7  Created atrial septal defects 
 1,3,1,7,1  Rashkind balloon septostomy 
 1,3,1,7,2  Blalock-Hanlon closed atrial septectomy 
 1,3,1,7,3  Open atrial septectomy 
 1,3,1,7,5  Transcatheter closure of ASD 
 1,3,1,7,6  Stent open ASD/atrial baffl e 
 1,3,1,7,9  Dislodged ASD device 
 1,3,1,8  Fossa ovalis 
 1,3,1,8,1  Excision of aneurysm of fossa ovalis 
 1,3,1,9  Closure of adjustable ASD 

        Appendix 18.2: Surgical Codes 
of Atrial Septal Defect 

 1,3,1  Atrial septum surgery 
 1,3,1,0  Atrial septal defect closure 
 1,3,1,0,1  Atrial septal defect suture closure 
 1,3,1,0,2  Atrial septal defect patch closure 
 1,3,1,1  Patent forman ovale closure 
 1,3,1,1,1  Patent forman ovale suture closure 
 1,3,1,1,2  Patent forman ovale patch closure 
 1,3,1,2  Secundum atrial septal defect closure 
 1,3,1,2,1  Secundum atrial septal defect suture 

closure 
 1,3,1,2,2  Secundum atrial septal defect patch closure 
 1,3,1,3  Sinus venosus atrial septal defect closure 
 1,3,1,3,1  Sinus venosus atrial septal defect suture 

closure 
 1,3,1,3,2  Sinus venosus atrial septal defect patch 

closure 
 1,3,1,4  Raghib atrial septal defect closure 
 1,3,1,4,1  Raghib atrial septal defect suture closure 
 1,3,1,4,2  Raghib atrial septal defect patch closure 
 1,3,1,5  IVC type atrial septal defect closure 
 1,3,1,5,1  IVC type atrial septal defect suture closure 
 1,3,1,5,2  IVC type atrial septal defect patch closure 
 1,3,1,6  Common atrium closure 
 1,3,1,7  Creation of atrial septal defect 
 1,3,1,7,1  Rashkind balloon atrial septostomy 
 1,3,1,7,2  Blalock-Hanlon closed atrial septectomy 
 1,3,1,7,3  Open atrial septectomy 
 1,3,1,8  Create atrial septum (partition atrium) 
 1,3,1,8,1  Excision of aneurysm of fossa ovalis 
 1,3,1,9  Closure of adjustable ASD 

        Appendix 18.3: Qualifying Codes 

 1. Redo 
 2. Secondary procedure 
 3. Staged 
 4. Palliative 
 5. Corrective 
 6. Takedown 
 I Interventional cath procedure 
 PO postop diagnosis 
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    Abstract  

  This review details the major database efforts in the fi eld of congenital 
cardiac catheterization. Four database projects have been developed that 
relate to cardiac catheterization procedures in adult and pediatric patients 
with congenital heart disease. The IMPACT Registry TM  (IMproving 
Pediatric and Adult Congenital Treatment) of the National Cardiovascular 
Data Registry of The American College of Cardiology Foundation, the 
Congenital Cardiac Catheterization Project on Outcomes (C3PO), the 
Congenital Cardiovascular Interventional Study Consortium (CCISC), 
and the Mid-Atlantic Group of Interventional Cardiology (MAGIC) 
Catheterization Outcomes Project represent the future of evidence based 
practice in congenital cardiac catheterization, and demonstrate the prog-
ress in collecting accurate information to defi ne clinical outcomes and 
promote quality improvement.  
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     The fi eld of pediatric cardiology has seen 
 tremendous therapeutic advancement in the last 
40 years both in the scope of surgical interven-
tion as well as catheter based intervention. Some 
of the greatest developments in the care of 
patients with congenital heart disease have 
occurred in the fi eld of diagnostic and interven-
tional cardiac catheterization. Cardiac catheter-
ization was predominantly a diagnostic procedure 
in previous eras but now approximately 2/3 of all 
catheterization procedures performed on patients 
with congenital heart disease is interventional in 
nature. With this evolution, the evaluation of clin-
ical effi cacy, outcomes, and adverse events has 
been made primarily through prospective clinical 
trials, retrospective reviews, case reports and 
expert consensus opinion. These experiences 
have been limited by the heterogeneity of the 
patient population as well as the small patient 
numbers involved. In order to develop better 
evidence- based approaches to diagnostic and 
interventional catheterization procedures, the last 
10 years have seen signifi cant development of 
multi- center database registry projects to specifi -
cally defi ne adverse event rates, develop risk 
stratifi cation methodologies and to assess proce-
dural effi cacy of specifi c interventions. 

 Since 2003, four database projects have been 
developed that relate to cardiac catheterization 
procedures in adult and pediatric patients with 
congenital heart disease. The IMPACT Registry TM  
(IMproving Pediatric and Adult Congenital 
Treatment) of the National Cardiovascular Data 
Registry of The American College of Cardiology 
Foundation, the Congenital Cardiac 
Catheterization Project on Outcomes (C3PO), 
the Congenital Cardiovascular Interventional 
Study Consortium (CCISC), and the Mid- 
Atlantic Group of Interventional Cardiology 
(MAGIC) Catheterization Outcomes Project rep-
resent the future of evidence-based practice in 
the fi eld of interventional pediatric cardiology. 

Each project has taken a different approach to 
database design, site inclusion, data collection 
methods, and data analysis, yet together they 
begin to describe the current practice in congeni-
tal cardiac catheterization laboratories across the 
clinical community. 

    IMPACT Registry TM  (IMproving 
Pediatric and Adult Congenital 
Treatment) 

    Overview 

 The IMPACT Registry (IMproving Pediatric and 
Adult Congenital Treatment) is a project of the 
National Cardiovascular Data Registry (NCDR) 
of the American College of Cardiology 
Foundation. In 2007, two NCDR committees 
were formed with the task of developing a 
national data registry to evaluate and improve 
quality for diagnostic and interventional cardiac 
catheterization procedures on adult and pediatric 
patients with congenital heart disease, a Steering 
Committee and a Data Workgroup. The Steering 
Committee established the goals and strategic 
direction of the registry, while the Data 
Workgroup set out to develop the specifi c data 
elements to be collected and the quality metrics 
to be analyzed. Committee members represented 
multiple professional organizations including the 
American College of Cardiology, the Society for 
Cardiovascular Angiography and Interventions, 
the Society of Thoracic Surgeons (STS), the 
American Academy of Pediatrics, and the US 
Food and Drug Administration. The dataset has 
been harmonized with the STS surgical database, 
to facilitate the future collection of longitudinal 
data to better understand outcomes of both surgi-
cal and catheter based procedures [ 1 ]. 

 As designed, the IMPACT Registry collects a 
limited dataset on all catheterization procedures 
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performed that include pre-procedural patient 
details, procedural details and major intra and 
post-procedural adverse events. A more detailed 
dataset is then collected on six specifi c interven-
tional procedures that include ASD device clo-
sure, PDA closure, pulmonary and aortic 
valvuloplasty, proximal pulmonary artery stent-
ing, and balloon/stent angioplasty for coarctation 
of the aorta. These data elements inform the pri-
mary outcome metrics of the registry [ 2 ]. The 
database went live with seven sites enrolled in 
2010, and by the second quarter of 2013 had 83 
sites with more than 25,000 patient records 
entered into the database.  

    Data Collection and Reporting 

 NCDR developed a web-based tool that sites uti-
lize for data entry, or as an alternative, sites can 
purchase NCDR approved software from third 
party vendors to facilitate automated data entry. 
The IMPACT web-tool utilizes password pro-
tected, encrypted technology to insure the safety 
of patient data. Sites have the option of exclud-
ing all direct patient identifi ers from the quar-
terly data upload. The procedural data is entered 
by the primary operator or a designee for all 
catheterization procedures at that institution. As 
each case is entered, a quality check is performed 
that insures that data is valid and within accept-
able ranges. Data from each site is uploaded to 
the full registry database on a quarterly basis, at 
which time a more thorough data quality check 
(data quality review or DQR) is performed to 
assess data completeness. Data elements have 

been  designated as core or supporting. Core ele-
ments feed into the quality metrics, and require a 
higher data completeness threshold than sup-
porting elements. Quarterly data is then given a 
red, yellow or green designation whereby red 
data has failed the DQR and will not be included 
in the database. Yellow data has met certain com-
pleteness criteria to be included in the database, 
but is still missing key data elements and is not 
included in the national quality metric bench-
marks. Green data is deemed complete, and is 
included in the national database and all data 
reports. Sites receive a quarterly Outcomes 
Report that summarizes the site’s individual per-
formance and compares them to the entire 
IMPACT Registry population. Comparison anal-
ysis and reporting of major adverse events is per-
formed for all cases, and specifi c outcome 
metrics are reported for the six specifi c interven-
tional procedures. On-site audits are also con-
ducted to verify the accuracy and completeness 
of data entered into IMPACT as compared to the 
given patient’s medical record. 

 Quarterly outcomes reports are distributed, 
with reporting of site specifi c quality metrics. 
Metrics are reported with a “box and whisker” 
plot (Fig.  19.1 ), a visual tool that allows easy 
comparison of site specifi c outcomes to percen-
tile scores based on the national aggregate data. 
The data presented includes rates of major 
adverse event or death for diagnostic procedures, 
sub-grouped by patient age, as well as the quality 
metrics for the six interventional procedures. 
These include residual gradients, post interven-
tion valve insuffi ciency, residual shunts and rates 
of device embolization.

  Fig. 19.1    Box and whisker plot – This plot is an example 
of the outcome metric reporting for a single hospital site for 
coarctation balloon angioplasty. The  arrow  denotes the site 
specifi c quality metric result, while the national percentiles 

are arrayed on the horizontal axis. This site obtained a post 
angioplasty peak systolic gradient <10 mmHg in 80 % of 
their procedures (Reprinted with permission from the 
National Cardiovascular Data Registry)       
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       Data 

 Analysis of the fi rst seven quarters of the IMPACT 
database (January 2011 – September 2012) saw a 
signifi cant increase in site enrollment, from 12 
sites in Q1-2011 to 70 sites in Q4-2012. There 
were over 12,000 cath lab visits that achieved 
either green or yellow status in the DQR by 
September 2012. Of these, 32.8 % were purely 
diagnostic and 67.2 % included an intervention. 
Figure  19.2  shows the proportion of diagnostic 
and interventional cath procedures by patient age 
at the time of the procedure.

   The overall rate of major adverse event (MAE) 
or death during a diagnostic catheterization was 

4.4 %. MAE includes: cardiac arrest, tamponade 
requiring drainage, arrhythmia requiring inter-
vention, air embolus, embolic stroke, pacemaker 
implantation, unplanned cardiac surgery (due to a 
cath complication) and death. Rates of MAE 
were highest in the youngest patients, and fell 
with increased patient age [ 3 ]. The IMPACT 
Registry does not attribute cause with the adverse 
event or death, except in the case of an unplanned 
cardiac surgery due to a cath complication. 
Therefore, the reported events are not necessarily 
related to the catheterization procedure. Adverse 
events or death that occur within the requisite 
time frame after the catheterization procedure are 
included and reported, as seen in Fig.  19.3 .

  Fig. 19.2    Cath lab 
procedure type and patient 
age (Reprinted with 
permission from et al. [ 3 ])       

  Fig. 19.3    Rates of major 
adverse event or death by 
patient age (Reprinted with 
permission from Vincent 
et al. [ 3 ])       
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       Future Directions 

 Database development requires constant analysis 
and assessment of the data elements themselves, 
in order to tailor the dataset to the desired out-
come measures. During the fi rst eight quarters, 
there has been an ongoing effort by the Steering 
Committee and NCDR staff to identify data ele-
ments in need of revision in anticipation of 
IMPACT version 2.0. Furthermore, version 2.0 
will see the inclusion of two new interventional 
modules; MAP-IT ( M ulticenter Pediatric and 
 A dult Congenital E P  Qual it y), a module to assess 
electrophysiologic procedures in the pediatric 
and adult congenital patient population and a 
module to assess Transcatheter Pulmonary Valve 
implantation in the same patient population. 
Work is also ongoing to include a risk stratifi ca-
tion methodology such as the CHARM 
(Congenital Heart Disease Adjustment for Risk 
Method) model derived from the C3PO database 
project. This will facilitate a more comprehen-
sive and accurate comparison of adverse event 
rates across institutions and individual physician 
operators. In the longer term, there is an effort to 
harmonize the IMPACT database with other 
national databases such as the Congenital Heart 
Surgery Database of the Society of Thoracic 
Surgeons and the Pediatric Cardiac Care 
Consortium Database. Efforts have been made to 
harmonize the database standards used in 
IMPACT with the database standards used by the 
Society of Thoracic Surgeons (STS) Congenital 
Heart Surgery Database and the European 
Association for Cardio-Thoracic Surgery 
(EACTS) Congenital Heart Surgery Database. 
Part of this harmonization is the use of a common 
nomenclature in all of these databases: the 
International Pediatric and Congenital Cardiac 
Code (IPCCC). IMPACT uses the interventional 
cardiology component of IPCCC, and the several 
members of the leadership of IMPACT were 
instrumental in developing the interventional car-
diology component of IPCCC [ 4 ,  5 ]. The use of 
common nomenclature (the IPCCC) and com-
mon database standards in IMPACT and the STS 
Congenital Heart Surgery Database will facilitate 

the linking of these 2 datasets to answer  questions 
that neither dataset would be able to answer inde-
pendently. To fully realize the potential of the 
IMPACT database, the inclusion of longitudinal 
follow-up patient data will also be critically 
important, and is a long-term goal of the project.   

    Congenital Cardiac Catheterization 
Project on Outcomes (C3PO) 

    Overview 

 The Congenital Cardiac Catheterization Project 
on Outcomes (C3PO) is an ongoing, multi-center 
registry that began prospectively collecting data 
from 8 participating centers in 2007. The goals of 
the C3PO collaborative group included the devel-
opment of methods to assess and compare out-
comes, while exploring measures of procedural 
effi cacy. Utilizing an investigative dataset, col-
lected in the registry between 2007 and 2010, the 
C3PO project yielded baseline rates for adverse 
events, defi ned procedure type risk categories, 
and identifi ed indicators of hemodynamic vulner-
ability [ 6 ,  7 ]. This data was then used to develop 
a risk adjustment model, now known as CHARM 
(Congenital Heart Disease Adjustment for Risk 
Method), which made the equitable comparison 
of adverse event rates among institutions possible 
[ 6 ]. This metric received full endorsement from 
the National Quality Forum (NQF) in 2012 as a 
pediatric quality measure. In early 2013 the 
C3PO collaboration began a new phase of prog-
ress Congenital Cardiac Catheterization Project 
on Outcomes – Quality Improvement (C3PO-QI), 
and expanded their participation to 15 institu-
tions. The C3PO-QI group is working to move 
beyond benchmarking and towards improving 
patient care practices through various quality 
improvement initiatives.  

    C3PO Data Collection and Reporting 

 A web-based application for data entry was 
 created specifi cally for the C3PO project using 
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Microsoft Visual Studio NET tools (Microsoft, 
Redmond, Washington, USA). All data entry 
was securely protected by secure sockets layer 
(SSL) encryption and role-based security param-
eters were built-in to prevent unauthorized 
access to data. Data entry occurred at the time of 
the catheterization procedure and was completed 
by the physician performing the procedure or a 
designee. Patient and procedural variables as 
well as the occurrence of adverse events were 
recorded on all cases performed at the 
institution. 

 To validate the data entered, the sponsor pro-
vided monthly exception reports to highlight 
missing data fi elds or data that was out of range 
requiring validation. Additionally, the sponsor 
provided all participating sites a list of all cases 
that were entered in to the database to verify 
against their institutional records. To prevent 
coding variations, all adverse events (AEs) were 
reviewed by the principal investigator and a des-
ignee for proper defi nition of the seriousness and 
preventability of the episode. After 15 months of 
data collection, an independent audit was con-
ducted at each site by the sponsor. A random 
sample of 10 % of the sites cases were reviewed 
for accuracy and completeness by comparing 
information entered in to the database to infor-
mation in the medical records.  

    C3PO Development of Outcome 
Assessment Tools 

    Procedure-Type Risk Categories 
 A prior single center retrospective study catego-
rized procedure types by anticipated similar risk 
of AE occurrence, according to expert opinion, 
utilizing consensus methodology. Although this 
worked well, the C3PO group worked to further 
defi ne the procedure-type risk categories by 
employing both consensus and empirical meth-
odologies to the investigative dataset (2007–
2010) to improve the generalizability of the data. 
The cases were parsed into the appropriate risk 
categories (1–6) as defi ned by Bergersen et al. 
[ 8 ], and in July 2009 the C3PO group collabo-
rated to further empirically defi ne the categories. 

The outcome of the analysis done by the group 
was the creation of four procedure risk 
categories.  

    Hemodynamic Vulnerability 
 The previous single-center analysis provided a 
correlation between supposed hemodynamic 
indicators and the occurrence of adverse events 
through the use of subjective defi nitions and not 
data models. The C3PO group assessed eight 
separate hemodynamic variables for inclusion in 
the fi nal risk method: cardiac index, right ven-
tricular (RV) systolic pressure, RV to systemic 
pressure ratio, systemic ventricle end-diastolic- 
pressure, mixed venous saturation, systemic arte-
rial saturation, main pulmonary artery systemic 
pressure, and main pulmonary artery mean pres-
sure. Multivariable modeling produced four 
indicators of hemodynamic vulnerability inde-
pendently related to the occurrence of high 
severity AEs: systemic ventricular end-diastolic 
pressure ≥18 mmHg, systemic arterial saturation 
<95 % (or <78 % if single ventricle (SV)), mixed 
venous saturation <60 % (or <50 % if SV), and 
pulmonary artery systolic pressure ≥45 mmHg 
(or mean ≥17 if SV).  

    CHARM 
 The fi nal CHARM model developed by the C3PO 
group combined the patient and procedural char-
acteristics that correlated to the occurrence of 
AEs: procedure-type risk category, number of 
hemodynamic indicators, and age <1 year. Using 
the CHARM methodology, institutions can com-
pute the predicted probability of an AE for all 
cases at their institution. The sum of all predicted 
probabilities gives the expected number of AE 
occurrences, taking in to consideration the case 
mix within the data set. 

 To make a comparison between institutions or 
physicians at one institution, the standardized 
adverse event ratio (SAER) must be calculated. 
To compute the SAER the observed AE rate 
(number of level 3/4/5 AEs in the dataset divided 
by total number of cases) is divided by the 
expected AE rate (expected number of AE occur-
rences divided by total number of cases) 
(Fig.  19.4 ).
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       Effi cacy and Outcome Assessment 
 In addition to the creation of the CHARM 
method, the C3PO investigative dataset also 
yielded measures of procedural effi cacy in popu-
lation subsets. PA rehabilitation was found to be 
associated with a 10 % incidence of high-level 
severity AE [ 9 ]. Hemodynamic vulnerability, 
young age, use of cutting balloons, and lower 
operator experience were signifi cant independent 
risk factors for procedure-related AE [ 4 ]. Hybrid 
procedures were among the interventions investi-
gated and were found to have a low incidence of 
major AE occurrence [ 10 ]. Procedural success is 
common and AEs, especially higher severity 
AEs, are rare for balloon pulmonary valvulo-
plasty in patients with isolated pulmonary valve 
stenosis [ 11 ]. Cardiac catheterizations involving 
endomyocardial biopsies can be performed in 
pediatric heart transplant recipients with a low 
AE rate and high diagnostic yield [ 12 ].   

    Future Directions 

 The next phase for C3PO is to move beyond defi -
nition toward quality improvement (QI)  initiatives 

aimed at improving the outcomes for all patients 
undergoing catheterization with congenital heart 
disease. The group will be expanding participa-
tion to include 15 sites and will begin prospec-
tively collecting data in May of 2013. For this 
new venture, the previously established web 
based tool has been redesigned utilizing 
Microsoft ©  Silverlight (Microsoft, Redmond, 
Washington, USA) technology and features 
improved speed, functionality, and updated 
nomenclature. Institutional data will be available 
in comparison to other participating C3PO-QI 
sites in aggregate including procedure counts, 
limited patient and procedural characteristics, 
and outcomes such as highest severity adverse 
events and transfusion rates. Quality reports will 
include outcome metrics such as risk adjusted 
adverse event ratios using CHARM. A time 
series analysis will allow sites to track perfor-
mance over time by physician and institution in 
comparison to other sites in aggregate. To portray 
data in a fashion that is quickly responsive to sys-
tem improvements, control charts will be created, 
and for uncommon adverse events, time and/or 
number of cases between specifi c adverse events 
will be reported. 

 The initial goal of the new C3PO-QI collabo-
ration is to reduce radiation exposure in pediatric 
cardiac catheterization interventions. To work 
towards this reduction, established QI scientifi c 
methodology will be utilized. Initially, a key 
driver diagram, a common QI design tool which 
summarizes the key factors thought to have a 
potential impact on our goal, and strategies or 
changes for improvement will be created. 
Subsequently, PDSA methodology will be 
employed, which involves (1) proposing changes 
based on hunches and theories (Plan), (2) imple-
menting the change (Do), (3) measuring or 
describing the effect (Study), and (4) reviewing 
and upgrading the process based on what is 
learned (Act). Participating physicians will 
receive Maintenance of Certifi cation credit from 
the American Board of Pediatrics for these 
activities. 

 In addition to radiation reduction, the 
C3PO-QI group will also look at effi cacy out-
comes for six specifi c lesion types: pulmonary 

  Fig. 19.4    Standardized adverse event ratio (SAER) by 
institution is shown with bars representing the 95 % con-
fi dence interval for each of the eight participating institu-
tions. SAER was calculated by dividing the observed AE 
rate by the expected for all cases performed at the institu-
tion. Institutions C and G had lower AE rates than would 
be expected given their case mix, whereas institution E 
had a higher rate than would be expected (Reprinted from 
Bergersen et al. [ 6 ], copyright 2011, with permission from 
Elsevier.)       
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stenosis, aortic stenosis, coarctation of the aorta, 
atrial septal defect, patent ductus arteriosus, and 
transcatheter pulmonary valve placement.   

    Congenital Cardiovascular 
Interventional Study Consortium 

    Overview 

 The Congenital Cardiovascular Interventional 
Study Consortium (CCISC) was started in 2004 by 
a multi-center group of pediatric cardiologists seek-
ing answers to specifi c questions encountered in the 
practice of pediatric interventional cardiology. 

 The fi rst project related to treatment of coarc-
tation of the aorta in children greater than 4 years 
of age, comparing surgery vs. balloon angio-
plasty vs. stent treatment to compare outcomes 
and rates of complications in order to determine 
the optimal treatment choice [ 13 ,  14 ]. The sec-
ond project compared the outcomes of two meth-
ods used to augment pulmonary blood fl ow; 
stenting the patent ductus arteriosus versus surgi-
cal creation of a modifi ed Blalock-Taussig shunt. 
The third project, as discussed here, set out to 
develop a method of risk stratifi cation for pediat-
ric cardiac interventions. The focus of this proj-
ect is twofold: fi rst, to develop a pre-catheterization 
risk score in an attempt to quantify a particular 
patient’s risk of encountering a signifi cant 
adverse event (SAE) in the catheterization lab, 
while the second purpose is to use the risk score 
to decrease the overall SAE rates in the catheter-
ization lab, particularly in high risk patients, 
through development of best practice models. 
This registry was started in January 2008 and 
currently has over 16,000 patients enrolled from 
23 participating institutions. This is a worldwide 
registry with the majority of sites coming from 
the United States (n = 15) followed by South 
America (n = 5) and Western Europe (n = 3).  

    Data Collection and Reporting 

 Each patient who presents to the pediatric car-
diac catheterization lab for a diagnostic or 

 interventional procedure is entered into the study. 
Data for each procedure is manually entered at 
each participating site into a web-based data col-
lection tool by the primary operator or a desig-
nee. SAEs that occur within 30 days of the 
catheterization procedure are entered into the 
database (Table  19.1 ). Though every patient 
undergoing a cardiac catheterization is entered 
into the CRISP (Catheterization RISk in 
Pediatrics) registry, only SAE’s are considered 
for analysis. Therefore, hematomas, transient, 
non-life threatening arrhythmias which didn’t 
require an intervention, or unexpected intubation 
during the catheterization procedure, are not con-
sidered an SAE and therefore are not entered into 
the registry. By defi nition, an event is considered 
signifi cant if it: causes a potentially life-threaten-
ing event, results in a prolonged length of stay, or 
requires further intervention.

   Data verifi cation and validation is performed 
monthly. Quarterly audits are performed by the 
coordinating center, and include reviews of 20 % 
of patient charts to assure completeness and 
data accuracy. Normal value ranges are pre- 
programmed within the database, and alert the 
data entry designee of potentially unexpected or 
incongruent data entry points.  

    Methodology 

 Using the fi rst 15,000 patients entered into the 
registry, a risk stratifi cation score was developed 
in January 2013. Multiple patient demographic, 
physiologic and procedural parameters were 
evaluated, and a risk score developed by expert 
consensus along with a review of the current lit-
erature. This was then further analyzed with 
logistic regression analysis to tailor and develop 
a more predictive scoring system, and to elimi-
nate variables that were not strongly predictive. 
Through multi-variate analysis, parameters 
which were signifi cant in predicting SAEs were: 
patient weight, pre-catheterization diagnosis, 
physiologic parameters, the requirement of ino-
tropic support prior to the catheterization proce-
dure, and procedure type. Using these parameters, 
a 9-point risk score was generated, categorizing 
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the patients into low, moderate, or severe risks in 
encountering a SAE during the catheterization 
procedure. Modifi ed funnel plots using volume 
adjusted standard errors of the overall mean are 
then created to give a brief overview to the 
 institutions as to how they compare to other par-
ticipating institutions relative to their risk score 
(Fig.  19.5 ).

   The data is further broken down into specifi c 
parameters, for example, patient weight, patient 
pre-catheterization status, procedure type, both 
between institutions and within an institution 
(specifi cally evaluating the results of each inter-
ventionalist within that institution) to see if 
“clustering” of SAE’s is present. Of note, though 
radiation dose is not considered a SAE, it is also 

being collected and currently subject to 
analysis.  

    Future Directions 

 Comprehensive process and outcomes failures 
that lead to harm must be analyzed using a vari-
ety of methods that may include Root Cause 
Analysis, Failure Mode and effect Analysis and 
Work Domain analysis [ 15 ]. The data and lessons 
should be regularly analyzed every 6 months to 
verify if a reduction in patient harm and adverse 
events has been achieved. The two primary areas 
of focus are decreasing radiation dose and 
decreasing overall SAE rates in children 
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  Fig. 19.5    Serious adverse 
events (SAE) modifi ed 
funnel plot – Institutions are 
on the x-axis, with lower 
volume centers to the left 
and higher volume centers to 
the right. The mean event 
rate is represented by the 
dashed line and the 95 % 
confi dence intervals by the 
solid lines. ( a ) Plots the SAE 
rate for the low risk group of 
patients. ( b ) Plots the SAE 
rate for the severe risk group 
of patients. Note the 
signifi cantly higher SAE 
rates in the high risk group. 
Confi dence intervals are 
wider towards the left as the 
institutional volume 
decreases (Reprinted with 
permission from the 
Congenital Cardiovascular 
Interventional Study 
Consortium)       
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<18 years of age. Collection of baseline data was 
completed in April 2013 with implantation of  an 
RCA scheduled for May 2013. 

 The American Board of Pediatrics has granted 
maintenance certifi cation (Maintenance of 
Certifi cation or MOC) Part IV credit for partici-
pation in the RISK registry. The goal is to look 
specifi cally at decreasing the overall SAE rate 
and radiation dosage currently used in the cathe-
terization laboratory.   

    The Mid-Atlantic Group 
of Interventional Cardiology 
(MAGIC) Catheterization Outcomes 
Project 

    Overview 

 The Mid-Atlantic Group of Interventional 
Cardiology (MAGIC) Catheterization Outcomes 
Project began in 2003, with the goal of developing 
a multi-center data registry that utilized auto-
mated data entry to facilitate the collection of data 
associated with cardiac catheterization in congen-
ital heart disease. The registry grew to include 16 
sites (15 in the US and one in Belgium) and col-
lected data on eight catheter based procedures 
(device closure of atrial septal defect (ASD), ven-
trical septal defect (VSD), patent foramen ovale 
(PFO) and patent ductus arteriosus (PDA), pul-
monary valvuloplasty, balloon angioplasty of aor-
tic coarctation, stent angioplasty of aortic 
coarctation and pulmonary hypertension) to 
investigate short-term outcomes, procedural com-
plications and to track long-term follow-up [ 16 ].  

    Data Collection and Reporting 

 As data collection is a labor intensive process, 
MAGIC utilized commercially available pediatric 
catheterization reporting software, PedCath™ 
(Scientifi c Software Solution, Charlottesville, VA), 
to automatically upload data from the individual 
sites to the central data warehouse. The project 
developers worked with representatives from the 
company to tailor the software to the needs of the 

database. This included the addition of new 
 supplemental data fi elds and unique study 
 identifi ers. Once the data has been completely 
entered into PedCath™, a de-identifi ed dataset is 
then uploaded via FTP (fi le transfer protocol) to the 
central, secure database [ 16 ]. Aggregate data is then 
shared with the participating sites on a weekly basis.  

    Results 

    Atrial Septal Device Closure 
 The MAGIC registry allowed for the fi rst time the 
sampling and evaluation of the use of percutane-
ous therapeutic devices within the community set-
ting after device Food and Drug Administration 
(FDA) approval. In 2009, MAGIC reported the 
fi rst multicenter results of the ASD closure arm of 
the database after FDA approval of the Amplazter 
atrial septal occluder [ 17 ]. Data on 478 patients 
were submitted to the database and analyzed for 
the report. Of these patients, 20 did not undergo 
device implantation, most commonly due to 
insuffi cient rims. In those patients who underwent 
successful device closure, only two had a moder-
ate sized residual shunt at 24 h. There was a 6 % 
rate of MAE, which included device embolization 
requiring surgical removal, intracardiac throm-
bus, and vascular injury. Minor adverse events 
occurred 4.8 % of the time and included device 
embolization requiring percutaneous removal, 
arrhythmia, pericardial effusion, fever, drug reac-
tion, and access site hematoma. There were no 
deaths in the study population. This paper illus-
trated the change in practice with introduction of 
a new non-surgical percutaneous device option. 
For example a benchmark of the assessment of 
suitability for surgical ASD closure was determi-
nation of the left to right shunt fraction. This 
assessment was largely abandoned for ASD clo-
sure, replaced instead by echo determination of 
ASD size and right heart dilation. Twenty-nine 
percent of cases had a Qp/Qs ratio of <1.49, which 
in the surgical era would generally have not been 
recommended for closure. Device closure was 
also extended to smaller children than the 10 kg 
cut off in the FDA pivotal trial with 6 % of cases 
<8 kg (Table  19.2 ).
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        Patent Ductus Arteriosus 
Device Closure 

 As there are no guidelines for patent ductus 
arteriosus (PDA) device closure and multiple 
devices became available after FDA approval 
of the Amplatzer ductal occluder (ADO), in 
2010 the MAGIC group published the results 
of 357 PDA device closures from 12 US cen-
ters comparing 3 devices, ADO, Gianturco 
coils (GTC) and Flipper Coils [ 18 ]. Of the 
cases, 82 % were less than 3 mm in diameter. 
In this sub-group only the ADO (n = 117) and 
GTC (n = 160) were utilized allowing a direct 
comparison of effi cacy. Although both devices 
demonstrated equivalent effi cacy at PDA clo-
sure in the catheterization laboratory, the ADO 
had a signifi cantly longer fl uoroscopy time, 

contrast volume and signifi cantly greater cost 
(Table  19.3 ).

       Pulmonary Hypertension 

 The only non-intervention cohort studied by 
MAGIC investigators was the catheterization 
evaluation of children with pulmonary hyperten-
sion. As this is such a rare group, a collaborative 
registry like MAGIC with facilitated data entry 
was ideal. In 2010 the MAGIC group published 
the aggregate results of 177 patients evaluated 
for pulmonary hypertension [ 19 ]. The most com-
mon pulmonary hypertension groups were 
 pulmonary arterial hypertension associated with 
congenital heart disease (APAH-CHD) (34 %), 
idiopathic pulmonary arterial hypertension 

   Table 19.2    Adverse events in the Multicenter MAGIC atrial septal defect (ASD) study, 2004–2007 (n = 454) a    

 All cases 
(N = 454) 

 Simple ASD 
(n = 405) b  

 Complex ASD 
(n = 51)  <8 kg (n = 27) 

 Pulmonary 
hypertension (n = 26) c  

 Total  27 (6.0 %)  23 (5.7 %)  4 (7.8 %)  2 (7.4 %)  1 (3.9 %) 
 Major adverse events 
(total) 

 5 (1.1 %)  4 (1.0 %)  1 (2.0 %)  –  1 (3.9 %) 

 Device embolization with 
surgical removal 

 3 (0.7 %)  3 (0.7 %)  –  –  – 

 Intracardiac thrombus  1 (0.2 %)  1 (0.2 %)  –  –  – 
 Access vessel pseudo- 
aneurysm, requiring 
Treatment 

 1 (0.2 %)  –  1 (2.0 %)  –  1 (3.9 %) 

 Minor adverse events 
(total) 

 22 (4.8 %)  19 (4.7 %)  3 (5.9 %)  2 (7.4 %)  – 

 Cardiac arrhythmia 
resolving spontaneously 

 8 (1.8 %)  7 (1.7 %)  1 (2.0 %)  2 (7.4 %)  – 

 Cardiac arrhythmia 
requiring treatment 

 3 (0.7 %)  3 (0.7 %)  –  –  – 

 Device embolization with 
percutaneous removal 

 5 (1.1 %)  3 (0.7 %)  2 (3.9 %)  –  – 

 Drug reaction requiring 
treatment 

 2 (0.4 %)  2 (0.5 %)  –  –  – 

 Acidosis, treated  1 (0.2 %)  1 (0.2 %)  –  –  – 
 Fever  1 (0.2 %)  1 (0.2 %)  –  –  – 
 Small pericardial effusion  1 (0.2 %)  1 (0.2 %)  –  –  – 
 Hematoma at access site  1 (0.2 %)  1 (0.2 %)  –  –  – 

  Reprinted with permission from Everett et al. [ 17 ] 
  a Excludes missing complication information (n = 24) 
  b Includes multiple ASDs and patients with a weight ≤9 kg 
  c Pulmonary hypertension: Wood units >7 and/or Rp/Rs ratio ≥0.27. All had a PA mean pressure >25 mmHg  
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(IPAH) (20 %) and bronchopulmonary dysplasia 
(BPD) related (14 %). There were no deaths 
reported and adverse events were low (3.9 %). 
IPAH patients appeared to be more reactive to 
vasodilators compared to reported adult data and 
majority had a PAP > 50 % systemic illustrating 
that PAH in children is different than adults and 
thus applying adult treatment, classifi cation and 
outcome strategies to children would be fl awed 
(Table   19.4  ).

       Future Directions 

 With the development of other databases, MAGIC 
investigators are only actively enrolling pulmo-
nary hypertension patients into MAGIC. The 
focus has shifted to collecting follow up data on 
the over 3,000 cases currently in the database. 
Reports in progress are on the long the term fol-
low up of children <8 kg with ASD device clo-
sure and the predictability of catheterization 

   Table 19.3    Procedural outcomes with device closure of PDA ≤3 mm   

 Gianturco  Amplatzer duct occluder 

 No. of cases  160  117 
 Fluoroscopy time (minutes, mean + SD)  8.6 ± 7.3  12.4 ± 6.4   P  = 0.00001 
 Contrast volume (cm 3  kg −1 , mean + SD)  2.6 ± 1.3  3.5 ± 1.7   P  = 0.00001 
 None-to-trivial postresidual shunt by 
angiography 

 157/159 (98.7 %)  112/117 (95.7 %)   P  = 0.14 

 Complications  5/160 (3.1 %)  3/117 (2.6 %)   P  = 0.54 

  Reprinted with permission from Brunetti et al. [ 18 ] 
 Comparison of Gianturco coils and the Amplatzer duct occluder from the MAGIC Outcomes Project  

   Table 19.4    A summary of baseline hemodynamics in patients with pulmonary hypertension   

 Diagnosis  N (%)  Age (year) 
 Mean PAP 
(mmHg) 

 Systolic PAP (% 
systemic)  PVRI (WU/m 2 )  Rp: Rs 

 CHD related  61 (34)  0.8 
(0.3–2.5) 

 34.0 (26–46)  67.4 (57–92)  4.7 (3.5–7.6)  0.4 
(0.3–0.5) 

 Idiopathic  36 (20)  4.0 
(0.9–11.8) 

 50.0 (35–67)  87.0 (66–105)  12.0 (6.3–18.9)  0.7 
(0.5–1.0) 

 BPD related  24 (14)  0.8 
(0.5–1.3) 

 33.0 (28–39)  61.9 (50–74)  6.3 (5.0–8.8)  0.4 
(0.3–0.6) 

 Persistent PH of 
newborn 

 5 (3)  0.1 
(0.1–0.1) 

 25.0 (18–52)  82.5 (54–108)  4.2 (1.0–4.9)  0.4 
(0.2–0.5) 

 CDH related  8 (4)  1.8 
(1.0–4.8) 

 28.0 (27–36)  56.0 (41–68)  5.9 (5.1–6.4)  0.4 
(0.3–0.5) 

 Assoc. with left 
heart Dz. 

 9 (5)  1.9 
(0.4–9.0) 

 36.0 (27–50)  58.5 (55–89)  6.0 (3.3–8.5)  0.3 
(0.2–0.5) 

 Assoc. with pulm. 
hypoplasia 

 5 (3)  1.5 
(0.8–10.0) 

 30.0 (23–47)  76.0 (46–92)  7.6 (4.1–8.7)  0.6 
(0.3–0.9) 

 Porto-pulmonary 
Htn 

 5 (3)  2.0 (0.5–14)  56.0 (42–66)  79.2 (59–90)  10.1 (3.9–16.4)  0.6 
(0.5–0.8) 

 Newborn GI related  4 (2)  0.3 
(0.2–0.5) 

 23.0 (21–33)  46.7 (37–61)  3.5 (2.3–4.2)  0.3 
(0.2–0.4) 

 Other  20 (11)  2.7 
(0.9–12.5) 

 28.0 (21–35)  52.9 (40–67)  4.5 (3.6–6.9)  0.3 
(0.2–0.4) 

  From the MAGIC Outcomes Project. (Reprinted with permission from Hill et al. [ 19 ] 
 Data represent median (25–75 inter-quartile range) 
  PAP  pulmonary arterial pressure,  PVRI  pulmonary vascular resistance index,  WU  Wood Units,  Rp  Rs, the ratio of pul-
monary to systemic vascular resistance,  CHD  congenital heart disease,  BPD  bronchopulmonary dyspnea,  PH  pulmo-
nary hypertension,  CDH  congenital diaphragmatic hernia,  GI  gastrointestinal and refers to PH associated with 
omphalocele or gastroschisis  
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laboratory vasodilator testing for long term 
 outcomes in pediatric pulmonary hypertension.   

    Summary 

 In the past, the heterogeneity of congenital heart 
disease coupled with the relatively small number 
of patients has limited our ability to study out-
comes and complications in the cardiac catheter-
ization laboratory. The past 10 years have seen 
signifi cant progress in the development of multi-
ple, multi-center databases to meet this end. The 
projects above demonstrate that our community 
is able to assemble together and set up the infra-
structure to contribute accurate and meaningful 
data to national databases. Risk stratifi cation will 
be an important aspect of data analysis in this 
patient cohort, as identifi cation of high risk con-
ditions will infl uence clinical decisions. 
Interventional cardiology will require multiple 
registries to fully understand our patients and our 
practice. Registries like IMPACT with its high 
center enrollment and high patient volume will 
answer broad questions, while registries like 
C3PO, CCISC and MAGIC will continue to draw 
from a select group of centers to collect data and 
answer more specifi c questions. In addition, we 
will need to harmonize data across multiple 
 databases related to cardiac surgery, cardiac 
intensive care and cardiac catheterization in a 
longitudinal fashion, to better understand the 
entire treatment of congenital heart disease, and 
hopefully lead to better outcomes for our patients.     
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    Abstract  

  The purpose of this chapter is to provide an overview of catheter ablation 
databases for outcomes analysis and quality improvement in the fi eld of 
pediatric and congenital electrophysiology. We begin by discussing unique 
aspects of electrophysiology that impact data collection and analysis. This 
will be followed by a review of historic electrophysiology databases and 
lessons learned. The purpose of this chapter is to review past and present 
Pediatric and Congenital Electrophysiology Society (PACES) led registry 
initiatives for assessing the outcomes of catheter ablation procedures for 
the treatment of arrhythmias in patients with congenital and pediatric car-
diac disease. Finally, we set the stage for current and future quality 
improvement efforts by highlighting the recently created Multicenter 
Pediatric and Adult Congenital Electrophysiology Quality (MAP-IT) reg-
istry and its collaboration with an existing national registry.  

  Keywords  
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        Introduction 

 Catheter ablation is a minimally invasive 
 procedure in which specialized catheters are 
placed into the heart from percutaneous vascular 
access sites (usually in the groin). Once in 
 position, catheters are used to identify and 
 interrupt critical elements of an arrhythmia’s 
 circuitry. Catheter ablation has become the default 
treatment of choice for arrhythmias in the pediat-
ric and congenital heart disease population. These 
procedures are generally curative,  particularly for 
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patients with structurally normal hearts. Early 
experience culled from registry data [ 1 – 3 ], 
detailed in a subsequent section of this chapter, 
have validated these procedures as safe and effec-
tive for pediatric and congenital heart disease 
patients suffering from arrhythmias. When suc-
cessful, these procedures have been shown in 
small case series to improve quality of life [ 4 ,  5 ]. 
It is generally accepted that catheter ablation is 
cost effective, particularly for highly symptomatic 
patients when measured against medical therapy 
or surgical ablation [ 6 ]. As healthcare costs rise 
and the application of this procedure has been 
extended to less symptomatic individuals, the cost 
analysis has become more  complicated [ 7 ]. It is 
important to recognize, however, that neither cost 
nor quality of life issues have been addressed in 
any of the large scale registries to date. In the cur-
rent environment of healthcare reform and patient-
centered care, it will be critical for future databases 
to address both patient- centered outcomes and 
overall value to society. 

 Multicenter clinical registries are increasingly 
becoming part of the outcomes research and qual-
ity improvement landscape. These data reposito-
ries have particular value in medical fi elds where 
disease entities are inherently rare and the ability 
to acquire clinical data for meaningful research or 
quality improvement measures, at any one institu-
tion, is limited. Registries play a vital role in pro-
cedural subspecialties to defi ne performance 
benchmarks and improve quality. The Pediatric 
and Congenital EP Society (PACES) is a nonprofi t 
organization dedicated to the treatment of heart 
rhythm disorders in children and all individuals 
with congenital heart disease. The purpose of this 
chapter is to review past and present PACES led 
initiatives directed at assessing the outcomes for 
the treatment of arrhythmias in patients with con-
genital and pediatric cardiac disease.  

    Unique Aspects of Outcomes 
Analysis and Quality Improvement 
in Electrophysiology 

 The fi eld of electrophysiology as it pertains to 
catheter ablation for the treatment of arrhythmias 
presents some unique challenges in tracking out-

comes. First, the targets of catheter ablation (e.g., 
accessory pathways, atrioventricular nodal path-
ways, myocardial scar, etc.) are not visible to the 
unaided eye. During an electrophysiology study, 
the existence of such entities is inferred from the 
distortion of the typical electrical patterns of car-
diac activation and their participation in spontane-
ous or inducible arrhythmias. In contrast to the 
surgeon who places the excised infl amed appen-
dix in the specimen container during the proce-
dure, the electrophysiologist must, in the acute 
procedural setting, infer from subtler and substan-
tially less reliable clues whether or not the target 
has been permanently eliminated or only tran-
siently impacted by catheter ablation efforts. In 
the later instance, the ablation target may recon-
stitute hours, days or even months later. 

 The diagnosis of arrhythmias and the tracking 
of recurrences also have their challenges. For 
example, arrhythmias are often transient and for 
the most part, not present during routine electro-
cardiography performed during offi ce visits. 
Though ambulatory heart rhythm recordings can 
be quite effective in detecting arrhythmias, it is 
often diffi cult to know the precise mechanism 
from surface recordings. This can present chal-
lenges when documenting and cataloging recur-
rence after catheter ablation. For example, in 
some cases patients may have multiple loci 
addressed during a catheter ablation procedure. 
In these situations, it can be diffi cult based on 
ambulatory recordings to determine which abla-
tion target has recurred. Alternatively, some 
patients (e.g., those with complex congenital 
heart disease) have the potential to form new 
arrhythmia substrates over relatively short peri-
ods of time and under unique external conditions. 
For this reason, it can be diffi cult to know pre-
cisely through non-invasive means whether 
arrhythmia following catheter ablation represents 
a recurrence of a previous target or a de novo 
substrate. 

 Finally, the fi eld of electrophysiology is depen-
dent on the subjective assessment of the patient as 
a measure of success. Of the four most frequently 
cited indications for arrhythmia treatment, by far 
the most common is “alleviation of symptoms”. It 
therefore stands to reason that any well designed 
quality assurance or quality improvement effort in 
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the fi eld of  electrophysiology should feature 
patient reported outcome measures (PROM). Yet 
this too is problematic, as symptoms are inher-
ently subjective, non-specifi c and diffi cult to 
quantify. For example, it is often challenging after 
a procedure to determine whether or not the 
patient who reports a symptom (e.g. palpitations) 
actually is having an arrhythmia representing 
recurrence, sinus tachycardia, or inconsequential 
atrial or ventricular ectopy. 

 A patient’s report can be impacted by a host of 
factors that are independent of whether or not the 
technical objectives of the procedure were suc-
cessfully met. Patients may not be able to 
 articulate symptoms, depending on the age and 
verbal ability, and/or the parent’s/caretaker’s 
interpretation of the symptoms may not be 
expressed in a manner that allows the clinician to 
determine if recurrence has occurred. Further-
more, the parental and child reports may be at 
odds [ 8 ]. Finally, even when patients are able 
to objectively and accurately report their symp-
toms, their symptoms may not correlate with a 
true arrhythmia. The net effect of this and the 
other issues outlined above is that objective out-
comes assessment in the fi eld of electrophysiol-
ogy is challenging and complex, and contains a 
degree of inescapable uncertainty.  

    The History of Electrophysiology 
Databases 

    The Pediatric Radiofrequency 
Catheter Ablation Registry 
(1991–1999) 

 The history of catheter ablation outcomes data-
bases for assessing the treatment of arrhythmias 
in pediatric and congenital cardiac patients dates 
back to the origins of pediatric electrophysiol-
ogy as an interventional fi eld, beginning with 
the Ablation Registry. Under the direction of 
PACES (known at the time as the Pediatric 
Electrophysiology Society), a voluntary proce-
dural registry was created to assess the safety 
and effi cacy of catheter ablation in the pediatric 
population. The only inclusion criterion was 
patient age less than 21 years. The registry cata-

loged patient demographic data, indications for 
 ablation, procedural data including fl uoroscopy 
time, acute response to treatment (success or 
failure), and complications. The follow-up data 
included recurrence which was defi ned as a doc-
umented return of pre-excitation, tachycardia, 
or both after acutely successful ablation. The 
data entry was paper based and forms were sub-
mitted from participating institutions to the 
coordinating center at the University of 
Nebraska. 

 The fi rst data in the registry from 24 partici-
pating centers were reported in 1994 [ 1 ]. All but 
one center was located in the United States. The 
age range of this cohort was 20 days to 20.9 years, 
though the majority of patients in the registry 
were between 12 and 18 years of age (median 
13.5 years). Seventy patients (11 %) had congen-
ital heart disease. The majority of patients under-
went catheter ablation due to medically refractory 
tachycardia, with 30 % of the procedures done at 
a direct request of the patient. All of the major 
outcome variables (fl uoroscopy time, acute suc-
cess, and late recurrence) were signifi cantly 
impacted by the target substrate and medical cen-
ter experience. The mean fl uoroscopy times 
ranged from 45.9 to 79.6 min with atrioventricular- 
node reentry tachycardia requiring the shortest 
exposure and right free-wall accessory pathways 
the longest. More procedures at a center corre-
lated with shorter fl uoroscopy times. Acute suc-
cess rates ranged from 38 % for ventricular 
tachycardia, to 89 % for left free wall accessory 
pathways. Overall, freedom from recurrence in 
patients without structural heart disease was 
71 % after 2 years of follow-up. Patients with left 
free wall pathways experienced a 78 % freedom 
from recurrence, whereas in those with right free 
wall pathways or weight greater than or equal to 
80 kg, the number decreased to approximately 
50 %. Though acute success was high with ecto-
pic atrial tachycardia, this substrate had the high-
est recurrence rate. The overall complication rate 
was low (4.8 % overall, 3.7 % acute) and corre-
lated with body weight of less than 15 kg and 
institutional volume. 

 A subsequent study evaluated the expertise 
“learning curve” of proceduralists associated 
with catheter ablation in the pediatric population 
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[ 9 ]. The authors demonstrated a remarkable abil-
ity to predict performance based on experience 
and a negative exponential function model using 
acute outcome and complication data from the 
registry. For example, a rapid learning curve was 
demonstrated for left free-wall accessory path-
ways with a beginning profi ciency of 73 % acute 
success and fi nal profi ciency of 94 % with 90 % 
of learning milestones achieved after  26 cases . In 
contrast, right free-wall accessory pathways 
required  282 cases  to achieve the maximal profi -
ciency. The procedure and fl uoroscopy times 
demonstrate a learning curve of intermediate 
slope. The authors were careful not to suggest 
imposing performance standards, and acknowl-
edged the large standard deviations and con-
founders, measured and unmeasured, that might 
impact the generalizability of the model. 

 Inadvertent atrioventricular block during 
radiofrequency catheter ablation was explicitly 
investigated by Schaffer et al. in 1996 using data 
from the Ablation Registry [ 2 ]. The risk of cath-
eter ablation related heart block was found to be 
1.2 % overall and was a function of target loca-
tion (mid 10 % >anterior 2 % >posteroseptal 
1 %) and operator experience. 

 A follow-up study in 1997 from 46 medical 
centers participating in the ablation registry 
looked at outcomes of paroxysmal supraventricu-
lar tachycardia (SVT) in those without structural 
heart disease [ 3 ]. The short interval between this 
and the initial Catheter Ablation registry report in 
1994 demonstrated an interesting trend in indica-
tions for cardiac ablation. Whereas approxi-
mately a third of patients underwent catheter 
ablation due to patient choice in the original reg-
istry report, in this cohort, the number had grown 
to 58 %. The association between fl uoroscopy 
and procedure times for specifi c substrates were 
consistent with the initial report from the registry 
(e.g., shorter for atrioventricular node reentry 
tachycardia [AVNRT], longer for right-sided 
accessory pathways [APs]), but overall, both had 
decreased in this subsequent report. The acute 
success rates ranged from 95 % for left lateral 
pathways, 87 % for septal pathways, and 86 % 
for right free wall pathways, which was in align-
ment with the fi rst report from the Ablation regis-

try. Long-term, freedom from recurrence, defi ned 
as 3 years, remained consistent at 71 % overall 
for APs and 77 % for AVNRT. The authors spec-
ulated that the relatively high observed recur-
rence rates may refl ect a bias toward under 
reporting for successful outcomes due to a loss to 
patient follow-up.  

    Prospective Assessment After 
Pediatric Cardiac Ablation (PAPCA) 
(1999–2003) 

 Prospective Assessment after Pediatric Cardiac 
Ablation (PAPCA) was both a prospective study 
and a clinical registry [ 10 ]. The PAPCA Registry, 
using a prospective and focused study design, set 
out to determine the incidence in the pediatric 
population of recurrence following an initially 
successfully ablated arrhythmia, early and late- 
appearing cardiac damage due to the ablation pro-
cedure, and new arrhythmias attributable to the 
ablation procedure. For the prospective study, 
inclusion and exclusion criteria included: age less 
than 16, no signifi cant congenital heart disease, 
and only arrhythmia substrates of atrioventricular 
reentrant tachycardia (AVRT) or AVNRT. The 
registry portion of PAPCA was the natural exten-
sion of the Ablation Registry. The inclusion crite-
ria for the registry portion was consistent with its 
mission to capture information about the whole of 
the pediatric population undergoing catheter abla-
tion, and was similar to that of the Ablation 
Registry discussed above, namely for patients age 
less than 21 years. The quality control procedures 
for the prospective study patients were robust 
with double data entry to eliminate possible key-
punch errors. Analysis of the electrophysiologic 
tracings to determine the mechanism of arrhyth-
mia in 50 % of all cohort patients was done by an 
independent reviewer. The complications were 
reviewed by an independent Morbidity and 
Mortality Review Committee. 

 Several interesting trends emerged from the 
PAPCA study and registry data when compared 
with the earlier ablation registry. First, “patient 
choice”, as an indication for ablation in this 
cohort, continued to increase in frequency  relative 
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to ablation registry era, accounting for 90 % of 
procedures. This, in part, likely refl ects an 
increased awareness of and comfort level with 
catheter ablation in the pediatric population. 
There was a modest decrease in the average fl uo-
roscopy time which was down to 28–38 min 
compared with that reported in the Ablation 
Registry. Again, this likely refl ects the increased 
experience in the pediatric electrophysiology 
(EP) community rather than a major change in 
technology. The overall complication rate (2.9–
4.2 %) was comparable to the rate seen in the 
Ablation Registry cohort. The rate of inadvertent 
atrioventricular (AV) block as a complication of 
radiofrequency ablation was unchanged at 1.2 %. 
In contrast to early reports from the Ablation 
Registry, no deaths were reported from the 
PAPCA registry. Interestingly, the acute success 
rate (for all substrates) was 93 % and essentially 
unchanged from later reports from the Ablation 
Registry. This suggested that the learning curve 
had plateaued. The patterns established for acute 
success rates as a function of pathway location in 
the Ablation Registry were reiterated in the 
results of the PAPCA trial (e.g. 98 % for left free- 
wall accessory pathways versus 88–90 % for 
other pathway locations) [ 11 ]. With 21 % of the 
patients lost to follow-up, the 12 month recur-
rence rate was 10.7 %. Most recurrences (70 %) 
occurred within 2 months. The rate of recurrence 
varied by substrate but it should be noted that 
only accessory pathways and AVNRT substrates 
were substantially represented in the dataset [ 12 ]. 
A detailed blinded analysis of valve dysfunction, 
regional wall dyskinesis, and left ventricular 
function following catheter ablation in PAPCA 
cohort patients identifi ed little or no evidence for 
signifi cant injury to cardiac valves or coronary 
arteries as a result of the radiofrequency catheter 
ablation [ 13 ].  

    The Multicenter Pediatric and Adult 
Congenital EP Quality (MAP-IT) 
Registry 

 The pioneering efforts discussed above provided 
invaluable information regarding the outcomes of 

radiofrequency ablation in the pediatric popula-
tion. Indeed, even today these registries provide 
benchmarks for acute procedural success and 
recurrence rates. However, in the 11 years that 
have elapsed since the PAPCA registry closed, 
there have been signifi cant and ongoing improve-
ments in technology and changes in the patient 
population involved in these procedures, render-
ing the information progressively more outdated 
with each passing year. For instance, since 2003 
there has been the development and broad dis-
semination of a new ablation energy source (i.e., 
cryoablation energy), enhanced three dimensional 
mapping platforms, and an increasing prevalence 
of adults with congenital heart disease and related 
cardiac rhythm problems. The PACES leadership, 
in response to these issues, sponsored the creation 
of the Multicenter Pediatric and Adult Congenital 
EP Quality (MAP-IT) Initiative in 2010. The 
MAP-IT registry is intended to provide the infra-
structure for meaningful quality assurance, ongo-
ing quality improvement and ultimately, a means 
for conducting multicenter research in the fi eld of 
pediatric and congenital EP. 

 The MAP-IT registry was constructed using 
many of the terms and defi nitions from the ear-
lier registries discussed above. Other terms and 
defi nitions were extracted from existing and 
credible sources such as the American College 
of Cardiology/American Heart Association/
Heart Rhythm Society (ACC/AHA/HRS) 2006 
Key Data Elements and Defi nitions for Electro-
physiological Studies and Procedures [ 14 ]. 
Though the MAP-IT registry has many simi-
larities to its ancestors, it differs in a couple of 
important aspects. First, for reasons discussed 
earlier, the MAP-IT registry incorporates patient- 
centered outcome measures, including a symp-
toms severity survey (Fig.  20.1 ) as one of its 
basic outcome measures. In addition, the MAP-IT 
registry allows meaningful, anonymized center-
to- center comparisons for basic bench marking 
measures. Following the lessons learned from 
other procedural registries [ 15 ], the creators of 
the MAP-IT registry recognized the need for a 
clinical complexity score for electrophysiology 
procedures. Details of the fi rst iteration of this 
score, known as the  Com plexity in  P ediatric and 
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  Fig. 20.1    Patient symptom severity survey         

Question #1

In the past 6 months, what symptom (or feeling) that comes from your (your child’s) heart
rhythm problem bothers you (your child) most often? (Choose only one.)

None (No symptoms)
Palpitations
Chest Pain
Shortness of breath
Dizziness
Fainting
Fatigue

Question #2

In the last 6 months, about how often have you (or your child) had this feeling? (Choose only one.)

Not applicable (no symptoms)
Every day
At least once per week
At least once per month
At least once in the last 6 months

Question #3

In the past 6 months, what symptom (or feeling) that comes from your (your child’s) heart
rhythm problem was the worst? (Choose only one.) 

None (No symptoms)
Palpitations
Chest Pain
Shortness of breath
Dizziness
Fainting
Fatigue

Question #4

For any heart rhythm episodes you (your child) have had in the last 6 months, what is the most
intense treatment that you (your child) have endured to try to stop the rhythm problem? (Choose
only one.)

I have had no rhythm problem during this time
My rhythm problem is always present and I make no effort to try to stop it.
My rhythm problem episodes stop by themselves without me doing anything.
I have tried bearing-down, standing on my head, blowing into straw, placing ice
on my face or other vagal maneuvers.
I went to the emergency department but the rhythm problem stopped by itself or
with vagal maneuvers.
I went to the emergency department and I received medicine to treat my rhythm
problem.
I stayed in the hospital for one or more days to treat my rhythm problem with
medicine.
I went to the hospital / emergency department and I received a shock (DC
Cardioversion) to treat my rhythm problem.

 A dult congenital EP  S tudy and ablation  S core 
(COMPASS), were recently published [ 16 ]. This 
score should allow a level playing fi eld from 
which to compare outcomes between medical 

centers. The MAP-IT registry will establish 
 quality standards for acute and late technical and 
patient centered outcomes and adverse events in 
the fi eld of pediatric and congenital EP.
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        Looking Ahead: MAP-IT Pilot 
Testing and the IMPACT Registry 

 The Management Board of the ACC/NCDR 
approved in February, 2013 the addition of 
MAP-IT to the next version of the Improving 
Pediatric and Adult Congenital Treatment 
(IMPACT) Registry. In preparation for broad 
scale implementation, 14 centers in the US have 
been enrolling patients into a pilot version of the 
MAP-IT Registry. The MAP-IT Pilot Project is 
an effort to test, validate and refi ne the empiric 
constructs assembled in the fi rst phase of the 
MAP-IT initiative, prior to incorporation of 
MAP-IT into the National Cardiovascular Data 
Registry (NCDR) IMPACT registry. The goals of 
pilot phase of the MAP-IT initiative are: to ensure 
that the selected data elements capture the critical 
information necessary to fulfi ll the mission of the 
MAP-IT registry ( validate input ), ensure consen-
sus on defi nitions of terms and choices ( validate 

input ), establish useful strategies for dealing with 
data entry into the registry before, during, and 
after EP studies ( establish best workfl ow prac-
tices ), and develop recommendations on the for-
mat and content of the quarterly quality assurance 
(QA) report for participating centers ( validate 
output ). The multicenter data collection in the 
pilot registry has been facilitated through 
REDCap electronic data capture tools hosted at 
Seattle Children’s Hospital [ 17 ]. To date over 500 
procedures have been entered and a number of 
important improvements made to the initial con-
struct. It is anticipated that this pilot dataset will, 
in turn, be used to further test and refi ne the 
COMPASS score. 

 A European pediatric catheter ablation regis-
try called “Europa” involving six centers (Leiden, 
Prague, Bergamo, Göttingen, Milano and 
Leipzig) has been enrolling patients since 2013. 
These efforts are starting to learn from and share 
with the US based registries.  

Question #5

In the past 6 months, which medicine(s) have you (your child) taken for a heart rhythm problem?
(Choose all that apply.)

I have taken none of these medicines in the past 6 months. 
Amiodarone
Beta-blocker (atenolol, bisoprolol, metoprolol, nadolol, propranolol, timolol)
Digoxin
Diltiazem
Dofetilide
Dronedarone
Flecainide
Mexiletine
Propafenone
Sotalol
Verapamil

Question #6

In the past 6 months, do you feel your rhythm problem has had interfered with how well you are
able to work, go to school, or play?

Yes
No

Question #7

Only answer if catheter ablation procedure has already been performed
Compared to the 6 months before my catheter ablation procedure, in the 6 months following this
procedure, I (my child) feel:

.

Better than before
Worse than before
The Same as before

Fig. 20.1 (continued)
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    Conclusions 

 Electrophysiology presents several challenges 
to outcomes assessment and quality improve-
ment. Early databases (Pediatric Radiofrequency 
Ablation Registry [PRAR] & PAPCA) in the 
fi eld of pediatric and congenital cardiology 
established the safety and effi cacy of catheter 
ablation procedures in this patient population. 
More recent efforts involved in the creation of 
MAP-IT and its incorporation into the NCDR 
IMPACT registry will build on earlier database 
experience. This should provide a robust plat-
form upon which to perform meaningful quality 
assurance and improvement in the fi eld of pedi-
atric and congenital electrophysiology.     
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    Abstract  

  The science and practice of pediatric cardiovascular nursing has made 
substantial progress since the 1970s. The use of evidence to drive clinical 
care has demonstrated improvement in patient outcomes including mor-
bidity and mortality. In addition multiple, concurrent events, including 
dramatic innovations in technologies, medical treatment discoveries, novel 
surgical procedures, nursing clinical inquiry and organizational support 
have contributed to increasing health care quality.  
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  21      Using Data to Drive Improvement 
and Build the Science of Nursing 

           Ashley     Collins      ,     Jean     Anne     Connor      ,     Sandra     Mott      , 
and     Patricia     Hickey     

        Introduction 

 The science and practice of pediatric cardiovas-
cular nursing has made substantial progress since 
the 1970s. Use of evidence to drive clinical care 
has demonstrated improvement in patient out-
comes including morbidity and mortality. In 
addition multiple, concurrent events, including 
dramatic innovations in technologies, discoveries 
of new medical treatments, novel surgical proce-
dures, nursing clinical inquiry and organizational 
support have contributed to increasing health 
care quality. 

 Use of advanced technologies and innovative 
medical therapies have been cited by the Institute 
of Medicine (IOM) as one of the four main 
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 attributes to increasing health care quality [ 1 ]. 
Several organizations, including the IOM, 
American Nurses Credentialing Center (ANCC) 
Magnet® Recognition Program, and The Joint 
Commission (TJC) have challenged providers to 
develop a practice culture that exemplifi es safe, 
timely, effective, effi cient, equitable and patient 
centered care systems and environments [ 1 – 4 ]. 
The application of these advances and innova-
tions have contributed to a decrease in mortality 
for children with complex heart disease [ 5 ]. 

 The professional practice environment, within 
which patients are cared, has been a focus of 
much research. In 2001, the American Association 
of Critical Care Nurses (AACN) and the 
American College of Chest Physicians (ACCP) 
collaborated to create standards to defi ne and 
maintain a healthy work environment in the acute 
care setting [ 6 ]. The healthy work environment 
standards include:
•    skilled communication,  
•   true collaboration,  
•   effective decision-making,  
•   appropriate staffi ng,  
•   meaningful recognition and  
•   authentic leadership [ 7 ].    

 The AACN and AACP acknowledged that a 
strong working relationship between cardiovas-
cular physicians, nurses, and the multidisci-
plinary team is a key factor in successful patient 
outcomes [ 6 ]. The AACN further concluded that 
the links among a healthy work environment, 
excellent nursing practice, and outcomes of 
patient care were inextricable [ 6 ,  7 ]. Since the 
standards represent evidence-based and 
relationship- centered principles of professional 
performance, they provide a meaningful frame-
work for pediatric cardiovascular programs [ 8 ]. 

 Nurse-physician collaboration, a positive 
organizational climate, and nurse job satisfaction 
has been linked to lower mortality rates, lower 
complication rates, and higher levels of patient 
satisfaction [ 6 – 9 ]. Successful pediatric cardio-
vascular programs understand the unique contri-
bution of each discipline and how the collective 
intelligence and talent of the entire multidisci-
plinary team is greater than any single individual 
or discipline [ 9 ]. Nurse and physician leaders 

draw on their respective scientifi c foundations 
and actively assume the responsibility for creat-
ing and supporting a professional practice milieu 
that fosters interdisciplinary collaboration and 
effective decision-making [ 7 ,  9 ]. 

 The objectives for this chapter are to provide 
defi nitions of quality care, describe how quality 
is measured, discuss available data sources and 
describe how collaborations using data can drive 
quality cardiovascular care. Selected examples of 
contemporary cardiovascular nursing research 
and improvement science initiatives that generate 
high quality care for pediatric cardiovascular 
patients and their families are discussed as well 
as future directions for consideration.  

    Defi ning Quality Care 

 Multiple forums have suggested various elements 
to refl ect quality care. These include but are not 
limited to standards and indicators of healthcare 
and conceptual components of care. Initially in 
1998, the IOM defi ned quality as “the degree to 
which health services for individuals and popula-
tions increase the likelihood of desired health 
outcomes and are consistent with current profes-
sional knowledge [ 10 ].” Because “desired health 
outcomes” is somewhat vague and diffi cult to 
quantify, initial measures focused on negative, 
but more easily measured, components of quality 
such as death, disease, disability, discomfort, and 
dissatisfaction [ 10 ,  11 ]. 

 Published in 2001, the most recent IOM’s 
guiding framework identifi es the following six 
conceptual components of quality care for the 
21st century - quality care is:
•    safe,  
•   effective,  
•   patient-centered,  
•   timely,  
•   effi cient, and  
•   equitable.    

 In this model, patient safety is the foundation 
upon which all other aspects of quality care are 
built [ 1 ]. 

 Alternatively the American Academy of 
Nursing Expert Panel on Quality Health focused 
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on the following positive indicators of 
 high- quality care they believed were sensitive to 
nursing input:
•    achievement of appropriate self-care,  
•   demonstration of health-promoting behaviors,  
•   health-related quality of life,  
•   perception of being well cared for, and  
•   symptom management to criterion.    

 They concluded a quality measure should be a 
positive measure and mortality, morbidity, and 
adverse events were not only negative but repre-
sented the integration of multidisciplinary 
 provider inputs [ 10 – 12 ]. 

    Nursing and the Linkage to Patient 
Outcomes 

 Nursing’s history is replete with individuals who 
have advanced the concept of quality in all 
aspects of care delivery. In 1855, Florence 
Nightingale analyzed mortality data among 
British troops and achieved a signifi cant reduc-
tion in mortality by changing organizational and 
hygienic practices [ 13 ,  14 ]. She is also credited 
with creating the world’s fi rst performance mea-
sures of hospitals in 1859 [ 15 ]. In the 1970s, 
Wandelt reiterated the fundamental defi nition of 
quality is the characteristics and degrees of excel-
lence, whereas standards refer to a general agree-
ment of factors specifying what is ideal [ 11 ,  16 ]. 
At about the same time, Lang proposed a quality 
assurance model that has endured given its foun-
dation of societal and professional values as well 
as the most current scientifi c knowledge [ 11 ,  17 ]. 

 In the past, nursing’s responsibility in patient 
safety has been limited to direct patient care, for 
example, eliminating falls and preventing skin 
breakdown. While these basic dimensions of 
safety are still important within nursing’s scope 
of practice, they pale in comparison to the magni-
tude of nursing’s contribution to overall patient 
safety and quality improvement. As nurses pro-
vide holistic patient care, they are constantly 
using critical thinking skills to gather, coordinate, 
synthesize, and interpret information and then 
provide data for an informed clinical decision 
that addresses multiple aspects of safety and 

quality in patient care. Nurses also provide 
 wisdom, that deep understanding and sound 
judgment gained from experience, to both the 
decision making process and its implementation. 

 In addition to developing clinical expertise, it 
is equally important to mentor and engage bed-
side nurses in clinical inquiry and improvement 
science. Boston’s Children’s Hospital formed the 
Academy for Clinical Scholarship and Innovation 
in Pediatric Nursing to provide a comprehensive 
infrastructure for the mentorship of staff by nurse 
scientists. This infrastructure includes a focus on 
evidence-based practice, improvement science 
and research. The Academy for Clinical 
Scholarship and Innovation in Pediatric Nursing 
along with the Nurse Executive Committee for 
Research and Inquiry (NECRI) support the 
Nursing Science Fellowship. The Nursing 
Science Fellowship is a 2-year program designed 
to provide nurses in all roles across the hospital 
with foundational tools for clinical inquiry with a 
goal of advancing the science of nursing. Nursing 
science fellows participate in quarterly forums 
that include didactic and interactive experiences 
with expert nurse scientists. The forums provide 
basic content and in depth information on each of 
the clinical inquiry processes. Most signifi cant is 
the one-on-one mentoring that occurs twice per 
month. This is independent time spent with a 
nurse scientist to clarify, develop, plan and imple-
ment one’s own inquiry. Upon completion of the 
clinical inquiry, the fellow participates in its dis-
semination. The fellowship program provides a 
forum for staff to learn the value and importance 
of using data to advance practice.   

    Developing Quality Nursing 
Measures 

    Adult Versus Pediatric Measures 

 While nurses continue to represent the single 
largest provider of inpatient care, there remains a 
need to quantify their contributions to the provi-
sion of safe, effective, effi cient, equitable, timely, 
and patient/family centered care [ 18 – 22 ]. This 
statement must be accentuated for pediatric 
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 nursing care as most available standardized 
 nursing-sensitive outcome indicators are focused 
on adult care [ 23 – 27 ]. These indicators such as 
prevalence of falls or failure to rescue have been 
shown to lack validity when applied globally to 
pediatrics or sub-populations of pediatrics [ 28 , 
 29 ]. It can further be argued appropriate and high 
quality nursing care is especially important in 
children’s health care as often the etiology and 
epidemiology of illness is different in children 
than adults, suggesting the need for specialized 
expertise. Children born with congenital heart 
disease explicitly exemplify this fact. 

 Currently the measurement of nursing care is 
highlighted as a major initiative across several 
areas of nursing and health care. The 2010 Robert 
Wood Johnson (RWJ)/IOM report acknowledged 
the USA health care system is in need of transfor-
mation to ensure higher quality, patient-centered 
care is provided to all citizens [ 30 ]. A major rec-
ommendation from the report is nurses function 
to the full extent of their education and assume a 
leadership role in achieving this mission. The 
need for nurse-sensitive quality indicators is 
undisputed. The National Quality Forum pro-
duced an initial consensus set of indicators in 
2004 [ 31 ]. These adult based indicators, how-
ever, have yet to be adopted by national organiza-
tions, as concerns exist about the reliability of the 
indicators, defi nitions of terms, and methods of 
collection of data [ 24 ].  

    Ongoing National Database 
of Nursing Quality Indicators (NDNQI) 

 In 1994, the American Nurses Association 
(ANA) launched a safety & quality initiative to 
explore and identify the empirical linkages 
between nursing care and patient outcomes [ 32 ]. 
Information from this effort was used to develop 
a national database to collect data on nursing 
quality indicators. The NDNQI provides hospi-
tals with unit-level performance comparison 
reports for state, regional, and national percentile 
distributions. All indicator data are reported at 
the nursing unit-level [ 32 ]. The NDNQI’s 
nursing- sensitive indicators refl ect the structure, 

process, and outcomes of nursing care 
(Table  21.1 ) [ 32 ]. While this is not specifi c to 
pediatric nursing, it does allow for pediatric par-
ticipation and opportunities for benchmarking.

       Ohio Children’s Hospitals’ Solutions 
for Patient Safety (OCHSPS) 

 Another recent national collaborative effort that is 
pediatric focused is the OCHSPS [ 33 ]. Launched 
in 2009, Solutions for Patient Safety was founded 
as a partnership between providers and the business 
community, under the leadership of the Ohio 
Business Roundtable, to improve quality and 
reduce costs among children’s hospitals in the state 
of Ohio [ 33 ]. Experiencing initial success, they 
reformatted their goal to eliminating all serious 
harm in Ohio’s children’s hospitals. Initial efforts 
will focus on eliminating Serious Safety Events 
(SSEs) in Ohio children’s hospitals and developing 
a patient harm index to capture elements of harm 
occurring at children’s hospitals. OCHSPS has 
focused on tactics to reduce harm nationally in 11 
healthcare acquired conditions (Table  21.2 ) [ 33 ].

   Table 21.1    National Database of Nursing Quality 
Indicators (NDNQI) measures   

 The current NDNQI indicators include: 
  Nursing hours per patient day a  
  Nursing skill mix a  
  Nurse turnover rate a  
  RN education/certifi cation 
  RN survey with 
   Practice environment scale a  
   Job satisfaction scales 
  Assault/injury assault rates 
  Catheter-associated urinary tract infection rate a  
  Central line-associated blood stream infection rate a  
  Fall/injury fall rates a  
  Hospital/unit acquired pressure ulcer rates 
   Pain assessment/intervention/reassessment cycles 

completed 
  Peripheral IV infi ltration rate 
  Physical restraint prevalence a  
  Ventilator-associated pneumonia rate a  

   a National Quality Forum (NQF) endorsed nursing- 
sensitive care measure  
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       Pediatric Cardiovascular Nursing 
Initiatives 

 The cardiovascular program at Boston Children’s 
Hospital has a strong history in development of 
nurse-sensitive quality indicators of inpatient 
care through the creation of the Nightingale 
Metrics in 2003 [ 24 ]. As Nightingale said,” what 
nursing has to do…. is to put the patient in the 
best condition for nature to act upon him [ 34 ].” 

The goal of this metric initiative, led by Curley 
and Hickey, was for nurses
•    to identify nursing care activities important to 

their patients and families,  
•   to measure how often nurses performed these 

interventions, and  
•   to use the data to improve the care they pro-

vided [ 24 ].    
 Examples of specifi c cardiac nurse metrics 

include (1) documentation of PR interval and (2) 
checking central line blood return at the start of 
each shift. Although some of the Nightingale 
metrics are process measures, whenever possible, 
direct links to patient outcomes have been exam-
ined. Patient outcomes were found to improve 
with documentation of the process measure and/
or compliance with the care bundles. Examples 
of these linkages include decreased rate of venti-
lator associated pneumonia (patient ventilated, 
oral hygiene twice in 24 h, daily holiday/twitch 
plan for chemically paralyzed patients) (Fig.  21.1 ) 
and decreased rate of pressure ulcer occurrence 
and severity (patient immobile, position changed 
every 2 h, heels off bed, out of bed/held in last 
24 h) (Fig.  21.2 ).

   Table 21.2    Ohio Children’s Hospitals’ Solutions for 
Patient Safety (OCHSPS)   

 Adverse drug events (ADE) 
 Catheter-associated urinary tract infections (CAUTI) 
 Central line-associated blood stream infections 
(CLABSI) 
 Injuries from falls and immobility 
 Pressure ulcers 
 Surgical site infections 
 Ventilator-associated pneumonia (VAP) 
 Preventable readmissions 
 Obstetrical adverse events 
 Venous thromboembolism 
 Serious safety events (SSE) 
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  Fig. 21.1    Nightingale metric 
ventilator-associated 
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    Table  21.3  shows examples of Nightingale 
Metrics currently monitored in the  cardiovascular 
ICU and inpatient cardiovascular unit at Boston 

Children’s Hospital. All data are collected 
 quarterly on a random day through chart audits, 
direct observation, or both methods. Chart 
audits are limited to the previous 7 days. When 
audits reveal benchmark results for 3 consecu-
tive audit periods, the measure is retired and 
spot checked on a yearly basis. This methodol-
ogy enables staff to evaluate their practice in 
real time and make data driven decisions about 
patient care.

       National Pediatric Cardiovascular 
Nursing Collaboration 

 At the national level, the American College of 
Cardiology (ACC) Pediatric Quality Metric 
Working Group (QMWG) held an open session 
for participation in development of a dashboard 
of pediatric cardiology-sensitive metrics in 2008. 
Important to the ACC QMWG was the inclusion 
of a pediatric nursing-sensitive metric in the pilot 
group of proposed metrics. To this end, expert 
nurse clinicians, administrators, and scientists 
from across the country participated in the proj-
ect. Fourteen nurses from 10 different institutions 
collaborated and conducted a literature review as 
the fi rst step. Topics included in this search were:
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% Adherence PU   Fig. 21.2    Nightingale 
immobility-related pressure 
ulcer bundle (immobile 
patients only)       

   Table 21.3    Boston Children’s Hospital Nightingale 
Metrics   

 Boston Children’s Hospital Inpatient Cardiovascular 
Program 

 Nightingale Metrics 

 Cardiac Intensive Care Unit  Acute Care Cardiac Unit 

 Braden Q  Braden Q 
 Calorie counts (<1 year of 
age) 

 Chest tube bundle 

 Continuity of care  Continuity of care 
 Devices on patient  Devices on patient 
 Family-centered care  Family-centered care 
 FLACC pain scale  FLACC pain scale 
 Glasgow coma scale  Heparin lock PIVs 
 Mouth care  ID bands 
 Neonate care bundle  Newborn discharge 

procedures (48 h) 
 Panic labs  Newborn discharge 

procedures (72 h) 
 Parent presence  Parent presence 
 Pressure ulcer bundle  Patient goals 
 State Behavioral Scale 
(SBS) 

 PICC/central catheter 

 Running IVs 
 State Behavioral Scale 
(SBS) 
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•    standardized nursing measurement,  
•   pediatric nurse sensitive metrics, and  
•   metrics related to general inpatient cardiac care.    

 Results revealed published measures were either 
not appropriate for pediatrics or not generalizable to 
the practice of pediatric cardiac nursing care. The 
charge then changed from identifi cation of a metric 
to development of a metric. Through a series of con-
ference calls, email communications, and consulta-
tion with additional nursing experts, the group 
reached consensus around the importance of nutri-
tion for children with cardiac disease. Furthermore, 
they identifi ed it as a critical component of pediatric 
cardiac nursing care that contributed to overall 
patient outcomes. Although documentation of daily 
fl uid intake was a standardized activity performed 
by nurses, there was no consistent documentation of 
assessment or measurement of nutritional intake of 
infants during hospitalization. 

 In its fi nal form “Documentation of Nutrition” 
is a metric of daily documentation of feeding status 
and Kcals/kg/day for all infants ≤30 days admitted 
for surgical intervention or medical intervention/
management for more than one 24-h period. As of 
January 2011, the network of participating institu-
tions has increased to 15 sites dedicated to the care 
for children with heart disease who currently are 
participating in the process of submitting data on 
the nutrition measure (Fig.  21.3 ).

   The ACC QMWG nursing experience has 
demonstrated a number of successes:
    1.    development of a collaborative, consensus 

based approach among pediatric cardiac nurse 
scientists, administrators, and clinical experts 
to identify and develop a measurement of 
nursing quality;   

   2.    feasibility of implementing a measure and 
strategy of collection of data in 15 institutions 
across the country; and   

   3.    a commitment in identifi cation and testing of 
other measures in a consensus based manner.     
 To date, this effort has provided strong founda-

tion and a natural evolution for the development 
of the Consortium for Congenital Cardiac Care 
Measurement of Nursing Practice (C4-MNP).  

    Consortium for Congenital Cardiac 
Care Measurement of Nursing 
Practice (C4-MNP) 

 In 2011, the C4-MNP was launched to establish a 
national identifi cation of pediatric cardiovascular 
nursing measurement with a goal of benchmark-
ing activities of nursing care that contribute to 
improved outcomes in a highly complex environ-
ment and specialized population of patients. 
Through the structure and processes of the 
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consortium, a national community of researchers, 
administrators, and expert clinicians have come 
together to form a broad network committed to 
rigorous measurement of the quality of care 
required by nurses who participate in achieving 
optimal outcomes for children with cardiac dis-
ease. The identifi cation of key performance 
 measures and the articulation and measurement of 
the value of care delivered by nurses in the health 
care environment are central to improving and sus-
taining quality care and reducing cost. To date the 
effort has 20 pediatric cardiovascular programs 
partnered in identifying measures in seven target 
areas. Areas of measurement include: (1) Clinical 
deterioration, (2) Care of the adult congenital heart 
disease patient, (3) Family/patient-centered care, 
(4) Nutrition, (5) Pain management, (6) Prevention 
of pressure ulcers and (7) Work environment for 
the healthcare team. The developed measures will 
be piloted and then serve as benchmarks across 
pediatric cardiovascular programs.   

    Using Evidence to Guide Quality 
Nursing Care 

    Kid’s Inpatient Database (KID) 
and the Pediatric Health Information 
Systems (PHIS) 

 A number of data sources are currently available 
for examination of outcomes for children with 
congenital heart disease. One such database spe-
cifi c to pediatrics is the KID [ 35 ]. The KID data-
base was developed as part of the Healthcare 
Cost and Utilization Project (HCUP) through a 
Federal-State-Industry partnership sponsored by 
the Agency for Healthcare Research and Quality 
[ 35 ]. The goal of this partnership is to use these 
data to inform decision making at the commu-
nity, state, and national levels. The KID dataset is 
currently available in the following years: 1997, 
2000, 2003, 2006, and 2009. The latest version of 
the KID database consists of a stratifi ed random 
sample of 3,407,146 discharges from 4,121 insti-
tutions in 44 states. The KID uses the American 
Hospital Association’s defi nition of hospitals to 
identify all non-federal, short-term, general and 
other specialty hospitals. Pediatric hospitals, 

 academic medical centers, and specialty hospi-
tals are included. The database does not include 
all admissions from participating institutions, but 
instead includes a 10 % sample of uncompli-
cated, in-hospital births from these institutions, 
and an 80 % sample of other pediatric discharges 
(age <21 years). To obtain information that is 
nationally representative, the sample is weighted 
to represent the population of pediatric discharges 
from all community, non-rehabilitation hospitals 
in the United States that were open for any part of 
the calendar year examined. To protect patient 
confi dentiality, the KID database does not con-
tain specifi c patient or hospital identifi ers. 

 The PHIS is another large database source 
for understanding pediatric outcomes [ 36 ]. The 
PHIS provides detailed clinical and fi nancial 
information managed by the Performance 
Improvement Division of the Child Health 
Corporation of America (CHA). Data is col-
lected from 43 participating free-standing chil-
dren’s hospitals in the United States [ 36 ]. Over 
125 data elements are collected for each patient 
 admission, including demographic information, 
admission and discharge dates, patient outcomes, 
and International Classifi cation of Diseases, 
Ninth Revision, Clinical Modifi cation (ICD-
9-CM) codes for all diagnoses and procedures. 
Institutions are labeled within the database but 
cannot be identifi ed in public reporting; indi-
vidual patient medical record numbers and iden-
tifi cation codes are encrypted. 

 Although the KID and the PHIS datasets are 
considered to be powerful data sources, there are 
universal limitations when using administrative 
datasets. Unique patient identifi ers or record link-
age numbers are not available in the datasets. 
Missing data, coding errors, and lack of detailed 
clinical information are also universal limitations 
in using large administrative datasets in outcomes 
research [ 37 ]. As described elsewhere in this book 
(in the chapter by Franklin and colleagues titled: 
 Nomenclature for Congenital and Pediatric 
Cardiac Disease :  Historical Perspectives and the 
International Pediatric and Congenital Cardiac 
Code ), the validity of coding of lesions seen in the 
congenitally malformed heart via the International 
Classifi cation of Diseases as used in administra-
tive databases is likely to be poor.  
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    Using Evidence to Impact Patient 
Outcomes 

 Registered nurses (RN) are the largest group of 
healthcare providers and typically account for the 
greatest expense in hospital operating budgets. The 
relationship of nursing care to patient outcomes has 
been well established in adult hospitals. Specifi cally, 
the nursing and organizational skills of the bac-
calaureate educated nurse (BSN), increased RN 
staffi ng, healthy work environments, and Magnet® 
recognition, are all associated with improved 
patient outcomes in these hospitals [ 38 – 44 ]. 

 Magnet® recognition is a designation program 
recognizing organizational nursing excellence 
and has been linked to improved quality of care 
and patient outcomes [ 45 ]. The Magnet® 
Recognition Program aims to promote 
 professional practice, excellent patient care and 
evidence driven practice [ 46 ]. Healthcare organi-
zations must apply for designation and re- 
designation and the application and designation 
process requires several rigorous steps in the dem-
onstration of excellence. The journey to Magnet® 
requires organizations demonstrate nursing excel-
lence around forces of magnetism. The forces are 
organized into 5 overarching components:
•    transformational leadership,  
•   structural empowerment,  
•   exemplary professional practice,  
•   new knowledge, innovations and improve-

ments and  
•   empirical outcomes.    

 Magnet® is not a pediatric-specifi c designation 
but a signifi cantly higher percentage of freestand-
ing children’s hospitals have Magnet® designa-
tions than do adult hospitals. Less than 6 % of 
hospitals across the United States have been desig-
nated in The Magnet® Recognition Program but 
over 80 % of pediatric hospitals are either desig-
nated as Magnet® or are on the journey [ 47 ]. The 
high proportion of children’s hospitals with 
Magnet® designation demonstrates the level of 
nursing excellence, as well as, the commitment to 
quality care and excellent patient outcomes. 

 Little is known about the dynamic between 
the pediatric workforce and patient outcomes 
[ 48 ]. In response to this gap in the literature, 
Hickey and colleagues conducted a series of 

studies to describe and evaluate nursing’s contri-
bution to patient outcomes in the congenital heart 
surgery population. Although congenital heart 
disease is the most commonly occurring birth 
defect requiring surgical intervention for sur-
vival, children’s hospitals in the United States 
have demonstrated marked variation in mortality 
for congenital heart surgery patients [ 43 ,  49 ,  50 ]. 
The group’s fi rst study revealed a negative asso-
ciation between BSN nurse characteristics, RN 
skill mix, RN staffi ng, or Magnet® recognition to 
pediatric outcomes [ 43 ]. These fi ndings led to an 
examination of nursing and organizational fac-
tors not publically available that may have a pro-
tective effect on pediatric mortality. Using a 
survey methodology, nursing leaders from 43 
free-standing children’s hospitals with active car-
diovascular programs provided detailed demo-
graphic data about their nursing staff members 
[ 47 ]. Highlights of the results are provided 
in Table  21.4 . Data included highest level of 

   Table 21.4    Characteristics of pediatric intensive care 
nurses from 43 centers in free-standing Children’s 
Hospitals in the United States   

 Number  Percent 

  Highest level of education  
 BSN  2,417  71 
 AS  598  18 
 Diploma  139  4 
 MS  153  4 
 PhD  3  <1 
 Other  103  3 
  Years of clinical experience  
 0–2  729  24 
 3–5  855  28 
 6–10  639  21 
 11–15  321  11 
 ≥16  496  16 
  Years of unit experience  
 0–2  1,149  35 
 3–5  888  27 
 6–10  593  18 
 11–15  273  8 
 ≥16  337  10 
  Professional nursing certifi cation  
  a CCRN  557  13 
  b CPN  102  2 

   a American Association of Critical Care Nurses Certifi ed 
Critical Care Registered Nurse 
  b Society of Pediatric Nurses Certifi ed Pediatric Nurse  
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education, years of clinical experience, years of 
critical/intensive care unit (ICU) experience, and 
professional certifi cation. Seventy-one percent of 
the nurses were BSN prepared. The distribution of 
nursing experience included 52 % with less than 5 
years and 48 % with more than 5 years of nursing 
experience; however, 62 % had less than 5 years 
of ICU nursing experience. Fifteen percent of the 
pediatric nurses were professionally certifi ed in 
critical care (13 %) or pediatric  nursing (2 %).

   In their third study, data from the nursing and 
unit characteristics survey were linked to patient 
outcomes using the PHIS [ 51 ]. The Risk 
Adjustment for Congenital Heart Surgery 
(RACHS-1) method was used to adjust for base-
line patient differences in patients <18 years of 
age [ 49 ]. After controlling for baseline patient 
risk of mortality for 20,407 patients, the odds of 
death increased as the institutional percentage of 
pediatric ICU nurses with ≤2 years clinical expe-
rience increased (OR = 1.12 for each 10 % 
increase, p < 0.001). The odds of mortality were 
highest when the percent of RNs with ≤2 years 
clinical experience was ≥20 % (OR 1.30, 
p = 0.05) and ≥25 % (OR 1.52, p = 0.001). The 
odds of death decreased as the institutional per-
centage of critical care nurses with ≥11 years 
clinical experience increased (OR = 0.89, 
p = 0.04), ≥16 years of clinical experience 
increased (OR = 0.82, p = 0.006), and for hospi-
tals participating in national quality metric 

benchmarking (OR = 0.61, p < 0.001). Years of 
clinical experience was independently associated 
with in-hospital mortality (Table  21.5 ).

   The third study also revealed for the fi rst time 
higher levels of experience and education in the 
pediatric critical care nursing workforce are asso-
ciated with fewer patient deaths. The identifi ca-
tion of a cut point of ≥20 % inexperience nursing 
staff is associated with increased mortality may 
now be considered in discussions of nurse  staffi ng 
and fi nances among nurse leaders, hospital exec-
utives, and policy makers. An additional fi nding 
was critical care units that contribute data to 
national quality metric registries were associated 
with reduced mortality. Future research is 
required to determine other pediatric nursing and 
organizational factors that may have a protective 
effect on mortality for critically ill patients. 
Although this study involves secondary analysis 
of a large database with broad representation of 
children’s hospitals in the United States, it should 
be replicated in other populations such as non- 
cardiac pediatric and adult populations to deter-
mine generalizability in general hospitals.  

    Improving Patient Safety 
with the Red Zone Medication Safety 
Initiative 

 The incidence of medication errors remains a 
concern across the spectrum of healthcare. In 
hospitals, errors are common during every step of 
the medication process from prescription to prep-
aration to administration; however, they occur 
most frequently during the prescription and 
administration stages. When all types of errors 
are taken into account, a hospitalized patient can 
expect on average to be subjected to more than 
one medication error each day. However, sub-
stantial variations in error rates are found across 
facilities [ 52 ]. The causes of medication errors 
have been well documented with many studies 
highlighting relationships involving structure and 
process of care [ 52 – 59 ]. Nursing studies have 
identifi ed antecedents of medication errors 
including unit environment, communication, 
distractions, RN hours, and level of expertise 
[ 52 – 54 ,  56 ,  57 ,  60 – 62 ]. 

   Table 21.5    Signifi cant relationships between nursing 
and organizational variables and in-hospital mortality 
congenital heart surgery patients in the United States   

 RACHS-1 risk adjusted 

 Odds ratio  P value 

  Education  
 % RNs with BSN or higher  0.91  0.02 
  Specialty certifi cation  
 % RNs with CCRN  0.93  0.06 
  Clinical experience  
  a % RNs with ≤ 2 years.  1.12  <0.001 
 % RNs with ≥ 11 years.  0.89  0.04 
 % RNs with ≥ 16 years.  0.82  0.006 
  Quality metrics  ( national )  0.61  <0.001 

   a ≥20 % of RNs have ≤ 2 years experience and the odds 
ratio of in-hospital mortality is 1.30 (P = 0.05) 
 ≥25 % of RNs have ≤ 2 years experience and the odds 
ratio of in-hospital morality is 1.52 (P = <0.001)  
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 Although preventing the cause of these errors 
is challenging, approaches to averting medication 
errors and implementing a culture of safety are 
key foci for most institutions. Many healthcare orga-
nizations have developed and initiated Red Zone 
Principles in an effort to reduce institution- wide 
medication error and emphasize organizational 
commitment to safe medication administration. 
The overriding belief of the Red Zone strategy is 
safety needs to be a priority and valued at an organi-
zational level; overstimulation and distraction affects 
the precision with which the nurse is able to per-
form his or her job thus leading to medication errors 
[ 63 ]. Focus on teamwork, communication, and 
empowerment of staff support the guiding princi-
ples [ 64 ]. These principles have been operational-
ized in a number of ways depending on clinical 
structure and processes of care. For some units, 
eliminating all communication, interruptions, or dis-
traction from staff, patients, and other health care 
team members at the time of medication preparation 
or administration has been appropriate [ 63 ,  64 ]. 
Others have developed a safety checklist for medica-
tion preparation and administration [ 63 ]. Some insti-
tutions have designated “Red Zone” areas in the unit 
or practice area with painting red boxes, hanging 
alert signs, or wearing alert vests and/or hats [ 63 ]. 

 At Boston Children’s Hospital, in the spring 
2010, a multidisciplinary steering committee 
launched the Red Zone Medication Safety 
Initiative in the inpatient cardiovascular and criti-
cal care areas. Using Six Sigma and Change 
Acceleration Process frameworks, a baseline 
assessment of the number and type of medication 
events was reviewed. A key driver diagram was 
developed to guide the initiative (Fig.  21.4 ). For 
each area, a unit level Red Zone Ambassador 
team was convened to champion the Red Zone 
Principles. The Cardiac Intensive Care Unit 
(CICU) served as the demonstration site.

   Since implementation of the Red Zone, all inpa-
tient cardiovascular and critical care areas have 
experienced a sustained decrease in number of 
reported events from 2009 to 2013 (Figs.  21.5 ,  21.6 , 
and  21.7 ). Rolling averages of reported medication 
events per month in the CICU provide an overall 
picture of the decrease in medication events over 
time (Fig.  21.6 ). Figure  21.7  depicts individual 
medication events per month in CICU as raw data 
points and indicates a decline in reported events. 
Overall, the areas experienced an average decrease 
in reported events of 61 %, with the cardiac inten-
sive care unit experiencing a 68 % decrease. Unit 
level ambassador teams continue to report success 

The red zone key driver diagram

Change strategies Key drivers Outcome

Develop core presentation
of reclaiming our priorities
as nurses- delivering safe
care- basic understanding

will give medications
correctly

Identify unit members for
each patient care area who
will serve as ambassadors

of medication safety

Unit-based initiative will be
implemented focusing on

adverting medication errors

Reengage the team of
medication safety practices

currently implemented

Recognize the barriers of
practicing in a logistically

different unit or acute care
floor

Reclaim the nursing practice
of medication administration

AIM:
In 12 months, to reduce

occurrence of medication
errors, develop and

implement a measurable
and sustainable hospital-wide

practice of medication
safety

  Fig. 21.4    Red Zone Medication Safety Initiative       
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with the implementation of the Red Zone initiative 
in terms of feasibility and sustainability.

         Rescuing Patients Using 
the Children’s Hospital Early Warning 
Score (CHEWS) 

 Pediatric cardiovascular patients have a higher 
incidence of cardiopulmonary arrests than other 

pediatric patients, with arrhythmias accounting for 
41 % of these arrests [ 65 – 67 ]. Of the children that 
do experience an arrest, cardiac patients are 
younger than non-cardiac patients, with more than 
three-quarters <1 year of age compared to only 
one-third of non-cardiac patients [ 68 ]. In addition, 
cardiac patients have higher rates of preexisting 
arrhythmias and congestive heart failure but fewer 
co-morbidities than non-cardiac patients [ 68 ]. 
Children with congenital heart defects also have 
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baseline signs and symptoms, such as cyanosis, 
which are atypical of other pediatric populations. 

 The Pediatric Early Warning Score (PEWS) 
was developed in 2005, and subsequently 
 validated in a large cohort of pediatric medical 
patients. The PEWS score is calculated from 
three domains of assessment:
•    neuro/behavior,  
•   cardiovascular, and  
•   respiratory.    

 Each domain is scored on a scale of 0–3 with 
“3” representing the most concerning symp-
toms. Boston Children’s Hospital adopted a 
modifi ed PEWS with two additional domains: 
“staff concern” and “family concern.” Nurses 
calculate scores during assessment of the vital 
signs of patients. Given the success of this tool 
on general medical and surgical inpatient units, 
the tool was piloted on the inpatient cardiovas-
cular unit for 24 h. During the pilot, scores were 
compared to the assessment of clinicians and 
the clinical courses of patients. Surprisingly, the 
tool scored too low for patients who were 
acutely deteriorating and did not appropriately 
identify cardiovascular patients at risk. Expert 
cardiovascular nurses examined the variables in 
each domain and revised the tool to be more 
aligned with baseline and worsening signs and 

symptoms of children with cardiovascular 
 disease. The new tool was named, the Cardiac 
Children’s Hospital Early Warning Score 
(C-CHEWS). In September 2009, C-CHEWS 
was implemented on the inpatient cardiovascu-
lar unit (Table  21.6 ) [ 69 ]. Nurses complete the 
C-CHEWS in less than 10 s and document the 
score in the patient’s record. The score is then 
displayed on the unit’s patient census. The next 
step was to obtain approval from the institu-
tion’s internal review board to conduct formal 
validity testing of the C-CHEWS in the pediat-
ric cardiac patient population. The C-CHEWS 
was found to have excellent discrimination and 
performed substantially better than the PEWS 
for identifying clinical deterioration in children 
with cardiac disease (Fig.  21.8 ). When com-
pared to the PEWS on the Escalation of Care 
Algorithm cut points, the C-CHEWS was found 
to have a higher sensitivity [ 70 ]. The C-CHEWS 
should help identify cardiac patients at risk for 
critical events and support clinicians in initiat-
ing escalation of care to prevent cardiopulmo-
nary arrests in cardiac patients. Development of 
the C-CHEWS has improved safety for cardio-
vascular patients and increased support for car-
diovascular clinicians to take action when a 
patient begins to deteriorate.
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        Measuring the Complexity 
and Autonomy of Nursing Care 
in the Pediatric Cardiac Intensive 
Care Unit Using the Complexity 
Assessment & Monitoring to Ensure 
Optimal Outcomes (CAMEO) 

 Despite advances in practice, pediatric critical 
care nurses have been challenged to design a 
model for the future of healthcare that truly cap-
tures the skills required to deliver comprehensive 
patient care. Prior efforts to create a model have 
produced tools that quantify nursing workload, 
intensity, and resource allocation in adult inten-
sive care units. Unfortunately, none of these tools 
capture the current scope and complexity of nurs-
ing practice required of pediatric critical care 
nurses. Information technology provides a means 

to track and quantify nursing skills and workload, 
advance the nursing profession, and improve the 
outcomes of patients. 

 In 2009, efforts began in the Boston Children’s 
Hospital pediatric cardiac critical care unit to 
develop a tool that could qualify and quantify the 
complex assessment, monitoring, and therapeutic 
interventions performed by nurses caring for 
these patients. An expert panel of cardiac nurse 
clinicians used Delphi methodology to develop a 
detailed description of the autonomous nature 
and comprehensive nursing management required 
for a complex pediatric cardiac population. The 
result is a tool called CAMEO:  C omplexity 
 A ssessment &  M onitoring to  E nsure Optimal 
 O utcomes. 

 CAMEO monitors nursing activity in 19 
domains of care (Table  21.7 ). Each domain 
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  Fig. 21.8    Area under the 
receiver operating character-
istic curve for Cardiac 
Children’s Hospital Early 
Warning Score (C-CHEWS) 
and Pediatric Early Warning 
Score (PEWS) tools       

   Table 21.7    Complexity Assessment & Monitoring to Ensure Optimal Outcomes (CAMEO) domains of care   

  1. Monitoring  12. Resuscitation 
  2.  Intermittent medications  13. Self Care 
  3.  Vasoactive IV medications  14. Tube care 
  4.  Continuous IV medications  15.  Transfer/admissions/transport 
  5. Ventilatory support  16.  Teaching/anticipatory guidance to patient/family 
  6. Dialysis  17.  Assessment of anxiety/coping/mood/family adjustment 
  7.  Interventions within the CICU  18. Infection control 
  8.  Management within the CICU  19. Indirect/miscellaneous 
  9.  Monitoring within the CICU 
 10. Phlebotomy 
 11.  Procedures within the CICU 
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 contains specifi c items of care, scored from basic 
to complex. To obtain a score, each activity is 
given a cognitive complexity value based on a 
scale from 1–5. The total score is calculated 
across the 19 domains of care and then ranked 
according to the fi ve classifi cations for complex-
ity of care (Table  21.8 ).

    To test the nursing CAMEO tool, information 
was gathered on 75 patients, ages 1 day to 47 
years, who were admitted to the CICU for surgi-
cal recovery (86 %) and/or medical intervention 
(14 %). The data showed the majority of patient 

care activities involved complicated elements. 
Standard intensive care monitoring of <1 h was 
reported in 42 % of patients. Vasoactive intrave-
nous medication requiring titration was noted in 
78 % patients. Ventilated patients (72 %) required 
a number of interventions to maintain airway 
patency and acid-base balance as well as to 
achieve weaning goals. 

 Additional nursing activities were identifi ed 
and tracked, including teaching and anticipatory 
guidance to patients and families, as well as coor-
dination of services such as social work, case 
management, interpreter services, and clergy. 
Precepting new staff, quality monitoring, collec-
tion of data for research, clinical management 
plans, and other regulatory documentation, were 
identifi ed as well. Among the 75 patients, 80 % 
were ranked as Class III or IV, with 7 % ranked as 
Class V (Fig.  21.9 ).

   Now, the CAMEO tool is moving from “proof 
of concept” to daily practice in the pediatric 
CICU. Twice each day, the CAMEO is completed 
electronically to provide front line nursing staff 
with the ability to quantify nursing care based on 
the cognitive complexity required to maintain 
safe care practices and promote optimal healing. 
This real-time quantifi cation of nursing resource 
use and benchmarking validates the workload of 
bedside clinicians and supports administrative 
leaders seeking to justify appropriate allocation 
of clinical resources.  

    Pressure Ulcer Prevention using 
the Standardized Clinical Assessment 
and Management Plan (SCAMPs) 
Methodology 

 Limited evidence exists about the development 
of pressure ulcers in pediatric patients as com-
pared to adults. Evidence suggests pediatric 
patients are vulnerable to a variety of skin prob-
lems including skin tears, incontinence- 
associated dermatitis, epidermal stripping related 
to tape, and extravasation of intravenous fl uid or 
medications infused peripherally [ 71 ]. The 
potential to develop serious iatrogenic injury 
related to hospital-acquired pressure ulcers may 

   Table 21.8    Complexity Assessment & Monitoring to 
Ensure Optimal Outcomes (CAMEO) classifi cations   

 I  Intensive care nursing assessment and 
management are focused on de-intensifying 
patient 
 Patient is hemodynamically stable 
 Patient does not require invasive hemodynamic 
monitoring 
 The patient is near transfer to a lower level of care 

 II  Intensive care nursing assessment and 
management are required to maintain goal 
hemodynamics 
 Patient is hemodynamically stable and is expected 
to remain stable or improve 
 Patient may require invasive hemodynamic 
monitoring with noninvasive ventilatory support 

 III  Intensive care nursing assessment and 
management are required to maintain goal 
hemodynamics 
 Patient is hemodynamically stable and is expected 
to remain stable or improve 
 Patient requires invasive hemodynamic 
monitoring with invasive ventilatory support 
 Respiratory support is stable or de-escalating 

 IV  Intensive care nursing assessment, management 
and frequent interventions are required to 
maintain goal hemodynamics 
 Patient is hemodynamically unstable 
 Patient requires vasoactive infusions, invasive 
ventilatory support and advanced hemodynamic 
monitoring 

 V  Intensive care nursing management, assessment 
and frequent interventions are required to 
maintain goal hemodynamics 
 Patient is hemodynamically unstable and outcome 
is uncertain 
 Patient requires vasoactive infusions, invasive 
ventilatory support, advanced hemodynamic 
monitoring and mechanical support therapy 
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go unrecognized or underrated, especially in 
pediatric populations that have been minimally 
studied. The risk factors related to the develop-
ment of pressure ulcers in the children with con-
genital cardiac disease are largely unknown [ 72 ]. 

 In October 2010, an expert panel of 13 nurses 
including leaders, bedside staff, and nurse scien-
tists from across the cardiovascular program was 
convened to develop a Pressure Ulcer Prevention 
(PUP) Standardized Clinical Assessment and 
Management Plan (SCAMP). The key objective 
of the PUP SCAMP was to standardize practices 
to maintain skin integrity and improve the overall 
quality of care. Using a consensus model, key 
components of the SCAMP were developed. 
These included a background paper establishing 
the state of the evidence about the patient popula-
tion, identifi cation of 12 plausible fi ndings to 
support the evaluation of the SCAMP, develop-
ment of an enrollment form identifying inclusion 
and exclusion criteria, a decision tree, and the 
data collection form. In May of 2011, the PUP 
SCAMP, with data collection, was initiated. Data 
were collected on the 674 patients that met inclu-
sion criteria during the 1 year time period. Thirty 
patients developed a pressure ulcer. Among the 
30 cases, 21 (70 %) of the ulcers were deemed 
device related. Also of note, all cases had 

 undergone a complex surgical intervention and 
80 % of the ulcers were identifi ed within the fi rst 
7 post- operative days. 

 Further work to prevent harm will include an 
examination to identify independent factors asso-
ciated with the development of pressure ulcers in 
pediatric cardiac surgical patients.  

    Future Directions for Building 
the Science 

 The future of nursing is clear in the need to func-
tion to the full extent of education and scope of 
practice. Nurses are critical to the surveillance, 
coordination, and communication that ensure 
patient safety and optimal outcomes. Achieving 
high quality care occurs through an evidence 
driven practice. Use of technology, collaboration, 
and benchmarking (both internally and exter-
nally) are important to developing and sustaining 
an evidence driven practice. Opportunities in all 
three areas are becoming increasingly available 
to the fi eld, providing a means to track and quan-
tify nursing skills and workload, advance the 
nursing profession, and improve the outcomes of 
patients. Now more than ever, nurses must lead 
with evidence to advance the practice and science 
of pediatric cardiovascular nursing.      
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        Background 

 The critical importance of having a nomencla-
ture in any fi eld in which data is being collected 
is foundational to being able to progress within 
that fi eld of study and practice. The lack of a 
cohesive and comprehensive dictionary of terms 

prevents adequate communication, including 
communication among:
•    those capturing the data,  
•   those analyzing the data,  
•   those interpreting and acting on the results, and  
•   those trying to improve quality after data 

analysis.    
 The fi eld of pediatric and congenital cardiol-

ogy and cardiac surgery not only has adhered to 
that understanding, but also has actually been 
quite active in creating working nomenclatures 
for decades. Pediatric and congenital cardiology 
as a fi eld has needed to work harder to aggregate 
its data because unlike adult cardiology, in which 
there is a multitude of patients with very few 
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overall diseases—essentially narrow but deep—
this unique patient population of patients with 
pediatric and congenital cardiac disease is the 
exact opposite; it is wide but shallow, such that 
there are few patients with a wide variety of dis-
eases. The limited numbers of patients with like 
diseases and like interventions make it diffi cult to 
be able to advance the fi eld with case studies, 
case series, and small collaborative studies, 
which has comprised the fi rst iteration of the 
medical literature in this discipline. Thus, pediat-
ric cardiologists and cardiac surgeons have 
aggressively attempted to solve this initial 
dilemma—so much so, that in 2000, two differ-
ent major international systems of nomenclature 
emerged. Despite the problems inherent to the 
creation of two independent major international 
systems of nomenclature, specifi cally from the 
van Praagh-based [ 1 ]  and the Anderson-based 
[ 2 ] groups, there have been great strides made in 
the harmonization of these two sets into one 
cross-linked dataset, the International Paediatric 
and Congenital Cardiac Code (IPCCC) [ 3 ,  4 ]. It 
is interesting to note that the IPCCC started out 
as a list of data elements without specifi c defi ni-
tions, and now continues to undergo refi nement 
to construct the actual data dictionary that con-
sists of elements, defi nitions, images, and videos. 
Although clearly leading to a major advance in 
the standardization of nomenclature for pediatric 
and congenital cardiac care, this approach may 
have caused some diffi culties, in that the terms 
were approved prior to linking them with defi ni-
tions, which could lead to backtracking in how 
some of the terms are used. As described else-
where in this book (in the chapter by Franklin 
and colleagues titled:  Nomenclature for 
Congenital and Pediatric Cardiac Disease  :  
 Historical Perspectives and the International 
Pediatric and Congenital Cardiac Code ), the 
IPCCC is a living and breathing international 
system of nomenclature that continues to evolve 
and improve. 

 However, the existence of a data dictionary 
does not guarantee its appropriate, consistent, 
and widespread utilization; its presence is only 
the fi rst step. Despite the explosion in informa-
tion sharing and transfer, individual, institutional, 

and regional habits have often persisted in 
 preventing uniform use of terms and defi nitions. 
Meanwhile, as research in congenital cardiac 
care becomes increasingly collaborative and 
based across multiple centers, maintenance of 
consistency of a “lingua franca” not only for use 
within individual studies, but also for use across 
multiple studies to be able to further combine 
data, becomes even more imperative. This sce-
nario has led to many local or study-specifi c data-
sets being created for either individual studies or 
a specifi c series of studies. However, these datas-
ets may or may not harmonize with any other 
terms and defi nitions within the National Library 
of Medicine or the Systematized Nomenclature 
of Medicine (SNOMED). It is interesting to note 
that despite these multiple smaller datasets and 
research initiatives, the larger effort of The 
Society of Thoracic Surgeons (STS) in utilizing 
the IPCCC has been able to mobilize and to 
leverage much larger amounts of data on a wider 
scale in order to achieve the greater order of mag-
nitude research required to be able to
•    assess overall surgical outcomes [ 5 ],  
•   validate models of the assessment of risk [ 6 ], and  
•   demonstrate variation amongst institutions [ 7 ] 

in congenital cardiac surgery, cardiac anesthe-
sia, and cardiac intensive care, including 
 performance of “deep dives” into the database 
to parse specifi c demographic aspects of 
patients [ 8 ].     

    The American College of Cardiology 
Foundation (ACCF) and the 
American Heart Association (AHA) 
Task Force on Data Standards 

 The American College of Cardiology Foundation 
(ACCF) and the American Heart Association 
(AHA) took some initial steps in this domain by 
creating their Task Force on Data Standards in 
2000, with their fi rst publication in 2001 address-
ing the key data elements and defi nitions for 
measuring the clinical management and out-
comes of patients with acute coronary syndromes 
[ 9 ]. Their approach was to create core data dic-
tionaries for specifi c cardiac processes, with 
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 subsequent data elements and defi nitions for top-
ics such as
•    atrial fi brillation [ 10 ],  
•   chronic congestive heart failure [ 11 ],  
•   electrophysiology [ 12 ],  
•   cardiac imaging [ 13 ], and  
•   peripheral atherosclerotic vascular disease [ 14 ].    

 Of note, they have recently created an 
updated version of their fi rst set of data ele-
ments and defi nitions for measuring the clinical 
management and outcomes of patients with 
acute coronary syndromes and coronary artery 
disease [ 15 ] . 

 One of the later projects of the ACCF/AHA 
Task Force on Data Standards was to create data 
standards for the electronic health record. This 
approach was taken with the hope of standardiz-
ing how data was collected for and by means of 
the electronic health record and, eventually, how 
the electronic health record could be used for 
larger scale aggregation of data once health infor-
mation exchanges were available. The fi rst docu-
ment addressing the electronic health record was 
aimed toward “cardiology”, and was expected to 
be appropriate for both adult and pediatric 
patients and their practitioners [ 16 ]. It became 
evident, though, that the needs and interests of 
adult practitioners and those of pediatric and con-
genital practitioners were quite disparate and had 
little overlap. Thus, although the authors of this 
fi rst document addressing the electronic health 
record included a pediatric cardiologist and a 
pediatric cardiac surgeon, the leadership of the 
Task Force agreed that a separate document for 
pediatric and congenital cardiac care was neces-
sary in order to fully encompass the needs of this 
group. 

 The approach to this new document has been 
relatively straightforward. Pediatric and congeni-
tal cardiology was arbitrarily divided into multi-
ple sections, or domains, that represented the 
various disciplines within cardiology and cardiac 
surgery. These included:
    1.    nomenclature,   
   2.    ambulatory cardiology,   
   3.    echocardiography,   
   4.    cardiac catheterization,   
   5.    physiology,   

   6.    electrophysiology,   
   7.    fetal cardiology,   
   8.    adult congenital heart disease,   
   9.    cardiac surgery,   
   10.    cardiac anesthesia,   
   11.    cardiac intensive care,   
   12.    cardiac magnetic resonance imaging,   
   13.    research,   
   14.    cardiac pathology, and   
   15.    extracorporeal life support and perfusion.     

 Many, though not all, of these disciplines had 
already established their own data dictionaries 
that had been harmonized with the IPCCC. It was 
also decided that the terminology associated with 
cardiac pathology was already represented within 
the nomenclature section, was redundant, and 
was thus eliminated. Each of these domains 
would be the subjects of their own individual, but 
harmonized, data dictionaries. The project would 
be introduced with a “white paper” describing 
the aims of the Task Force and the Writing 
Committee, including
•    setting forth the domains and  
•   having a brief description, within each domain, 

of the known datasets that could be subse-
quently used as a starting point for creation of 
the various datasets in subsequent papers to be 
associated with each domain.    
 Known datasets created for outside collabora-

tive studies would be reviewed for consideration 
of inclusion, either in part or in whole, in the larger 
dataset; many of these datasets were incomplete 
for these domains, as they were built for the specif-
ics of their individual projects. Finally, the project 
was opened to invite collaboration with various 
other surgical and medical groups and societies as 
stakeholders that would have an interest in work-
ing with this group. These collaborating organiza-
tions included:
•    The American Academy of Pediatrics (AAP),  
•   The Association for European Paediatric and 

Congenital Cardiology (AEPC),  
•   The Society of Thoracic Surgeons (STS),  
•   The Congenital Heart Surgeons’ Society 

(CHSS),  
•   The International Society for Nomenclature of 

Paediatric and Congenital Heart Disease 
(ISNPCHD), and  
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•   The Child Health Corporation of America 
(CHCA) and The National Association of 
Children’s Hospitals and Related Institutions 
(NACHRI), which have now combined to 
become The Children’s Hospital Association.    
 Through the American College of Cardiology 

Foundation and American Heart Association 
Task Force for Data Standards procedures, the 
review process for the dataset is multi-tiered. 
The fi rst level of assessment is performed by the 
members of the writing committee. Once 
approved at that level, it moves on for evaluation 
by the ACCF/AHA Task Force on Data Standards. 
After their endorsement, it is then evaluated by 
the Board of Trustees. Afterwards, it is then 
released for evaluation by the partnering 
 organizations. Finally, it is opened up for a period 
of public comment, allowing for multiple experts 
in various domains to be able to help to further 
sculpt and to improve the elements and defi ni-
tions in a systematic and repetitive basis. All 
comments from all levels at each stage are 
addressed by the writing committee chairman, 
either by incorporation into the dataset, or by a 
rebuttal as to why the recommendation would not 
be appropriate. 

 For completeness in transparency, all mem-
bers of the writing committee as well as the task 
force are required to declare any relationships 
with industry that may be perceived to or may 
actually be interpreted as infl uencing the content 
of the dataset. Between the multiple reviewers 
and the transparency, these features offer a strin-
gency that many other organizations attempting 
to create similar works for widespread use have 
elected not to employ. 

 Thus, using these procedures and guidelines, 
the working group pressed forward with their 
work as defi ned. However, late during the formu-
lation of the rough draft of the manuscript related 
to pediatric and congenital cardiac care, the lead-
ership of the ACCF/AHA Task Force on Data 
Standards decided that, since prior publications 
by these groups had not included a white paper, 
this paper should also follow previous form and 
not stand alone as a white paper only. After some 
further discussion and negotiation, the Task Force 
approved the decision to both continue the 

 original plan with the white paper in combination 
with at least one dataset, such that at least one 
dataset could be put forward along with the docu-
ment related to pediatric and congenital cardiac 
care. The dataset for ambulatory cardiology was 
submitted, as a group of data elements that had 
been assembled independently prior to the incep-
tion of this project by Jeffrey Boris, MD. These 
elements of data were mapped to SNOMED and 
reviewed by the writing committee as well as the 
Task Force, plus representatives from each affi li-
ate and partner organization. One problem that 
immediately surfaced was that the mapped terms 
arose from the National Cancer Institute 
Enterprise Vocabulary Services data dictionary, 
which was created by non-cardiologists and non- 
cardiac surgeons. This challenge led to two spe-
cifi c concerns:
•    lack of a complete set of defi nitions to which 

to map the terms, and  
•   extant defi nitions that were not actually accu-

rately defi ned for the needs of the community 
of pediatric and congenital cardiac care.    
 Therefore, at the time of this writing, extensive 

revision of the defi nitions of the dataset continues. 
However, as part of the revision, harmonization 
with the National Cancer Institute data dictionary 
will also improve this larger, non- cardiac diction-
ary (that is maintained by the National Cancer 
Institute) with more accurate and complete defi ni-
tions for the terminology.  

    Vision for the Future 

 These documents are created so that they will be 
utilized widely across the spectrum of pediatric 
and congenital cardiac care. The eventual plan 
after creating these documents is to submit these 
documents to the Health Information Technology 
Standards Panel (HITSP) to be reviewed and 
accepted. Once accepted, it would be then sub-
mitted to the Certifi cation Commission for Health 
Information Technology (CCHIT). The CCHIT 
would ensure that the various vendors of the elec-
tronic health record would have access to these 
data dictionaries, and would be required to 
employ them in upgraded versions of their 
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 products in order to maintain CCHIT  certifi cation. 
This way, the same dataset would be both widely 
available and widely utilized by those vendors in 
disparate electronic health records. 

 As mentioned, the overall strategy in pushing 
these datasets forward for general use is to allow 
multiple specialists and sub-specialists to be able 
to use same structured data in their documenta-
tion as well as for capture of data, such that these 
data can be combined across institutions, both 
academic and private. At fi rst, the expectation is 
that these data will be used in conjunction with 
envisioned Health Information Exchanges, enti-
ties that will allow for transfer of information 
about patients across various institutions, such 
that patients will have seamless communication 
among their various providers of healthcare as 
they enter healthcare from any point of access. 
The downstream hope, though, will be the ability 
to utilize these data for greater clinical research 
to improve outcomes for these patients. The com-
bination of these data would then be able to then 
be used to better understand the multiple aspects 
of cardiac care across the various domains. This 
accomplishment will then allow for improved 
quality of care, as both cross-sectional and longi-
tudinal acquisition of data can be parsed for fi nd-
ings that will provide not only better care in the 
short term but also allow for better prediction and 
prognosis for patients and their families. The 
hope is to build upon the extensive work per-
formed by the ISNPCHD, harmonize with it, and 
extend it beyond the initial limitations of cardiac 
care in the operating room, the intensive care 
unit, the catheterization laboratory, and the anes-
thesiologist’s place at the head of the table in the 
operating room. Most recently, the Data Standards 
Workgroup of the National Cardiovascular 
Research Infrastructure (NCRI) project has been 
taking a larger lead on this approach, and has 
published their latest list of standardized cardio-
vascular data [ 17 ]. Per their document, it is to be 
used for patient care, as well as clinical research 
and registries. They state that the NCRI was cre-
ated to make a standardized data exchange in the 
area above, as well as for the electronic health 
record. They collaborated with the Clinical Data 
Interchange Standards Consortium and Health 

Level Seven International, plus the National 
Cancer Institute Enterprise Vocabulary Services. 
They started with 353 elements, the majority of 
which are not utilized by or are not important to 
practitioners or researchers in pediatric or con-
genital cardiac care. However, several terms exist 
that are specifi c congenital cardiac terms, though 
some may or may not map to the IPCCC; it is 
interesting to note that, again, no pediatric cardi-
ologists and no pediatric cardiac surgeons were 
involved in the creation of this document. Thus, 
as the Universal Pediatric Cardiac Dataset con-
tinues through its development, it will also be 
harmonized with the NCRI project, and further 
extend the ability of cardiac caregivers and 
researchers in both the pediatric and adult realms 
to be able to capture data and to be able to work 
together across various platforms within the elec-
tronic health record or across domains of 
research. 

 One fi nal caveat must be kept in mind as this 
pathway is embarked upon. Specifi c research 
databases are curated by personnel specifi cally 
trained in and dedicated to the entry and man-
agement of data, with routine auditing to ensure 
the veracity of those pieces of data entered into 
the data warehouse; however, the electronic 
health record has none of these features. It is 
available for use by personnel often with limited 
training in its utilization, and likely no training in 
ensuring data integrity. These personnel include 
housestaff, nurses, allied health staff, adminis-
trative personnel, and various others. Many of 
these people have previously had only a small 
amount of exposure to electronic health records. 
This situation means that although there may be 
a robust data dictionary available for use and 
programmed into the electronic health record, 
even its very highly reviewed contents and its 
very presence does not guarantee the quality of 
data. This fact is a small but important weakness 
in the ability to rely on the electronic health 
record as a standalone platform for both entry of 
data as well as compilation of data for later use. 
Certain data that are reviewed frequently, or 
those that have been assigned to have associated 
trained personnel for their entry, including such 
fi elds as demographics, are likely to be more 
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accurate sources of information that can be uti-
lized in larger scale research. As well, those data 
that are associated with devices that precisely 
record measurements, such as monitors and infu-
sion pumps, are also likely to be quite accurate. 
However, those data that are manually entered 
by humans with little or no training on single 
occasions are likely to be not routinely trustwor-
thy for use for purposes of research. There are 
fi ve potential methods around this potential 
weakness, however:
•    One is the most obvious, but also the most 

costly – ensure adequate and complete train-
ing of anyone entering information into the 
system.  

•   The correlate to the fi rst potential method is to 
limit those personnel who have access to 
entering information into the electronic health 
record.  

•   A third method is to limit which data is har-
vested such that only those data most likely to 
be accurate can be used.  

•   Utilization of templates that requires the 
answers to specifi c questions with limited 
choices is also an option, although in medi-
cine, one size certainly does not fi t all and it 
would likely be diffi cult to template every-
thing required to obtain a history, physical 
examination, or other piece of documentation 
for care of the patient. As well, templates of 
that size become quite unwieldy, and lead to 
fatigue of use of the system.  

•   Finally, a newer method of verifying informa-
tion is to link and to combine databases with 
each other, something already done by the 
Society of Thoracic Surgeons [ 18 – 25 ]. This 
last method assumes that the data captured by 
the electronic health record is also available in 
some other database or warehouse that can 
then be used to confi rm the information in 
some way.    
 Once further advanced methods are devised 

that allow larger amounts of data in the electronic 
health record to be verifi ed and collated these 
data standards for the electronic health record, as 
defi ned by the universal pediatric cardiac dataset, 
will be even more valuable.     
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    Abstract  

  The Society of Thoracic Surgeons Congenital Heart Surgery Database 
(STS-CHSD) has served as the primary, externally validated source for 
outcomes from its many participating centers. Because participation is 
voluntary and data are not publically reported, there exists a fundamental 
confl ict with the overwhelming trend toward public reporting in both med-
icine and cardiac surgery. The ethical issues surrounding this confl ict, as 
well as those involved in public reporting of complex congenital heart 
disease in general are described herein. The process by which adult car-
diac surgery has come to initiate public reporting, while an important 
model for future directions in outcome reporting, does not adequately 
address the unique challenges that are faced by the reporting of congenital 
heart surgical outcomes. If these ethical issues are addressed and public 
reporting can be done in a responsible manner, then it should be under-
taken by the leadership of physician-based groups such as the Society of 
Thoracic Surgeons.  
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        Historical Perspective 

 Outcomes analysis for mortality and morbidity 
for congenital heart surgery on a large scale was 
made possible by the development of the Society 
of Thoracic Surgeons Congenital Heart Surgery 
Database (STS-CHSD) [ 1 – 4 ]. The intent of the 
STS-CHSD was to provide a voluntary data bank 
for individual programs to share their own de-
identifi ed data with other programs in the United 
States and Canada for the purpose of self- 
assessment, quality assurance, and quality 
improvement. The original and current agree-
ment between the Society of Thoracic Surgeons 
(STS) and participating programs was designed 
so that the data from an individual institution or 
surgeon is confi dential and is not to be divulged 
as a singular entity by STS. In this agreement, 
each program would input their own data and 
receive a Feedback Report comparing their indi-
vidual local programmatic data to national aggre-
gate data. These Feedback Reports were initially 
distributed every year and are now distributed 
every 6 months. In other words, the data about 
demographics, mortality, and morbidity from an 
individual program is compared with the aggre-
gate data of all participating centers from the 
United States and Canada for each of the various 
procedures, whether they are common or rare. 
With the advent of risk stratifi cation scoring sys-
tems in congenital heart surgery [ 1 – 4 ], an indi-
vidual program can assess its own complexity, 
mortality, and morbidity as they relate to the 
aggregate data from the United States and 
Canada. Of paramount importance to the previ-
ous and current success of this process was the 
strict anonymity it provided to its participants. 
No program could know the identity of any other 
program and, if there were a particular surgeon in 
a group who was underperforming, only that par-
ticular group or program would know. 

 There has been increasing pressure to report 
these data to patients and families of patients, 
other programs, the news media, governmental 
bureaus, third party payers, and the like. The 
tenet of “raising all the boats in the harbor” is 
operationalized when underperforming programs 
are alerted and voluntarily make plans to improve 

their outcomes. At the time of inception of the 
STS-CHSD, there was no detailed long-term plan 
to participate in public reporting. For some, con-
cern existed that the data could be skewed and 
misinterpreted by the public. 

 Like most established tenets, rules, and consti-
tutions, change occurs; and in some cases, it 
occurs rapidly. The movement towards public 
reporting, participation in governmental data-
bases, and long-term outcomes research has 
driven the initial agreements concerning the data-
base to evolve. Already, the STS is exploring the 
methods that will allow public reporting to move 
forward in an organized and appropriate manner. 
The STS Adult Cardiac Surgery Database has 
recently operationalized Public Reporting. These 
new trends raise ethical issues that require dis-
cussion and analysis.  

    The Ethical Issues 

 Any exegesis of ethical considerations must 
address the four cardinal ethical principles, which 
include respect for patient autonomy, benefi -
cence, non-malfeasance, and justice. These terms 
have been extensively described and defi ned and, 
while it is beyond the scope of this chapter to 
defi ne these terms extensively, a basic review will 
serve to illustrate how these core principles relate 
to the issue at hand. Respect for patient auton-
omy is self-explanatory, but such respect is often 
challenging in the physician patient relationship. 
Benefi cence and non-malfeasance seem to be 
two sides to the same coin. But while doing good 
and not doing harm are apparently logically 
equivalent, they are very much separate in the 
physician patient relationship—a relationship 
that often calls for doing harm (i.e., surgery) for a 
patient’s health. As such, consideration of each is 
necessary and challenging in different ways. 
Justice has been a term fraught with controversy 
since Plato’s  Republic , and likely before. A com-
prehensive defi nition remains illusory. For ethi-
cal considerations, issues such as health policy, 
economics, health spending discrepancies, avail-
ability to healthcare, and ensuring consistency of 
care are but a few of the myriad considerations 
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for this multifaceted principle. Indeed, perhaps 
the only thing more diffi cult than defi ning the 
cardinal ethical principles is properly delineating 
the jurisdiction and limits of one versus another. 
Such a distinction will not be attempted herein. 
Suffi ce it to say, most of these principles are 
instantiated in the issues that are raised, and it is 
far less important to understand where an indi-
vidual issue is pertinent than it is to use these 
principles to engage properly the proceeding 
ethical problems with outcomes analysis. 

 The root of most of the ethical issues involved 
with outcomes analysis and quality assurance is 
simple: what does one do with the information 
obtained? As mentioned previously, one of the 
founding principles of the STS-CHSD is to serve 
as a de-identifi ed and voluntary exchange of 
information to benefi t all centers; its purpose, at 
least from its outset, is not to identify individual 
programs that are underperforming in a public 
setting. Rather, the programs are expected to 
make voluntary changes to improve their out-
comes relative to other sites, with the database 
serving as a benchmark by which it is judged. 
Three main dilemmas and questions emerge from 
such a system: (1) how are programs incentivized 
to improve their quality metrics relative to other 
programs? (2) what, if any, role does the govern-
ing body and those with access to all data have in 
forcing programs to change? (3) who is respon-
sible for revealing subpar performance to patients 
or potential patients in a given hospital’s 
jurisdiction? 

 These issues highlight the divide between the 
legal contract that exists among programs enter-
ing the STS-CHSD (that data are to be used to 
improve outcomes) and the lack of punitive mea-
sures in place for those programs that do not or 
cannot improve their subpar outcomes. This dis-
connect begs the question of why there are no 
punitive measures in place, but what would such 
punitive measures resemble? The obvious choice 
would be to identify those programs to an audi-
ence of their peers (i.e., other programs in the 
STS-CHSD), or even to the public at large. 

 Because there is no requirement that programs 
participate, the threat of public reporting or 
humiliation among peers might be enough for 

programs to cease participation. The statistical 
power and legitimacy of the database would suf-
fer as a result, and the purpose of the database 
(i.e., to compare, standardize, and improve out-
comes) would be threatened. The moral hazard 
thus presented is one of preserving the purpose of 
the database and allowing complacent or delin-
quent programs to put patients at risk relative to 
other programs to preserve the overall mission 
that, in time, might benefi t more patients in the 
long term because of maintenance of broad par-
ticipation of multiple institutions. If it can be 
assumed that programs will always reform them-
selves when presented with fi ndings from the 
database that demonstrate relatively poor perfor-
mance, then perhaps the STS-CHSD does not 
need any such measures to enforce quality pro-
gression and improvement. 

 If it cannot be assumed that programs will 
reform themselves, and if universal participation 
requires that programs not be censured or 
revealed for their substandard performance, then 
who has the authority to enforce quality improve-
ment or to standardize outcomes where dispari-
ties exist? Such authority can lie with the 
physicians/surgeons who oversee the STS- 
CHSD, those who analyze the results, and the 
STS as a professional medical society. The STS 
and its leadership can identify which programs 
are underperforming, to what degree they are 
underperforming and, specifi cally if there are 
major discrepancies in surgical outcomes among 
participating programs that serve the same geo-
graphic areas. For example, what if program A 
and program B from the same geographic area 
register Norwood mortalities of 5 and 50 %, 
respectively? Do the physicians/surgeons in 
charge of the STS-CHSD have moral responsibil-
ity to the patients in the area, even though they 
are governed by secrecy according to the work-
ing relationship between the STS and the partici-
pating programs? In other words, does moral 
authority trump the black letter law/positive law/
agreements that have been established by con-
tracts and written accords? If asked by a patient/
parent about any underperforming program, is 
the STS or its physician leadership required to 
divulge privileged information or is the 
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 organization required to remain silent and to 
choose the supposed greater good based on the 
agreements that they should remain silent on the 
issues? 

 Even aligning the two sides of this moral 
dilemma with major debates in the history of eth-
ics proves challenging. While the main issue is 
one of deontological (duty-based) versus utilitar-
ian (doing the most good for the greatest number) 
ethics, the group to whom the STS leadership is 
duty-bound and the uncertainty of how to achieve 
the greater good for the greatest number is prob-
lematic. Is the STS leadership bound by the con-
tract made among its participating members to 
maintain the integrity and statistical power of the 
database by protecting its membership or is it 
bound to individual patients who may be at risk at 
centers with worse outcomes? And if these 
patients are at risk, is the number of patients 
potentially saved by censuring or revealing lesser 
performing centers greater than those potentially 
saved through meticulous and complete data col-
lection to accomplish the stated goal of improv-
ing national outcomes? If one perfunctory 
program is singled out for its lesser outcomes, 
patients will likely travel to a more reputable cen-
ter, where they may or may not receive better 
care. Under such circumstances, programs would 
be less willing to participate in the data collection 
process, and the goals of the STS-CHSD would 
be threatened. 

 In many ways, the moral hazards present in 
outcomes analysis and quality assurance are a 
macrocosm of the ethical issues raised in any 
prospective medical study. In either case, the 
safety and autonomy of patients affected by any 
study needs to be paramount, and the benefi ts of 
continuing the study cannot be outweighed by 
the risks of continuing study participation. The 
difference in outcomes analysis and quality 
assurance studies is that programs, not individual 
patients, are the direct study participants. It is the 
programs, not individual patients, who consent to 
be studied; and these programs expect to benefi t 
from the study’s fi ndings much like patients 
expect to benefi t from a prospective study’s fi nd-
ings. Viewed in this way, any benefi ts that may 
come to patients through outcomes analysis is 

secondary to those that may come to the 
 participating programs. How are we to best navi-
gate these moral hazards?  

    Analogues in Adult Cardiac Surgery 

 The identifi cation of under and over achieving 
was attempted in adult cardiac surgery in the 
early years of public reporting, and many com-
parisons can be drawn from this experience. 
Early attempts were made on the state level, with 
New York State (1990) and, later, Pennsylvania 
(1992) releasing hospital-specifi c raw and risk-
adjusted mortality rates for coronary artery 
bypass grafting (CABG) [ 5 ]. These data served 
as the basis for the Cardiac Surgery Reporting 
System (CSRS) in New York, and were used to 
compare outcomes for hospitals and for individ-
ual surgeons through yearly reports [ 6 ]. Initially 
these reports received considerable publicity by 
demonstrating signifi cant variation among sur-
geons’ mortalities and owing to the reporting of a 
decline in risk-adjusted mortality rates for CABG 
in New York. Such a decline was attributed to the 
advent of the reports, suggesting that public 
reporting improves outcomes [ 7 – 9 ]. 

 The CSRS is not without its critics or its fl aws, 
and it has been the source of controversy since its 
inception. Much has been written regarding the 
various fl aws in the CSRS [ 10 ,  11 ], and the details 
of these arguments are well beyond the scope of 
this chapter. Briefl y, the main grievances that 
scholars and surgeons have with the CSRS is that 
it does not adequately risk-stratify patients, it does 
not adequately stratify for case-mix among sur-
geons, it negatively incentivizes operating on 
sicker patients, its fi ndings are diffi cult to validate 
externally, its endpoints and case classifi cation 
systems have been revised signifi cantly during the 
study periods, and it supposedly prompted a 
change in surgeons’ behavior toward not operat-
ing on sicker patients [ 10 ]. Even the alleged 
decrease in risk-adjusted mortality is not without 
critics. The incidence of fi ve major comorbidities 
(renal failure, chronic obstructive pulmonary dis-
ease, congestive heart failure, unstable angina, 
and low ejection fraction) had staggering increases 
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during the study period (the prevalence of 
 congestive heart failure and renal failure increased 
347 and 600 %, respectively), which were diffi -
cult to explain or interpret [ 12 ]. 

 Were surgeons fi nally reporting the comor-
bidities of their patients accurately or were they 
making their patients seem sicker to increase 
their reported complexity or to misreport a poor 
outcome to a supposedly, but perhaps not genu-
inely, “complex” patient? Such an example is 
characteristic of the Hawthorne Effect, a phe-
nomenon in epidemiology where subjects who 
know they are being studied alter their behavior. 
Such a bias is inevitable in an observational study 
with so many variables in place but, as the critics 
argue, it nonetheless harms the credibility fi nd-
ings of the CSRS. It is thus argued that the 
 supposed decrease in risk adjusted mortality was 
more affected by the increase in predicted mor-
tality (presumably by spurious comorbidity 
assignment) than it was by a decrease in observed 
mortality [ 12 ]. There is at least anecdotal evi-
dence of surgeons refusing to operate on high 
risk patients or referring them out of state for fear 
that it would negatively impact their ranking [ 10 , 
 13 – 15 ]. The ranking process, too, was criticized 
for failing to account for variations in case mix 
and for its considerable fl uctuation in ranking 
which, in 1 year, saw 46 % of surgeons change 
from one-half of the rank list to another [ 12 ]. 

 The STS Database was made available to STS 
participants in 1989 and has sought to ameliorate 
the problems that plagued the CSRS by standard-
izing surgical and procedural nomenclature 
throughout the fi eld, providing a minimal data set 
with precise defi nitions of data to be reported, 
developing and implementing accurate and veri-
fi ed mechanisms of adjustment for complexity of 
the patients, and operationalizing methodologies 
of data verifi cation [ 16 ]. Perhaps the most impor-
tant of its attempts to standardize practice has 
been the requirement of case-mix adjustment to 
be reported across programs. Such a measurement 
serves as a direct indicator of programmatic com-
plexity, which helps to eliminate the supposed 
incentives for hospitals or groups to avoid caring 
for more complex patients. The specifi cs of how 
the risk stratifi cation schemes are performed in 

the STS Adult Cardiac Surgery Database, the STS 
General Thoracic Surgery Database, and the STS 
Congenital Heart Surgery Database are beyond 
the scope of this chapter, but the presence of such 
risk stratifi cation schemes have been shown to 
correlate well with reality based outcomes in sev-
eral studies [ 3 ,  4 ,  17 – 20 ]. 

 In 2011, the STS launched the STS Public 
Reporting Online, which currently allows hospi-
tals and programs to report voluntarily their out-
comes in isolated CABG and aortic valve 
replacement [ 21 – 23 ]. This reporting allows the 
public to compare programmatic and hospital 
specifi c mortality and morbidity using a compos-
ite scoring system that has been similarly risk 
stratifi ed. Programs and hospitals are graded on a 
star rating system that assigns a rating of one star, 
two stars, or three stars: one and three star pro-
grams have a 99 % Bayesian probability that they 
differ from the STS average. Anticipating the 
criticism that plagued the CSRS study, the STS 
devotes an entire page of its Web site to address-
ing potential pitfalls of public reporting, citing 
surgeon risk aversion, timeliness of outcome 
reporting, and how their methods help to elimi-
nate these pitfalls [ 24 ].  

    Congenital Heart Surgery 
Outcomes Reporting as a Unique 
Dilemma 

 The preceding discussion of the evolution of 
 aortic valve replacement and CABG outcomes 
reporting serves to highlight the overwhelming 
complexity that public reporting of outcomes 
measurements face in cardiac surgery. A project 
that has evolved since 1989 and is evidence-
based, risk stratifi ed, and objectively validated, is 
currently only reported publicly in two isolated 
adult cardiac surgical procedures. If there are dif-
fi culties associated with risk stratifi cation, patient 
selection, and determination of patient clinical 
status in disease processes that are so widely 
studied as coronary artery disease and aortic 
valve disease, then the more esoteric and compli-
cated world of congenital heart disease would be 
even more fraught with issues in public reporting. 
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Indeed, one can argue that the entire ethical 
dilemma of public  reporting of cardiac surgical 
data is the inherent difference in understanding 
between the physician and patient. That is to say, 
the knowledge that physicians have (that patients 
do not) creates a disadvantage for patients that 
undermines their autonomy to make competent 
medical decisions. Such a knowledge gap is per-
vasive in medicine, and the preceding discussion 
serves to highlight just how challenging it can be 
to ameliorate this knowledge gap, even in disease 
processes about which the public has a great deal 
of exposure and knowledge: coronary artery dis-
ease and aortic valve disease. 

 The question that invariably arises is: can the 
public be educated suffi ciently to understand 
complexity analysis in congenital heart malfor-
mations and the surgical procedures associated 
therewith? Short of providing a comprehensive 
medical education to everyone, such a knowledge 
gap seems almost insurmountable. But there 
needs to be a way for the public to be able to 
compare programs and surgeons effectively with-
out being subject to unfair biases. Such has been 
the goal of the STS-CHSD, whose history closely 
parallels that for adult cardiac surgery. The need 
for proper public reporting is illustrated by a 
2001 article in the  Denver Post  concerning the 
resignation of the hospital’s chief of cardiology. 
The resignation, the article claims, was in 
response to a reported average mortality of 4.2 % 
for open heart surgery, in comparison to an 
alleged national mortality rate of 2.7 % [ 25 ,  26 ]. 
The author even went so far as to cite the STS as 
the source for the mortality fi gures. Such an arti-
cle would seem scandalous if the data were true 
and would explain the resignation well. However, 
at the time of that article’s printing, the STS had 
never published an overall national aggregate 
mortality rate for congenital heart surgery. 
Further, it is argued by Jacobs and colleagues, if 
such a mortality fi gure were to be published 
based on STS data, it would have been greater 
than 4 % at that time [ 27 ]. Furthermore, compar-
ing and benchmarking the overall mortality of an 
individual program to an overall national aggre-
gate mortality rate is meaningless without adjust-
ment for case mix. 

 So, in an attempt to sell newspapers, the author 
interpreted one site’s data without incorporating 
case-mix or complexity analysis and compared it 
with a national average that did not exist. Such an 
example highlights the importance of reporting 
correct data. To be sure, the story was well read 
throughout Denver and may have caused some 
citizens to cast a critical eye on the cardiac surgi-
cal program at Children’s Hospital of Denver, but 
it was based on misinterpretation and misinfor-
mation. The newspaper never retracted or 
amended its story and did not publish rebuttals 
from cardiac surgeons. 

 Such sensationalism is made all the more 
challenging to combat when the disease pro-
cesses and surgical procedures in congenital 
heart surgery are so diffi cult to understand among 
lay persons. Even databases are subject to confu-
sion and misclassifi cation, as several studies ana-
lyzing the validity of codes in the International 
Classifi cation of Diseases have shown that it is 
inadequate for use as a platform for the analysis 
of outcomes of patients with pediatric and con-
genital cardiac disease because many diseases 
are misclassifi ed [ 28 – 31 ]. Explanations for these 
fi ndings are numerous and are beyond the scope 
of this chapter, but the challenges simply of clas-
sifying and comparing congenital malformations 
of the heart is a problem unique to congenital 
heart disease and makes proper outcomes report-
ing even more diffi cult.  

    Conclusion 

 Despite the diffi culties, there can be no doubt 
that the public demand transparency from 
healthcare providers to make informed and 
better valued medical decisions. There are 
many challenges to outcomes reporting in 
congenital heart disease. Surgeons and other 
cardiac care providers are required to inform 
their patients and families to allow them to 
make the best decisions for themselves and for 
their children. A problem can arise, however, 
when there is miscommunication and misin-
formation that clouds a patient’s judgment. 
Who knows what the overall effect of the 
 Denver Post  article was? Perhaps there were 
families who travelled elsewhere to seek 
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a  cardiac surgical consultation for their child 
because of this seemingly negative article. 
Even in the gold standard of STS public 
reporting of aortic valve replacement and 
CABG data, there is the possibility that 
patients will feel the need to travel to have sur-
gery at a center that is purported to be superior 
to others. 

 Publishing, as the STS does currently, the 
mortality and morbidity fi gures for specifi c 
procedures may be functional in disease pro-
cesses about which the public has a great 
deal of knowledge, but may not work as well 
when the disease processes are more eso-
teric. For example, if a given surgeon has a 
reported mortality for repair of coarctation of 
the aorta that appears signifi cantly higher 
than that of others, and there is no public 
reporting of her outcomes in Norwood Stage 
1 operations, then how is the public to inter-
pret this? Will a parent avoid this surgeon, 
even if her morbidity and mortality fi gures 
for Norwood Stage 1 operations are actually 
quite good but is not publically reported? 
The current reporting of isolated aortic valve 
replacement and CABG data works because 
the cases are the most common cardiac surgi-
cal procedures performed and are reported 
using validated tools that allow for the adjust-
ment of case mix. If a reporting scheme is 
attempted in congenital heart surgery, one 
can expect that public reporting for specifi c 
procedures will start with the more common 
operations and will, perhaps, proceed to rarer 
operations. Will this discrepancy of which 
procedures are reported and which are not 
create situations where surgeons are judged 
by their success in but a small fraction of 
their practice? Most common procedures in 
congenital heart surgery have excellent suc-
cess rates, but a concerned parent with a 
child with hypoplastic left heart  syndrome 
would like to know more than a  surgeon’s 
and medical center’s success with a ventricu-
lar septal defect repair. 

 The ultimate challenge associated with 
public reporting is the burden that it places on 
the healthcare consumer. The opportunity to 

be informed in the medical decision making 
process carries with it the right and responsi-
bility to make the best choice for their child, 
even if it means seeking a consultation else-
where. In adult cardiac surgery, there may be 
numerous options available in one’s immedi-
ate vicinity. In congenital heart surgery, there 
may be no other options that are geographi-
cally convenient for a parent, who may have 
numerous other familial and community com-
mitments. The increase in demands for trans-
parency by the public, regulators and payers 
has brought this dilemma to the fore. The STS 
has been active in standardization of language 
and outcomes reporting in adult and pediatric 
cardiothoracic surgery, and these activities 
must continue. The STS Database remains a 
voluntary database; nevertheless, it is critical 
to ensure universal or near universal participa-
tion because, as the previous discussion 
shows, more data and more information will 
stem the tide of misinformation and sensation-
alism. In order to engage in responsible public 
reporting, STS must engage and seek approval 
of the participating programs given that the 
extant agreement that resulted in this hereto-
fore successful enterprise did not include pub-
lic reporting. 

 No risk stratifi cation scheme and not even 
the most comprehensive database can ade-
quately describe the complexities of individ-
ual patients. As such, public reporting will 
never substitute for a surgical consultation 
where all factors can be explored. The 
 interaction between physician and patient 
where a patient’s condition, a family’s condi-
tion, and the proper course of action can be 
determined will always serve as the corner-
stone for preoperative evaluation, and no pub-
lic outcomes reporting can replace this aspect 
of informed consent. Addressing the ethical 
pitfalls inherent in public outcomes reporting 
may assuage some of the apprehension among 
surgeons that this project will lead to decreased 
case volume. When and if these concerns are 
assuaged and the proper methodologies are in 
place for responsible public reporting, then 
public reporting may serve to accomplish the 
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goal of identifying best practices and improv-
ing the overall state of congenital heart sur-
gery. The impetus for such public reporting 
should not be simply a matter of inevitability, 
or of preventing other organizations from 
doing it; rather, the responsible reporting of 
clinical outcomes should be done to facilitate 
better communication between physician and 
patient and, in so doing, to do the best thing 
for our patients.     
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 Introduction

The analysis and reporting of health care out-
comes is the centerpiece of congenital cardiac 
surgery quality improvement and accountabil-
ity initiatives. Although outcomes analysis can 
generate useful information, it is inherently 
challenging to compare outcomes across provid-
ers because factors other than performance can 
impact these results. Widely differing case mix 
and small sample sizes can lead to perturbations 
which obscure a provider’s true performance. 

This chapter explores these challenges and 
describes a variety of analytic approaches that 
can be used to address them.

In this chapter, the term “provider” is used 
generically to refer to the unit that is the focus of 
performance evaluation, for example, a hospital, 
surgeon, insurance plan, or any other type of 
healthcare unit. We focus on mortality as a recur-
ring example, but the principles discussed apply 
generally to a variety of types of endpoints.

 Risk Adjustment

In clinical comparative effectiveness studies, 
researchers often ask whether one treatment is 
better than another for reducing morbidity and 
improving survival. For example, in a  randomized 
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controlled trial comparing the success rate of two 
treatments, say “A” and “B”, the average “effect”
of treatment A versus B can be estimated by the
difference in the proportion of patients receiving 
treatment A who have a successful outcome and 
the proportion of patients receiving treatment B
who have a successful outcome, 

 
S SA B− . 

Randomization ensures that patients receiving 
the two treatments are comparable. When treat-
ments are not randomly assigned – as in a non-
randomized observational study – the observed 
difference 

 
S SA B−  may be biased. To the extent 

that patients in each treatment group differ in 
ways that affect outcomes (e.g., they are sicker, 
frailer, etc.), the observed differences in out-
comes may reflect different patient characteris-
tics rather than the treatment effect of interest. An 
identical confounding issue arises in studies 
comparing outcomes of health care providers in 
which patients are not randomized to providers.

Risk adjustment is a collection of techniques 
for reducing the effect of confounding factors in 
studies where patients are not randomly assigned 
to different treatments. In provider performance 
evaluation, the ‘treatments’ are different provid-
ers. Risk adjustment aims to control for patient 
factors outside the provider control so that resid-
ual differences in outcomes could, potentially, 
reflect true differences in quality [1].

The literature from statistics and related 
disciplines describes conditions in which valid 
inferences about treatment effects based on 
observational data are possible. In general, 
valid estimation requires the assumption that 
outcome differences are unconfounded condi-
tional on a set of pre-treatment covariates [2]. 
This assumption means that, within blocks of 
patients having identical values of pre-treat-
ment covariates, patients receiving each treat-
ment are like a random sample from a common 
population. Although the unconfoundedness 
assumption is unlikely to be literally true in a 
non-randomized observational study, the risk 
of encountering large violations of the assump-
tion can be minimized by careful planning to 
ensure collection of a wide range of suspected 
confounding variables.

 Considerations for Variable 
Selection for Risk Adjustment

Risk adjustment involves an attempt to compare 
only patients who are similar with respect to pre- 
treatment covariates. In general, covariates 
appropriate for risk adjustment are those factors 
that are hypothesized to remain the same if the 
patient were to be re-assigned to a different pro-
vider [3]. Although it is generally desirable to 
adjust for all important confounding factors, the-
ory dictates that we should not adjust for factors 
that are part of the treatment being evaluated [4]. 
Doing so may “adjust away” differences in out-
comes that result from the adoption of more or 
less effective care practices by different provid-
ers. For example, one would generally not adjust 
for hand washing when comparing infection rates 
across hospitals because assiduous hand washing 
is one of the ways in which a hospital may seek to 
achieve a lower infection rate [3]. In some cases, 
the distinction between a patient factor and treat-
ment factor may not be obvious. For example, 
adjusting for a neonate’s age in days at the time 
of operation may be problematic if the provider 
being evaluated impacted the decision of how 
many days to wait after birth before operating.

 Unadjusted Outcomes as Weighted 
Averages

Before considering methods of adjusting
provider-specific outcomes, it is instructive to
consider some properties of outcomes that are 
unadjusted. Calculations are illustrated using 
hypothetical data for hospitals performing car-
diac surgery in neonates, categorized by birth-
weight, as shown in Table 24.1. When a rate is 
unadjusted, its value is implicitly a weighted 
average of the rates observed for different sub-
groups [5]. The weight of each subgroup is equal 
to the proportion of patients falling in that sub-
group. For example, Hospital A had 70 deaths in
a cohort of 1,000 patients for an overall unad-
justed mortality rate of 70/1,000 =0.07. This
same unadjusted mortality rate can be calculated 
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as 0.10 ×0.16+0.90×0.06=0.07, which is a
weighted average of Hospital A’s mortality rate 
in patients with birthweight <2.5 kg (preva-
lence= 0.10; mortality =0.16) and its mortality
rate in patients with birthweight ≥2.5 kg (preva-
lence= 0.90; mortality=0.06). Similarly, Hospital
B had 90 deaths in a cohort of 1,000 patients for
an overall unadjusted mortality rate of 
90/1,000 =0.09. This same unadjusted mortality
rate can be calculated as 0.40×0.15+0.60×
0.05=0.09, which is a weighted average of
Hospital B’s mortality rate in patients with birth-
weight <2.5 kg (prevalence = 0.40; mortal-
ity =0.15) and its mortality rate in patients with
birthweight ≥2.5 kg (prevalence=0.60; mortal-
ity=0.05). As discussed below, many risk adjust-
ment procedures also involve calculating 
weighted averages of subgroup-specific rates.
However, the subgroup weights are artificially
manipulated to ensure they are the same for both 
groups being compared.

 Stratification

Stratification is a method for reducing the effect
of confounding factors in studies where patients 
are not randomly assigned to different treatments 
[4]. In a stratified analysis, patients are divided

into subgroups on the basis of one or more 
 pre- treatment covariates in order to examine out-
come differences by treatment group separately 
within each stratum. In general, if treatment com-
parisons are always performed on patients from 
the same stratum, then outcome differences can-
not be confounded by differences in the number 
of patients falling in each stratum across the 
groups being compared.

For example, Table 24.1 presents a stratified
analysis in which strata are defined by categories
of birthweight. Hospital A had higher mortality 
than Hospital B both among patients with birth-
weight <2.5 kg (0.16 versus 0.15) as well as
among patients with birthweight ≥2.5 kg (0.06
versus 0.05). Yet, Hospital A had a lower overall
unadjusted mortality rate than Hospital B when
the birthweight groups were combined. This 
paradoxical result occurred because Hospital B
performed four times as many operations in 
patients with birthweight <2.5 kg (a group with
relatively higher mortality) compared to Hospital A. 
Performing a stratified analysis by birthweight
category removed the effect of different propor-
tions of patients weighing <2.5 kg and revealed
the superior outcomes of Hospital B within each
birthweight subgroup.

In addition to controlling for confounding, 
stratification can be used to assess whether a

Subgroup
Number  
of patients

Proportion  
of patients

Deaths

Observed
number

Observed
proportion

Expected 
proportiona

Hospital A
Overall 1,000 1.00 70 0.07 0.055
Birthweight <2.5 kg 100 0.10 16 0.16
Birthweight ≥2.5 kg 900 0.90 54 0.06

Hospital B
Overall 1,000 1.00 90 0.09 0.070
Birthweight <2.5 kg 400 0.40 60 0.15
Birthweight ≥2.5 kg 600 0.60 30 0.05

Registry
Overall 10,000 1.00 625 0.0625
Birthweight <2.5 kg 2,500 0.25 250 0.10
Birthweight ≥2.5 kg 7,500 0.75 375 0.05

aUsed for indirect standardization. See text for details

Table 24.1 Mortality
rates for cardiac operations 
in neonates at two 
hypothetical hospitals and 
a national registry
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 provider’s performance differs across the various 
strata. For example, a provider may have accept-
able outcomes in relatively low-risk patients but 
unacceptable outcomes in relatively high-risk 
patients, or vice versa. Such differences may not
be apparent if outcomes are compared overall 
without performing a stratified analysis.

Stratification is simplest to explain with a sin-
gle covariate but can also be used with two or more 
covariates. In that case, a “stratum” is defined for
each unique combination of all possible values 
of each covariate. For example, with two binary 
(yes/no) covariates, the strata would be defined
as (no, no), (no, yes), (yes, no), and (yes, yes). 
However, the number of strata increases quickly 
as the number of covariates increases. For exam-
ple, controlling for ten variables with two levels 
each would result in 210 = 1,024 possible strata.
As discussed below, statistical modeling may be 
more reliable than stratification when the number
of strata is large and the number of patients in 
each stratum is small.

 Direct Standardization

Reporting outcomes for each stratum separately 
can reduce confounding but may be unwieldy 
when the number of strata is large. In many situ-
ations, such as pay-for-performance, it is useful 
to have an overall summary of a provider’s risk- 
adjusted outcomes. A stratum-adjusted stan-
dardized rate can be used for this purpose. Like 
an unadjusted rate, the standardized rate is a 
weighted average of a provider’s stratum-specific
rates. However, the weights are artificially manip-
ulated to reflect the case mix of a “standard” pop-
ulation. The standard case mix can be defined in
many ways; a common approach is to pool data
across several providers and use the totals in each 
stratum in the pooled sample. Weighting in this 
manner answers the question: What would the 
provider’s outcomes be if all of its stratum-spe-
cific rates remained the same but the proportion of
patients in each stratum was altered to reflect the 
standard case-mix?

To illustrate direct standardization, we 
define a “standard” case mix using data from

the row labeled “registry” in Table 24.1. In this 
hypothetical registry population, 25% of patients
have birthweight <2.5 kg and 75% have birth-
weight ≥2.5 kg. Thus, Hospital A’s directly
standardized mortality rate is equal to 0.25 ×
0.16+0.75×0.06=0.085, which is a weighted
average of Hospital A’s mortality rate in patients 
with birthweight <2.5 kg (weight =0.25, mortal-
ity=0.16) and its mortality rate in patients with
birthweight ≥2.5 kg (weight=0.75, mortal-
ity=0.06). Similarly, Hospital B’s standardized
mortality rate is 0.25×0.15+0.75×0.05=0.075.
As expected, direct standardization removes the 
effect of birthweight categories and reflects the 
lower mortality of Hospital B.

Direct standardization is simple and requires
no modeling assumptions, but there are important 
limitations. First, it may not be possible to calcu-
late a standardized rate for a provider if it has no 
cases in one or more strata. Even if a standard-
ized rate is able to be calculated, the resulting 
estimate may be highly noisy if certain strata are 
sparsely populated. Like any summary measure, 
there is a potential for information loss when 
only a single summary measure is reported. For 
example, a hospital performing congenital car-
diac surgery might have acceptable outcomes for 
relatively low-risk simple operations but unac-
ceptable outcomes for relatively high-risk or 
complex operations. From the patient’s perspec-
tive, a patient would likely prefer the hospital 
with the best outcomes for that patient’s particu-
lar condition. This information is lost when only 
a single summary is reported. Finally, if a pro-
vider’s performance does vary substantially 
across patient subgroups, then the standardized 
rate may be sensitive to the arbitrary choice of 
standard population.

 Indirect Standardization

When stratum-specific numbers are small, as is
often the case in congenital cardiac surgery, 
stratum-specific estimates may be highly noisy
rendering the standardized outcome rate unreli-
able. An alternative approach, known as indi-
rect standardization, addresses this issue. It 
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involves  calculating an “expected rate” for each 
provider by applying stratum-specific rates from a
standard population to each provider’s own case 
mix. A provider’s observed and expected rates are 
then compared to one another. The difference 
between direct and indirect standardization can be 
summarized as follows. Direct standardization
involves re-weighting each provider’s own stratum- 
specific rates to reflect the case mix of a standard
population. In contrast, indirect standardization re-
weights the stratum-specific rates of a standard
population to reflect each provider’s own case mix.

The ratio of a provider’s observed and expected 
rates is called the “O/E ratio.” If a provider’s O/E
ratio for mortality (also called “standardized mor-
tality ratio”) is significantly greater than 1, this
implies that its overall mortality rate is higher 
than would be expected if its stratum-specific
mortality rates were the same as the standard pop-
ulation (i.e. worse than expected mortality). If the 
O/E ratio is significantly less than 1, this implies
that its overall mortality rate is lower than would 
be expected if its stratum-specific mortality rates
were the same as the standard population (i.e. bet-
ter than expected mortality).

Using hypothetical data from Table 24.1, 
Hospital A’s expected mortality rate may be cal-
culated as 0.10 ×0.10+0.90×0.05=0.055 which
is a weighted average of stratum-specific mortal-
ity rates from the standard population using a 
weight of 0.10 for patients with birthweight
<2.5 kg and a weight of 0.90 for patients with
birthweight ≥2.5 kg. Since Hospital A’s actual
observed mortality rate is 0.07, its O/E ratio is
0.07/0.055= 1.27. Thus, Hospital A’s mortality
rate is about 27% higher than expected compared
to the standard population. Hospital B’s expected
mortality rate is 0.40×0.10+0.60×0.05= 0.07
and its observed mortality is 0.09, and so its O/E
ratio is 0.09/0.07=1.29. Thus, Hospital B’s mor-
tality rate is about 29% higher than expected
compared to the standard population.

For presentation purposes, the O/E ratio is
sometimes converted into an adjusted rate (or 
standardized rate), by using the formula, adjusted 
rate = (O/E ratio) × (overall rate of standard
 population). When calculated using this formula, 
an adjusted rate describes what a provider’s 

 outcome rate would be if the provider’s 
 performance in treating its own case mix  
(as reflected by the O/E ratio) was extrapolated to
the overall case mix of the reference population. 
Using Table 24.1 data, the overall mortality rate 
in the standard population is 0.0625. So, continu-
ing the calculations described above, Hospital A’s 
adjusted mortality rate (AMR) is (0.07/0.055) ×
0.0625=0.0795≈0.08 and Hospital B’s AMR is
(0.09/0.07) ×0.0625=0.0804≈0.08.

As noted above, indirect standardization permits 
adjusting for case mix even when a provider’s 
stratum-specific sample sizes are small. In addition,
because each provider is evaluated with respect to 
the provider’s own case mix, they are evaluated 
based on the types of cases they perform most often, 
instead of a potentially irrelevant standard case mix. 
Despite these advantages, there are some subtle
issues and caveats. Indirect standardization permits 
a fair comparison between each provider and the 
standard population, but does not necessarily permit 
a fair comparison between two individual providers. 
For example, Hospital A’s mortality O/E ratio is
slightly lower than Hospital B’s (1.27 versus 1.29)
suggesting that Hospital A has lower mortality. Yet,
Hospital B has lower observed mortality rates than
Hospital A in each stratum. This counterintuitive 
result may be explained as follows. Both hospitals
have excess mortality relative to the standard popu-
lation, and their excess mortality is greatest in 
patients with birthweight <2.5 kg. However, this
group is weighted 40% in the calculation of Hospital
B’s mortality rate but only 10% in the calculation of
Hospital A’s mortality rate. The comparison 
between Hospitals A and B is not an “apples-to-
apples” comparison because their stratum-specific
results are weighted differently. The comparison 
between each hospital and the standard population 
does not have this issue because the standard popu-
lation is always re-weighted to use the same weights 
as the hospital.

 Model-Based Standardization

The simple approach to standardization described 
above requires an adequate number of cases in 
each stratum in order for the observed 
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stratum-specific outcome rates to be reliable. As
a result, it tends to break down when the number 
of strata is large. For example, it cannot be used 
with a continuous covariate, unless it is first
coarsened or categorized, because each observed 
value of the continuous covariate may have just a 
single patient. Similarly, it tends to breaks down
with a large number of covariates, because the 
number of number of strata will be very large. 
Model-based standardization provides an alterna-
tive to the approach described above when strata 
are sparsely populated and the number of strata is 
large.

Model-based standardization is an extension
of conventional standardization and is based on 
the same concepts described above. The main 
difference is the use of a statistical model rather 
than raw data to obtain stratum-specific outcome
rates. Statistical modeling accommodates
sparsely populated strata by making assumptions 
about the relationship between outcome rates in 
different strata. For example, if strata are defined
by a continuous covariate x, such as a patient’s 
age, we might model the stratum-specific out-
come rates by assuming they increase or decrease 
linearly in proportion to x. Similarly, if strata are
defined by the combination of k numerical covari-
ates x1, x2, …, xk, we might assume that stratum- 
specific outcome rates vary as a simple additive
function f1(x1)+ f2(x2)+⋯+ fk(xk) or multiplicative 
function f1(x1)× f2(x2)×⋯× fk(xk). Alternatively, 
for binary outcomes such as mortality, 

stratum-specific outcome rates may be assumed
to follow a multivariable logistic regression 
model. The logistic model equation assumes that 
risk = 1/[1 + exp(−[β0 + β1x1 + β2x2 +⋯ + βkxk])] 
where β0, β1, …, βk denote unknown regression 
coefficients to be estimated from the data.

To illustrate model-based indirect standard-
ization, Fig. 24.1 displays mortality rates strati-
fied by gestational age in weeks at birth for
patients in a hypothetical registry of patients 
undergoing the Norwood Stage 1 operation.
Square dots display the observed raw mortality
rate (number of deaths divided by number of 
patients) for each gestational age. Circular dots 
display the estimated mortality rate for each ges-
tational age obtained by fitting a logistic regres-
sion model to the data. The model assumes that 
stratum-specific mortality rates are described
by a logistic regression equation of the form  
1/[1 +exp(−α−β×gestational age)] where α and 
β denote unknown regression coefficients to be
estimated from the data. Since this assumption is
not likely to be 100% literally correct, the esti-
mates derived from a logistic regression model 
may be biased. However, if the model is approxi-
mately correct, then predictions derived from the 
logistic model are likely more accurate than raw 
stratum-specific mortality rates because the raw
rates are noisy.

Let yx  denote the observed raw mortality rate 
among patients born at x weeks of gestational age 
(square dots in Fig. 24.1) and let 

p x  denote the 
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corresponding predicted rate  according to the 
logistic model (circular dots in Fig. 24.1). For a 
particular provider, if fx denotes the proportion of 
the provider’s patients who were gestational age 
x weeks at birth, then the provider’s expected 
mortality rate, treating the registry as the stan-
dard population, may be calculated either as 
f y + f y + + f y34 34 35 35 41 41  (conventional stan-

dardization using observed raw stratum-specific
mortality rates from the registry population) or as 
f + f + + f34 34 35 35 41 41

) ) )
Kp p p  (model-based stan-

dardization using logistic regression to approxi-
mate the registry population outcomes). With 
several covariates, the form of the regression 
model is more complicated, but the concepts are 
identical.

 The Problem of Small Sample Sizes

It is widely recognized that outcomes such as 
mortality can have limited precision when the 
sample size is small. Yet, even with moderate
sample sizes, outcome rates can be less reliable 
than is commonly realized. To illustrate the 
potential for noisy data, we performed the fol-
lowing simulation. Consider comparing the 
mortality rate for the Norwood Stage 1 operation
for two hospitals with identical sample sizes and 
identical case mix (thus not requiring risk adjust-
ment). Owing to differences in quality, suppose
the true (long-run) Norwood mortality rate is
15.5% at “Hospital Good Care” and 19.3% at
“Hospital Average Care” These values were cho-
sen to approximate the estimated 25th percentile
and overall average mortality rate for the 
Norwood Operation among hospitals participat-
ing in the Society of Thoracic Surgeons (STS)
Congenital Heart Surgery Database, as reported
by Jacobs et al. [6]. In a small sample of patients, 
the observed mortality rate at each hospital will 
fluctuate according to the laws of probability and 
would not be expected to match the underlying 
true long-run rate. For example, if each hospital 
performed 10 Norwood operations, Hospital
Average Results would have up to a 53% proba-
bility of having either the same or fewer deaths 
than Hospital Good Care—worse than a coin toss

(Fig. 24.2). Even if these hospitals each  performed 
100 Norwood operations, the probability of mis-
classification would remain at 27%. For context,
Hornik et al. reported that 64% of hospitals in the
STS Congenital Heart Surgery Database per-
formed 10 or fewer Norwood operations per year
and 89% performed 20 or fewer Norwood opera-
tions per year [7].

Several approaches have been proposed for
addressing the issue of small sample sizes when 
analyzing and comparing provider outcomes. 
First, one can simply exclude providers with 
small denominators when reporting provider- 
specific results. When this approach is applied to
congenital cardiac surgery, a large proportion of 
providers may be excluded. Second, one may
pool data across multiple different types of oper-
ations in order create datasets with larger 
provider-specific denominators. Although pool-
ing data across operations makes the estimates 
less noisy, there is some risk of information loss, 
because a provider could perform well for some 
types of operations and poorly for others. Third, 
data can be aggregated over multiple calendar 
years to obtain a sufficient sample size. This
makes estimates less noisy but the data are less 
timely. For example, older data may reflect staff-
ing issues and care practices that are no longer 
relevant by the time the data are reported.  
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A fourth strategy is to analyze and report com-
posite endpoints. Such composite measures are
often more reliable than single endpoints because 
combined endpoints occur more frequently. 
Despite their advantages, composite endpoints
may be controversial when items in the compos-
ite contribute different amounts of statistical 
information or when the items differ in their rela-
tive importance to patients [8, 9].

Another alternative approach to increasing 
reliability is to estimate outcome measures using 
hierarchical models [10, 11]. Such models allow
“borrowing of information” across providers 
when estimating the outcome rate of each indi-
vidual provider, in order to produce an estimate 
that is less noisy than the provider’s raw outcome 
rate. The hierarchical estimator incorporates a 
Bayesian concept that, in the absence of data, the
best estimate of a provider’s outcome rate is the 
average outcome rate of all providers. As more 
data become available, the estimate shifts away 
from the average in the direction indicated by the 
provider’s data. Heuristically, the hierarchical 
estimate is a weighted average of a participant’s 
actual observed outcomes and the overall average 
outcomes of all participants. The model weights 
an individual participant’s own data more heavily 
when the denominator is large enough to be reli-
able and weights the overall average rate more 
heavily when the denominator is too small to 
support a reliable estimate.

Extensions of hierarchical modeling allow 
incorporating provider-level covariates, such as 
surgical volume, to enhance prediction of a pro-
vider’s true outcome rate. Including provider- 
level covariates allows “borrowing of information” 
from providers with similar provider- level covari-
ates. For example, estimation of outcome rates for 
an individual low- volume provider will be 
informed by outcomes observed among other 
low-volume providers. Examples of other auxil-
iary information that can be exploited include the 
provider’s outcome rates for procedures other 
than the one being evaluated and outcome rates 
for the same procedure in an earlier time period.

Although hierarchical modeling is a powerful 
tool for estimating performance, it is not a cure 
for small sample sizes. Hierarchical modeling 

can arguably produce the best statistical estimate 
in face of uncertainty but cannot remove the 
underlying uncertainty.

 Prediction Intervals

In order to encourage an appropriately cautious 
interpretation of noisy data, provider-specific
performance results are typically presented with 
an indication of their likely statistical precision. 
One popular graphical display, known as a funnel
plot [12], uses “prediction intervals” for this pur-
pose. It displays the range of outcome rates that 
would be expected to occur due to chance if each 
provider’s underlying true outcome rate was the 
same. The prediction interval is constructed to 
ensure that each provider’s observed outcome 
rate will fall within the interval with a specified
probability.

Figure 24.3 illustrates the use of a funnel plot 
for displaying hospital-specific unadjusted mor-
tality rates using hypothetical data for a high-risk 
congenital cardiac operation. In this figure, each
hospital’s unadjusted mortality rate is plotted 
against the denominator that was used for calcu-
lating the unadjusted mortality rate. Following 
Spiegelhalter [12], lines depicting 95% (≈2 stan-
dard deviations) and 99.8% (≈3 standard 
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 deviations) prediction limits around the overall 
mortality rate are overlaid to make a funnel plot. 
Based on Fig. 24.3, one hospital has a mortality 
rate exceeding the upper limit of the 95% predic-
tion interval, four hospitals have mortality rates 
falling below the lower limit of the 95% predic-
tion interval, and one has a mortality rate follow-
ing below the lower limit of the 99.8% interval.
For the remaining 15 hospitals, the hospital’s
unadjusted mortality rate falls within the usual 
range of normal sampling variation. While the 
plot suggests some evidence of between-hospital 
variation in unadjusted mortality, it reveals that 
much of the between-hospital variation may be 
attributed to chance, and that precise rankings 
may not be possible for the majority of hospitals.

 Interval Estimates

As noted above, a prediction interval provides the 
range of provider-specific outcomes that would
be expected to occur by chance alone if the true 
underlying outcome rates did not vary. If the 
underlying rates do vary, then interest may focus 
on estimating the magnitude of true signal varia-
tion across providers and estimating true under-
lying outcome rates for each individual provider. 
Such quantities are always estimated with error,
and so it is important to convey some measure of 
the estimate’s statistical precision.

An interval estimate is a range of numbers that 
is expected to include the true value of the quan-
tity being estimated. Naturally, one can be rela-
tively confident that the true value lies in an
extremely wide interval, and less confident that it
lies in a narrow interval.

One type of interval estimate, known as a con-
fidence interval, is constructed so that the interval
will contain the true value with a specified proba-
bility. For example, a 95% confidence interval has
the property that it will include the true value of 
the quantity being estimated about 95% of the time
in repeated sampling. Similarly, a 99% confidence
interval will include the true value about 99% of
the time in repeated sampling. The width of a con-
fidence interval depends on the desired coverage
probability (e.g. 95 or 99%) as well as the sample

size. If the confidence interval is very wide, this
indicates that the provider’s outcome rate is an 
imprecise estimate of the provider’s true underly-
ing outcome rate. Wide confidence intervals occur
when the number of patients in the denominator is 
small. Naturally, a 99% confidence interval is
wider than a 95% confidence interval, and the
width decreases as the sample size increases.

A common graphical display in provider per-
formance evaluation involves plotting each pro-
vider’s interval estimate against a reference line 
representing “average” performance. For exam-
ple, Fig. 24.4 illustrates this format with stan-
dardized mortality ratios (equivalent to mortality 
O/E ratios) compared against the null value of
1.0. Because the observed mortality rates are
inherently variable, differences among hospitals’ 
observed mortality rates should be interpreted 
with caution. If a hospital’s 95% confidence
interval for the O/E includes the reference line,
then its mortality is not statistically different 
from expected. If a hospital’s 95% confidence
interval for the O/E falls entirely to the right or
left of the reference line, then there is strong evi-
dence that the hospital’s mortality rate differs 
from the expected rate. However, it should be 
remembered that approximately 5% of hospitals
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Fig. 24.4 Hospital-specific standardized mortality ratios
for a hypothetical congenital cardiac operation
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would be expected to have confidence intervals
excluding 1.0 due to chance alone even if each
hospital’s true O/E was 1.0. A format such as
Fig. 24.4 not only allows identifying statistically 
significant differences compared to the null value
of 1.0, but also conveys the magnitude of the dif-
ferences and a range of plausible estimates for 
each provider’s true performance.

For simplicity, some report cards suppress the 
detailed information in Fig. 24.4 and report only 
whether each provider’s performance was statis-
tically better, worse, or same as average. 
Categorizing results in this manner has been criti-
cized for being dependent on a provider’s sample 
size and for placing too much emphasis on statis-
tical rather than clinical significance [10].

The notion of a confidence interval, as an
interval containing the true value with a specified
probability, was developed within the conven-
tional “frequentist” statistical paradigm [13]. 
Critics note that such intervals lack a directly 
useful probability interpretation. For example, if 
a hospital’s 95% confidence interval for the O/E
falls extends from 1.1 to 1.5, one cannot say there
is a 95% probability that the hospital’s true O/E is
in the interval 1.1–1.5. One can only say that
95% of confidence intervals calculated in a simi-
lar manner would include the true O/E ratio if
repeated in a series of hypothetical experiments 
or random samples. From a frequentist perspec-
tive, the hospital’s true O/E is either in the inter-
val 1.1–1.5 or not; there is no probability
involved. An alternative statistical paradigm 
known as Bayesian inference can be used to con-
struct interval estimates with a more natural 
interpretation, as described below.

 Bayesian Inference

Although frequentist inference is the dominant 
paradigm, there is widespread interest in using 
Bayesian analysis for the evaluation of provider
outcomes [10, 14–16]. In part, its appeal stems 
from the fact that what consumers of report 
cards often want to know is the likelihood (prob-
ability) that a provider’s outcomes are better or 
worse than some benchmark, or the likelihood 

 (probability) that the provider’s outcomes differ 
from the benchmark by some clinically important 
amount. Such probability assessments are not
obtainable from a conventional frequentist analy-
sis but are available when inference is based on 
the Bayesian paradigm.

Unlike conventional frequentist statistics,
Bayesian methodology uses the language of
probability to express beliefs about unknown 
quantities before and after observing the data. 
For example, prior to observing the data, we 
might assign 50% probability to the hypothesis
that Hospital A has a lower true underlying mor-
tality rate than Hospital B (i.e. a coin toss). After
observing the data, that probability might shift 
away from 50% to reflect some degree of belief
about which of the two hospitals has lower mor-
tality. Bayes’ theorem provides a mathematical
formula for updating prior probabilities in light 
of the observed data.

In order to conduct a Bayesian analysis, the
analyst must specify a prior probability distribu-
tion representing the analyst’s prior beliefs about 
the collection of all unknown quantities. In most 
cases, the prior distribution is chosen to reflect 
the absence of strong prior beliefs i.e., a “non- 
informative” prior. The prior distribution is then 
updated with the observed data using Bayes’
theorem to obtain the posterior distribution. 
Except for special cases, the posterior distribu-
tion cannot be calculated analytically, and 
Markov Chain Monte Carlo (MCMC) methods
are used.

Advantages of fully Bayesian estimation
include the ability to perform inference about 
complex functions of model parameters and the 
ability to express the results of statistical analyses 
in terms of probabilities [17, 18]. Unlike frequen-
tist confidence intervals, Bayesian probability
intervals have an intuitively direct interpretation as 
an interval containing the true value with a speci-
fied probability [13]. In addition, Bayesian esti-
mates are often more computationally feasible 
than conventional frequentist approaches for com-
plex models or models with non-standard proba-
bility distributions.

Disadvantages of the Bayesian approach
include its relative complexity and the potential for 
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results to be influenced by the choice of prior 
 distribution. In addition, computation for a 
Bayesian analysis is technically demanding and
requires the analyst to have some level of familiar-
ity with the underlying computational methods.

 Summary

The evaluation of provider performance is an 
integral part of efforts to improve quality, yet 
such assessments need to be interpreted cau-
tiously. Case-mix and sampling variation can 
both have a large impact on outcomes, and should 
both be considered as possible explanations 
whenever outcomes differ between providers. An 
understanding of statistical tools and their limita-
tions will help users to correctly interpret mea-
sures of performance and avoid pitfalls when 
making comparisons between providers.
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    Abstract  

  Real time monitoring of risk-adjusted outcomes for adult cardiac surgery has 
been reported in the past and found to aid quality assurance efforts. Recent 
advances in terms of the available risk-adjustment methods for congenital 
heart disease and paediatric cardiac surgery, which go some way to refl ecting 
the great complexity of this fi eld, have opened up the opportunity to use 
Variable Life Adjusted Display (VLAD) charts for this context. This chapter 
explains what VLAD charts are, and how they differ to other retrospective 
methods of audit that may be familiar to readers. The chapter then provides 
an example of VLAD chart use for real time monitoring of risk- adjusted 
surgical outcomes in congenital heart disease from the United Kingdom thus 
illustrating how these charts may be used for quality assurance. The chapter 
then places this example into context covering some of the salient issues and 
previous experiences with VLAD for outcome monitoring.  
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        The Cumulative Sum Chart 
(CUSUM Chart) 

 The most common way to examine mortality 
data, risk-adjusted or not, is to convert it into a 
graphic or a plot that can also help to identify 
changes over time. Probably the most familiar 
chart is the Cumulative Sum Chart (CUSUM 
Chart). The CUSUM is constructed by plotting 
the cumulative number of deaths on the vertical 
axis against the total number of procedures on the 
horizontal axis. With each death the graph rises, 

mailto: katherine.brown@gosh.nhs.uk
mailto: sonya.crowe@ucl.ac.uk
mailto: m.utley@ucl.ac.uk
mailto: c.pagel@ucl.ac.uk
mailto: c.pagel@ucl.ac.uk


320

while the occurrence of no deaths results in a 
horizontal line (Fig.  25.1 ) [ 1 ]. If a model exists 
for estimating the risk for each case (even a crude 

model based on average observed mortality rate), 
statistical limits can be calculated to give upper 
and lower boundaries on how many deaths would 
be expected (dotted line in Fig.  25.1 ). Often, 
‘alerts’ are set if the observed CUSUM line is 
outside either boundary as a trigger for further 
investigation (Fig.  25.1 ) [ 2 ].

        Variable Life Adjusted Display 
(VLAD) Charts: Comparison 
with Other Methods of Audit 

 In most countries where audit of surgical out-
comes occurs, underpinned by the collection of 
comprehensive and reliable information in a 
multi-institutional database, the review of 
 outcomes is retrospective, usually presenting a 
single number that is the ‘result’ over some pre-
defi ned time period (for instance 3 years) and 

60

40

20

C
um

ul
at

iv
e 

fa
ilu

re
s

Case number

0

1 51 15
1

10
1

20
1

25
1

30
1

35
1

40
1

45
1

50
1

55
1

10
51

11
01

11
51

12
01

12
51

13
01

13
51

14
01

14
51

15
01

15
51

16
01

16
51

17
0160

1
65

1
70

1
75

1
80

1
85

1
90

1
95

1
10

01

  Fig. 25.1    Example of a CUSUM plot (Reprinted from 
Noyez [ 1 ] by permission from Oxford University Press)       
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30 days displayed over time, a standard CUSUM chart. 
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often with a delay of several months after data 
submission.
    1.     Outcomes for different types of operation  – 

currently, in the United Kingdom (UK), pae-
diatric cardiac surgery outcomes for individual 
procedure types at each paediatric cardiac 
centre are published, along with the centre 
identifi ers, online in the form of 30-day sur-
vival rates measured over a 3 year period dis-
played on funnel plots by the national audit 
body [ 3 ]. This represents an important contri-
bution to benchmarking of outcomes but limi-
tations include an interval of at least a year 
before data are published, the small number of 
patients in many procedure categories, 
the omission of some procedures from this 
audit and diffi culty in obtaining an overview 
of a centre’s outcome across their entire 
programme.   

   2.     Programme based outcomes  – very recently, 
the national audit organisation in the UK has 
engaged in its fi rst attempt to audit program- 
based outcomes using risk adjustment, and 
this effort is likely to continue [ 4 ]. 
Internationally, several reported methods for 
risk-stratifi cation or adjustment exist [ 5 ,  6 ] 
and Jacobs et al. [ 7 ] recently used the STS- 
EACTS score [ 6 ] to compare the risk-adjusted 
outcomes of paediatric cardiac centres across 
North America. These analyses of program 
based outcomes incorporating risk-adjustment 
may be used to review the mortality/ survival 
rates across programs for a given era. Despite 
some inherent limitations, such as the incom-
plete nature of all risk adjustment models, 
these analyses may be useful given that they 
provide comparison of observed outcomes to 
what was expected from the case mix and 
applied risk model. However, these retrospec-
tively analysed data have certain disadvan-
tages if one wishes to follow in house program 
based outcomes in real time for the purposes 
of quality assurance.     
 In addition to these described retrospective 

methods of audit, real time monitoring of risk 
adjusted surgical outcomes at programme level 
may be achieved using Variable Life Adjusted 
Display (VLAD) charts [ 8 ]. 

 The VLAD chart displays more information 
than a conventional summary statistic of the 
overall mortality or survival rate for a given time 
era by showing the evolution of outcomes over 
time, and thus may be useful for qualitative 
review by clinical teams for the purposes of qual-
ity assurance.  

    An Example of VLAD Chart Use 
for Real Time Monitoring of 
Risk- Adjusted Surgical Outcomes 
from the UK 

 An example of VLAD chart implementation in 
the UK was recently reported by Pagel et al. [ 9 ]. 
based on experience of this in three UK  paediatric 
cardiac centres (Great Ormond Street Hospital 
and Evelina Children’s Hospital in London and 
The Royal Hospital for Sick Children in 
Glasgow). We note that sections of this chapter 
are adapted from this open access paper. Each 
centre provided audit data on all paediatric car-
diac surgery procedures conducted in the period 
1 January 2010 to 31 December 2011 inclusive. 

 For each centre, every record of a procedure 
was allocated to a 30-day episode of care. Each 
patient’s fi rst episode started with their fi rst surgi-
cal procedure and the patient’s vital status at 
30 days was assigned as a primary outcome. Any 
further procedures within this 30-day episode 
constituted a secondary outcome. A surgical pro-
cedure more than 30 days after the fi rst procedure 
constituted the beginning of a new episode. This 
episode allocation is a pre-requisite for applying 
the Partial Risk Adjustment in Surgery (PRAiS) 
risk model. 

 An expected risk of death was estimated for 
each episode of care using the PRAiS model 
[ 10 ], which was developed and validated using 
UK national audit data and contains information 
regarding the surgical procedure, diagnosis, age, 
weight, and co- morbidity. For each centre, risk- 
adjusted outcomes over time were displayed 
using the VLAD method and in addition, further 
cardiac surgeries and interventional catheterisa-
tions within each individual 30-day episode of 
care were displayed on the VLAD chart. The 
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PRAiS model was implemented and the VLAD 
charts generated using a bespoke software pack-
age in excel, which is available for download 
under licence (  http://www.e-lucid.com/i/soft-
ware/clinical_data_modelling/PRAiS.html    ). A 
generic Excel spreadsheet that can be used for 
generating VLADs with different risk models is 
available free of charge with an academic licence 
from the UCL Clinical Operational Research 
Unit (  http://www.ucl.ac.uk/operational-research/
AnalysisTools/VLAD    ). 

 VLAD charts for the three participating cen-
tres covering the 2-year period of review are 
shown in Figs.   25.3  ,   25.4  , and   25.5  . If outcomes 
are as expected based on the risk model, the end 
of the VLAD plot will tend to be close to zero. 
Given the low 30-day mortality associated with 
paediatric cardiac surgery (in the UK between 
2007 and 2010 UK this was 3.2 % [ 10 ]), a VLAD 
plot will rise much less steeply for a run of survi-
vors than it will fall for a run of deaths. To help 
place the VLAD charts in context of overall 

 program activity it may be helpful (as done here) 
to display the overall numbers of deaths and sur-
vivors in the top left hand side of the VLAD 
charts. In this example, the three participating 
centres all ended the 2 year period within four 
survivors/deaths from what would be expected 
using the risk model. However, a major value in 
the charts is not their fi nal position but in the time 
evolution: the VLAD charts highlight different 
time periods for each centre that were of interest 
to the clinical teams involved as they discussed 
outcomes locally in conference for the purposes 
of quality assurance.

     To help interpretation of the VLAD charts, we 
have shown in Fig.   25.6   an enlarged section from 
the VLAD chart for Centre B. Here the difference 
between lower- and higher-risk cases is evident: 
the VLAD plot for higher-risk patients who sur-
vived is steeper than for lower-risk survivors and 
vice versa for patients who died.

   Since calendar time is plotted on the horizon-
tal axis, VLAD plots for centres with larger case 

VLAD Chart from 04/01/2010 to 30/12/2011

Total number of 30-day survivors = 1,156
Total number of 30-day deaths = 25
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  Fig. 25.3    VLAD chart for Centre A. Each  dot  represents a surgical episode (Reproduced with permission from Pagel 
et al. [ 9 ], copyright 2013, with permission from BMJ Publishing Group Ltd)       
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volumes will have steeper slopes than VLAD 
plots for centres with a smaller case volume over 
the same period of time. Since the primary aim is 
for units to use this software for routine in-house 
monitoring and not for comparison with other 
units, this should not represent a barrier to use.  

    Discussion of VLAD Charts for Real 
Time Monitoring of Risk-Adjusted 
Outcomes in ‘Wider Context’ 

 In the UK it has now been possible for all centres 
nationally to use the new software package to 
monitor their programme level, short-term out-
comes with partial risk adjustment using the 
PRAiS risk model [ 10 ] and Variable Life 
Adjusted Display (VLAD) charts [ 8 ]. This neces-
sitated a short orientation session on the method-
ology for practitioners at each centre delivered by 

the research team from University College 
London, with ongoing support by email as que-
ries arise. The National Health Service in England 
has very recently (2014) made it a mandatory 
part of the local governance process for paediat-
ric cardiac centres nationally to include presenta-
tion of VLADs to a multi-disciplinary audience 
regularly in the context of mortality and morbid-
ity conferences. 

 This routine in house monitoring of risk 
adjusted outcomes using VLAD charts in UK 
paediatric cardiac centres complements the 
annual national monitoring using funnel plots 
already in place for a range of individual surgical 
procedures on the National Institute for 
Cardiovascular Outcomes Research (NICOR) 
Congenital Heart Disease web portal [ 3 ]. The 
VLAD charts have obvious advantages in that 
fi rstly, the VLADs incorporate an entire unit’s 
case load and incorporate accessible display of 

VLAD Chart from 04/01/2010 to 30/12/2011

Total number of 30-day survivors = 716
Total number of 30-day deaths = 29
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  Fig. 25.4    VLAD chart for Centre B. Each  dot  represents a surgical episode (Reproduced with permission from Pagel 
et al. [ 9 ], copyright 2013, with permission from BMJ Publishing Group Ltd)       
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the individual results of cases over time, thus 
increasing the chance of any concerning trend 
being detectable, and secondly the VLADs can 
be delivered directly to clinical teams for very 
timely review of risk adjusted outcomes with 
obvious advantages for quality assurance. 

 There has been a relatively long standing 
experience in the use of VLAD plots to evaluate 
trends in the results of adult cardiac surgery, 
and these have used data pertaining to individ-
ual operators [ 11 ,  12 ] and alternatively, pro-
gramme level data [ 8 ]. A choice to display 
programme based plots refl ects the fact that 
practice in paediatric cardiac surgery demands 
high standards from cardiologists, nurses and 
intensive care specialists as well as surgeons as 
has been highlighted in recent service reviews 
[ 13 ]. However, anecdotal reports from the UK 
do indicate that surgeon specifi c VLAD charts 
are being utilised albeit for local processes 

since the PRAiS risk model was introduced 
nationally in 2013. 

 Statistical methods based on cumulative sum 
control chart (CUSUM) analysis have been used 
previously within VLAD plots to incorporate a 
‘signal’ of poor outcomes [ 14 ]. Rocket tails have 
been applied to VLAD plots to indicate gradua-
tions of likelihood that differences between 
expected and observed outcomes are due to chance 
[ 15 ]. Given the intended use of the paediatric car-
diac surgery VLAD plots in a regular continuous 
programme of review, the research team that 
developed the software in the UK chose not to 
include statistical signalling in order to limit scope 
for complacency. Of note, there is the potential for 
positive or negative trends to arise by chance, and 
it must be emphasised that VLAD plots represent 
a starting point for investigation, not an end. 

 When initiating real time monitoring of risk- 
adjusted outcomes within centres, the  discussions 

VLAD Chart from 02/01/2010 to 30/12/2011
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  Fig. 25.5    VLAD chart for Centre C. Each  dot  represents a surgical episode (Reproduced with permission from Pagel 
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with clinical teams around context and intended 
use should consider the sensitivities involved. 
Previous barriers to clinician participation in 
reviews of patient safety and quality concerns 
include fear of censure and reprisals, lack of trust 
and concern regarding confi dentiality. The 
VLAD charts do not evaluate the programme 
itself – they show outcomes relative to recent 
national standards rather than against any abso-
lute measure of value, and besides, quality of ser-
vice is only one of many possible explanations 
for observed trends in a VLAD plot. The state of 
Queensland in Australia, which promotes the use 
of VLAD charts in a range of health care settings, 
published a ‘pyramid’ response to concerns that 
may arise from a downward trending VLAD 
chart. This starts with a review of data quality, 
then moving to patient case mix factors that may 
have been unaccounted for in risk adjustment, 
then to health services structural issues then to 
care processes, and fi nally to professional perfor-
mance. Hence, the aim of real time monitoring 

using VLAD charts is to stimulate refl ection 
upon practice and assist a broader programme of 
continuous quality improvement. An unanswered 
question is whether such routine monitoring will 
lead to service improvement in surgery for con-
genital heart disease.     
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    Abstract  

  Assessing quality of care provided by a health care system requires a clear 
understanding of non-modifi able risks present prior to entry into the sys-
tem. Risk adjustment is a process of understanding and accounting for 
these risk factors when evaluating outcomes of health care. Surgery for 
congenital heart disease requires the performance of a large range of pro-
cedures. These procedures vary widely in complexity, and surgical com-
plexity strongly infl uences survival following congenital heart surgery. 
A risk adjustment method that adjusts for risk based on procedural com-
plexity is thus required when assessing quality of pediatric cardiac surgi-
cal care provided by or between institutions. Risk Adjustment in Congenital 
Heart Surgery (RACHS-1) method is a simple, well-tested, widely used, 
and excellent risk adjustment method for assessing quality of care in chil-
dren undergoing congenital heart surgery.  
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        Introduction 

 Information on quality of care provided by a 
system has become increasingly useful to 
patients and providers for making health care 
decisions, choosing providers or health care 
systems, and for purposes of reimbursement 
[ 1 ,  2 ]. Accurate assessment of health outcomes 
provided by a health system requires a clear 
understanding of the population receiving care 
from that system. Differences in the risk of 
adverse health care outcomes inherent in the 
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population prior to receiving care can reduce 
healthcare outcomes even if the care provided 
by the system is exceptional. When comparing 
quality of care between institutions, differences 
in inherent risk of adverse health outcomes in 
patients served an institution can make compar-
ing quality of care diffi cult. Thus, the types of 
cases receiving care in an institution or “case-
mix” should be carefully considered when 
interpreting differences in outcomes between 
institutions. Adjustment for differences in case-
mix or “risk adjustment” is an integral part of 
any analysis aimed at comparing healthcare 
outcomes between institutions or health care 
systems. 

 Surgical correction or palliation of congeni-
tal heart disease (CHD) is now practiced in a 
large number of institutions. Surgical mortality 
for children with CHD has been shown to be 
associated with patient level risk factors (e.g. 
prematurity), type and complexity of the proce-
dure performed (e.g. Norwood operation), and 
institutional (e.g. volume of procedures per-
formed by a center and nursing experience) and 
provider (surgeon volume) characteristics [ 3 – 5 ]. 
Given that a large number of surgical proce-
dures varying widely in surgical complexity and 
risk of mortality are performed in children for 
management of CHD, accurate assessment of 
quality of surgical care provided adjustment of 
risks for children with congenital heart disease 
between institutions requires careful adjustment 
of risk due these inherent differences [ 6 ]. 
Several risk adjustment methods have been 
described for studying post-operative mortality 
following surgery for treatment of CHD in chil-
dren. [ 2 ,  6 – 8 ]. These methods include the Risk 
Adjustment for Congenital Heart Surgery (ver-
sion 1; RACHS-1), the Aristotle Complexity 
Score (basic and comprehensive), and the 
 S ociety of  T horacic Surgeons – European 
 A ssociation for Cardio- T horacic Surgery 
Congenital Heart Surgery Mortality Score and 
Categories STAT Mortality Score and 
Categories. Here we describe the characteris-
tics, uses, and limitations of the RACHS-1 
score.  

    RACHS-1 Method 

 The RACHS-1 method was created to improve 
assessment of in-hospital mortality in children 
<18 years of age with congenital heart undergo-
ing cardiac surgery [ 2 ,  6 ]. RACHS-1 was devel-
oped 2001 and utilized a panel of national experts 
to categorize pediatric cardiac surgical proce-
dures into six categories of increasing surgical 
complexity based on the risk of post-operative 
death. Two multicenter datasets obtained from 
the Pediatric Cardiac Care Consortium (PCCC) 
and hospital discharge data from three states US  
were used to refi ne and test the RACHS-1 
method. The fi nal RACHS-1 method was pub-
lished in 2002. The RACHS-1 is currently one of 
the most widely used risk adjustment methods 
for assessing mortality in children with CHD 
undergoing cardiac surgery. The following 
describe details of the RACHS-1 method. 

    Components of RACHS-1 

 RACHS-1 uses procedural and patient level infor-
mation as components to provide adjustment for 
the infl uence of differences in case-mix on post-
surgical mortality (Table  26.1 ) [ 2 ,  6 ]. The proce-
dural component contains cardiac surgical 
procedures for CHD categorized into six 
 complexity categories. RACHS-1 uses surgical 
procedures rather than CHD diagnosis for com-

     Table 26.1    Components of RACHS-1 method   

 RACHS-1 components 

  Procedural information  
  Surgical risk category 1–6 
  Combination procedures 
  Patient level factors  
  Age groups 
   ≤30 days 
   31 days to 1 year 
   >1 year 
   Major chromosomal and non-cardiac structural 

anomaly 
  Prematurity 
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plexity categorization. The categorization of CHD 
procedural complexity was accomplished by uti-
lizing the consensus of a 11 member expert panel 
who assigned 207 pediatric cardiac surgical proce-
dures, identifi ed using current procedural terminol-
ogy 4 (CPT 4) and International Classifi cation of 
Disease, Ninth edition (ICD-9) procedure codes, 
into Risk Categories based on the risk death prior 
to hospital discharge. Patent Ductus Arteriosus 
ligation in neonates <30 days of age and in those 
weighing <2,500 g, cardiac transplantation, and 
interventional cardiac catheter based procedures 
for management of CHD are excluded from cate-
gorization. Risk category for patients undergoing 
multiple surgical procedures is assigned based on 
the procedure with highest complexity. The vari-
able “Combination Procedure” allows further risk 
adjustment for those undergoing multiple proce-
dures. Categorization of some procedures are age 
and diagnosis based (e.g. Coarctation of Aorta 
>30 days age is assigned Risk Category 1, while 
Coarcation of Aorta ≤30 days age is assigned to 
Risk Category 2). In the original article describing 
the RACHS-1 method, Jenkins et al. provide 
detailed information on categorization of surgical 
procedures into Risk Categories [ 2 ]. The risk of 
death rises across the 6 RACHS-1 categories. 
However the increase is not linear, and because 
mortality rates vary distinctly between each cate-
gory, collapsing or combining risk categories may 
possibly diminish the utility of RACHS-1 [ 6 ]. 
Appendix  1  provides the algorithm for application 
of RACHS-1 using the International Pediatric and 
Congenital Cardiac Code (IPCCC) in the Society 
of Thoracic Surgeons Congenital Heart Surgery 
Database and the European Association for Cardio-
Thoracic Surgery Congenital Heart Surgery 
Database. Because RACHS-1 category 5 is so rare, 
it is often combined with RACHS-1 category 6.

   The second component of the RACHS-1 
method contains patient level factors that may 
infl uence pediatric cardiac surgical outcomes 
(Table  26.1 ) [ 2 ]. These factors are shown in 
Table  26.1  and include age at surgery, prematurity 
(defi ned as <36 weeks) and major non- cardiac 
structural abnormalities (e.g. trachea-esophageal 
fi stula) or major chromosomal abnormalities or 

syndromes (e.g. DiGeorge syndrome). This com-
ponent provides risk adjustment for important 
patient level factors when studying mortality in 
this population.  

    RACHS-1 Performance 

 The ability of RACHS-1 in discriminating mortal-
ity was published in the original article describing 
the RACHS-1 system by Jenkins et al. [ 2 ,  6 ]. 
Overall they found excellent discriminative capa-
bilities for the RACHS-1 method [Area under 
Receiver Operating Characteristics Curve (ROC): 
0.811–0.814]. The discriminative capability is 
largely determined by the procedural complexity 
Risk Categories (ROC: 0.784; using the PCCC 
dataset), however the addition of the patient level 
variables improved the capacity of RACHS-1 in 
discriminating mortality (ROC: 0.817 with addi-
tion of the three patient level variables and using 
the PCC dataset). The RACHS-1 system is 
reported to be able to assign 80–90 % of cases in 
any given dataset to Risk Categories for purposes 
of risk adjustment [ 6 ]. Unassigned cases can 
cause residual confounding and these cases 
should be carefully examined when using the 
RACHS-1 method [ 9 ].  

    Comparison of RACHS-1 with Other 
Risk Adjustment Methods 

 A number of recent studies have compared the 
RACHS-1 method to other existing risk adjust-
ment methods such as the Aristotle Basic 
Complexity (ABC) score and the more recent 
STS-EACTS score [ 7 ,  10 – 14 ]. The performance 
of the RACHS systems was both superior in 
some and inferior in others when compared to 
other methods in these studies. In a recent study 
using pediatric cardiac surgical cases from the 
Society of Thoracic Surgeons database by 
O’Brien et al., the ability to discriminate mortal-
ity across the currently available risk adjustment 
methods were comparable [ C - index  ( value 
 interpreted similar to ROC ) STS-EACTS 
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score = 0. 816; STS-EACTS categories = 0.812; 
RACHS-1 = 0.802; and ABC = 0.795; all methods 
included patient level factors] [ 7 ]. Type and com-
pleteness of procedural data available for catego-
rization, ability to assign the majority if not all 
patients to risk categories in a given dataset, and 
number of patient level variables available for use 
may all infl uence performance of each method.   

    Use of RACHS-1 Method 

 RACHS-1 can be used to compare mortality rates 
between centers and is perhaps most commonly 
used for this purpose [ 4 ,  15 ,  16 ]. RACHS-1 sys-
tem can be used to adjust for confounding from 
case-mix on mortality when studying the impact 
of patient, institutional, and other systems level 
issues on post-operative mortality following 
pediatric cardiac surgery. Although not common, 
RACHS-1 has been used to evaluate some mor-
bidity outcomes such as length of stay and dura-
tion of ventilation following pediatric cardiac 
surgery for CHD [ 17 ].  

    Limitations 

 All risk adjustment methods have limitations and 
these issues should be carefully considered prior 
to their use [ 2 ,  6 ,  13 ]. Some limitations for the 
RACHS-1 methods are described here. The 
RACHS-1 method was created to provide risk 
adjustment for comparing post-operative mortal-
ity between groups of patients undergoing con-

genital heart surgery. Thus RACHS-1 cannot be 
used to “predict” mortality for individual proce-
dures or categories of procedures. Some cardiac 
surgical procedures that cannot be defi ned using 
the ICD-9 or CPT coding systems may not be 
assigned to a RACHS-1 Risk Category and this 
can diminish the utility of the method. Certain 
distinct congenital heart disease diagnostic 
details can strongly infl uence risk of post- 
operative mortality; these issues are not captured 
by RACHS-1 and can result in misclassifi cation 
of complexity. Finally, RACHS-1 was developed 
in 2001 and that cardiac surgical outcomes have 
improved over time, its use for risk adjustment to 
study current post-operative mortality may 
require careful consideration.  

    Summary 

 The RACHS-1 method is a commonly used risk 
adjustment system for studying post-operative 
mortality in children with congenital heart disease. 
RACHS-1 categorizes cardiac surgical procedures 
based on complexity into six Risk Categories. 
Several patient levels factors included in RACHS-1 
provide adjustment for patient level risk. The abil-
ity of RACHS-1 to discriminate post-cardiac sur-
gical mortality in children undergoing cardiac 
surgery is excellent and compares well with other 
currently available methods. Ease of use, need for 
only limited number of commonly collected data 
fi elds, and the ability to use RACHS-1 method 
with any multicenter database, has resulted in its 
wide applicability.      
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     Appendix 1: The Risk Adjustment for Congenital Heart Surgery (RACHS-1) 
Categories (January 1, 2010)  

 Appendix 1 documents how the Risk Adjustment for Congenital Heart Surgery (RACHS-1) Catego ries 
are applied in the STS Congenital Heart Surgery Database and the EACTS Congenital Heart Surgery 
Database [ 18 ].    
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    Abstract  

  The Aristotle Score is a complexity stratifi cation system that was based 
initially on expert opinion, in absence of suffi cient objective data from 
databases. Because the scoring system was derived from opinions, we 
gave the name of Aristotle to this project.
   The Aristotle Score follows several rules and principles:   
 –   The Aristotle Score measures the complexity of surgical procedures. 

The Aristotle Score was designed to evaluate performance and not 
directly to predict mortality.  

 –   The complexity of a surgical procedure is a constant and is calculated 
with the following equation:

 Complexity =  Potential for Mortality + Potential for Morbidity 
+ Technical Diffi culty   

 –    The calculated complexity includes both the  Aristotle Basic Complexity 
Score  (ABC Score) and the  Aristotle Comprehensive Complexity Score  
(ACC Score).  

 –    Performance is calculated with the following equation: 

 Performance = Outcome × Complexity 

 – Several performances can be calculated by combining complexity with 
various outcomes.    

 Two steps are defi ned:
    1.    The  Aristotle Basic Complexity Score  ( ABC Score ) is calculated on 15 

points and is determined from the primary procedure of any operation   
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   2.    The  Aristotle Comprehensive Complexity Score  ( ACC Score ) is calcu-
lated on 25 points: The Aristotle Comprehensive Complexity Score 
equals the Aristotle Basic Complexity Score plus 5 points for  Procedure -
 dependent Factors  and 5 points for  Procedure - independent   Factors .     

 The  Aristotle Basic Complexity Score  was introduced in the 
Congenital Heart Surgery Database of The Society of Thoracic 
Surgeons (STS) and The European Association for Cardio-Thoracic 
Surgery (EACTS) in 2002 and has been instrumental for the success of 
these congenital databases. The  Aristotle Basic Complexity Score  was 
validated with a C-Index for mortality and morbidity of 0.70 and 0.67 
respectively. The  Aristotle Comprehensive Complexity Score  (  www.
aristotleinstitute.org    ) is used by many individual institutions with a 
C-Index of 0.860 to predict mortality. 

 In the future, the next version of the Aristotle Score, named Aristotle 
2, will be based on objective data provided by the new STAT Mortality 
Score and STAT Morbidity Score and will include an updated technical 
diffi culty index re-calculated based on expert opinion. New basic perfor-
mances for mortality, morbidity and technical diffi culty will be proposed. 
The  Aristotle Comprehensive Complexity Score  will be updated and 
simplifi ed and involve only around 70 procedures, including procedures 
performed on adults with congenital heart disease. New comprehensive 
performances will be proposed. The Aristotle 2 score will be ready in 
2015. Once validated, it should provide a fair assessment for evaluation 
of performances in congenital heart surgery. Furthermore, the Aristotle 
Score is responsible for multiple important contributions leading to the 
development of newer tools to evaluate cardiac surgical performance.  

  Keywords  

  Complexity   •   Congenital Heart Surgery   •   Quality of care   •   Performance   • 
  Aristotle Score   •   Aristotle Basic Complexity Score (ABC Score)   •   Aristotle 
Comprehensive Complexity Score (ACC Score)  

       According to Aristotle’s philosophy (Rhetoric, 
Book I, 350 BC):
When there is no scientifi c answer available, the 
opinion (Doxa) perceived and admitted by the 
majority has value of truth.   

    Introduction 

 Evaluation of quality of care in congenital cardiac 
surgery is challenging. Compared to adult cardiac 
surgery, congenital cardiac surgery covers a 
smaller pediatric population and deals with many 
times more different diagnoses and procedures. 

This challenge explains the delay needed in our 
specialty to establish professional databases in the 
United States of America and in Europe. 

 The take-off of the Congenital Heart Surgery 
Database of The Society of Thoracic Surgeons 
(STS) and The European Association for Cardio- 
Thoracic Surgery (EACTS) occurred following 
the creation of the International Congenital Heart 
Surgery Nomenclature and Database Project led 
by Constantine Mavroudis, MD and Jeffrey 
P. Jacobs, MD and published on The Annals of 
Thoracic Surgery in 2000 [ 1 ]. The other obstacle 
was that outcome was only based on hospital 
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mortality without any risk stratifi cation or 
 adjustment for case-mix. As a consequence, the 
prominent centers dealing with the most complex 
cases and having a greater mortality were very 
reluctant to send their data. The creation of the 
Aristotle Score [ 2 – 6 ], based on the International 
Congenital Heart Surgery Nomenclature and 
Database Project, contributed to the full growth 
of the STS and EACTS Congenital Heart Surgery 
Databases [ 7 ]. 

 The Aristotle Complexity Score project 
started in 2002, [ 2 ] and was published in 2004 [ 3 , 
 6 ]. The objective of the Aristotle Score is to mea-
sure performance and to allow fair and meaning-
ful comparison between centers and surgeons. 
The Aristotle Score is not specifi cally designed 
to predict mortality. 

 This chapter will focus on the role of the 
Aristotle Score in evaluating performance:
•    First, this chapter will describe what was 

accomplished in the last decade with the 
Aristotle Score and the STS and EACTS 
Congenital Heart Surgery Databases.  

•   Second, this chapter will present the plans for 
the development of the next generation of the 
Aristotle Score.  

•   Third, this chapter will present the evolution 
of the Aristotle Score and its contributions 
towards the development of newer tools to 
evaluate cardiac surgical performance.     

    Current Aristotle Score 

    Defi nition of Performance 

 Performance in congenital cardiac surgery is a “pro-
teiform” concept. The outcomes of surgery depends, 
in most cases, not solely on the surgeon but mainly 
on the performance of the entire team [ 8 ]:
•    the pediatric cardiologist who insure an accu-

rate diagnosis,  
•   the operative team including the surgeon and 

also the anesthetist and the perfusionist and  
•   the team in the intensive care unit.    

 We believe that several performances should 
be studied and analyzed separately, depending on 
the outcome considered. Since the inception 
of analysis of outcomes of pediatric and congen-

ital cardiac care, quality has been essentially 
measured based on operative mortality. Although 
assessment of mortality is essential, it is insuffi -
cient as it involves only around 4 % of the patients 
and therefore 96 % are excluded from the assess-
ment. Instead of a assessing the unique and sin-
gular performance of mortality, the Aristotle 
Score is trying to evaluate all the aspect of con-
genital cardiac surgery, as shown in Table  27.1 .

   The Aristotle Score has focused on the fi rst 
three performances documented in Table  27.1 , 
based on mortality, morbidity and technical dif-
fi culty. Long term results, patient satisfaction and 
hospital cost are equally important but are not 
included in the Aristotle Score.  

    The Concept of Complexity 

 The Aristotle score propose a new and original 
approach to evaluate quality based on complexity. 
It is important to consider that complexity is dif-
ferent from risk [ 2 – 6 ]. The risk of mortality and 
morbidity of a Norwood operation is less in a large 
center with optimal experience and greater in a 
small center still confronted to a learning curve.
•     Risk is a variable factor and varies from center 

to center and even from surgeon to surgeon   
•    Complexity is designed to be a constant. 

Complexity is a calculated value based  on the 
following algorithm that is evaluated for each 
procedure:

Complexity =  Potential for Mortality 
+ Potential for Morbidity 
+ Technical Diffi culty    

    Table 27.1    Six performances can be defi ned according 
to outcomes   

 Outcome  Performance 

 Mortality  Safety 
 Morbidity  Effi ciency 
 Technical diffi culty  Profi ciency 
 Long-term results  Quality 
 Patient satisfaction  Reputation 
 Cost  Economical performance 

  The Aristotle Score focuses only on the fi rst three perfor-
mances: safety, effi ciency and profi ciency. The other three 
are equally important  
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Initially [ 3 ],  the potentials  for mortality and mor-
bidity were calculated by expert opinion and were 
subjective. Recently, the methodology for deter-
mining the fi rst two factors, potential for mortality 
and potential for morbidity, has transitioned from 
subjective probability (expert opinion) to determi-
nation based on raw data from databases, and is 
therefore objective. The methodology to estimate 
the third factor, technical diffi culty, remains sub-
jective, but might approach more objectivity in 
the future in using the Technical Performance 
Score developed in Boston under the leadership 
of Emile Bacha [ 9 – 12 ]. 

 The calculation of complexity using the 
Aristotle Score is done in  two steps .
•     The fi rst step gives the   Aristotle Basic 

Complexity Score  ( ABC Score ) (Fig.  27.1 ). 
The  Aristotle Basic Complexity Score  is a 
simplifi ed score that is calculated on 15 points 
and is determined from the primary procedure 
of any operation. The Aristotle Basic 
Complexity Score was ultimately also divided 
in four levels of complexity. The Aristotle 
Basic Complexity Score can be analyzed 

using these four categories, which are known 
as the  Aristotle Basic Complexity Levels . 
The  Aristotle Basic Complexity Score  and the 
 Aristotle Basic Complexity Levels  were intro-
duced in the Congenital Heart Surgery 
Database of The Society of Thoracic Surgeons 
(STS) and The European Association for 
Cardio-Thoracic Surgery (EACTS) in 2002 
and have been instrumental for the success of 
these congenital databases. The accuracy of 
the  Aristotle Basic Complexity Score  and the 
 Aristotle Basic Complexity Levels  are limited 
because of wide variations in complexity 
within a given procedure such as the Norwood 
(Stage 1) operation.

•       The second step is the   Aristotle 
Comprehensive Complexity Score  (ACC 
Score) (Fig.  27.1 ) that increases the potential 
for mortality, the potential for morbidity, and 
technical diffi culty by adding procedure 
dependent factors and procedure indepen-
dent factors. The Aristotle Comprehensive 
Complexity Score is calculated on 25 points: 
The Aristotle Comprehensive Complexity 

Complexity 25
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15

0

Procedure independent factors

Procedure dependent factors
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  Fig. 27.1    Aristotle    Score. The Aristotle Basic Complexity 
Score is calculated on 15 points and is determined from the 
primary procedure of any operation. The Aristotle 
Comprehensive Complexity Score equals the Aristotle Basic 

Complexity Score plus 5 points for Procedure-dependent 
Factors and 5 points for Procedure- independent Factors. 
Therefore, the Aristotle Comprehensive Complexity Score is 
calculated on 25 points (  www.thearistotleinstitute.org    )       
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Score equals the Aristotle Basic Complexity 
Score plus 5 points for  Procedure - dependent 
Factors  and 5 points for  Procedure -
 independent Factors . Procedure-dependent 
factors include anatomical factors, associ-
ated procedures, and age at procedure, and 
procedure independent factors include gen-
eral factors, clinical factors, extracardiac fac-
tors, and surgical factors. Each factor is 
scored for contribution to mortality, morbid-
ity, and technical diffi culty. All complexity 
factors meet the following requirements: pre-
cisely quantifi able, easily available, admitted 
by a majority, and verifi able. These  additional 
complexity factors (procedure dependent 
factors and procedure independent factors) 
are based on subjective opinions and will 
remain so for several years until the  databases 
produce an accurate risk- stratifi cation for 
each procedure. The  Aristotle Comprehensive 
Complexity Score  is available on the Aristotle 
website: [  www.thearistotleinstitute.org    ]. The 
 Aristotle Comprehensive Complexity Score  
has not been used so far in the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database. Multiple 
individual institutional studies have docu-
mented the utility of the  Aristotle 
Comprehensive Complexity Score  [ 13 ,  14 ] 
(see below in validation). Perhaps the most 
important multi-institutional contribution of 
the  Aristotle Comprehensive Complexity 
Score  to date has been that its components 
have been incorporated into the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
and have been used to inform the upgrade of 
these databases.    
 It is obvious that a relationship exists between 

complexity, outcome, and performance. We have 
proposed a simple equation to measure 
performance:

Performance = Complexity × Survival

To summarize, there are fi ve principles behind 
the complexity concept:   

    Why Technical Diffi culty? 

 In sports, the concept of complexity is widely used. 
The complexity of ski slopes is defi ned by colors. 
In gymnastics [ 15 ], diving, and fi gure skating, the 
activities attempted by the athletes are ranked 
according to a complexity score established by the 
judges. An athlete performing a low complex activ-
ity cannot obtain the maximum score. 

 Two main reasons support the inclusion of 
technical diffi culty in the evaluation of 
performance: 

 First, it has been quite a surprise to observe on 
raw data from the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database that several complex proce-
dures were performed with extremely low mor-
tality, such as the arterial switch for transposition 
of the great arteries with intact ventricular sep-
tum and the Ross procedure [ 16 ]. Within a sys-
tem of risk stratifi cation that is exclusively based 
today on mortality, these procedures are 
 considered as average diffi culty. The reality how-
ever, is that most of those complex procedures 
are only performed by senior experienced sur-
geons. The addition of the component of techni-
cal diffi culty allows one to evaluate the 
complexity fairly, and therefore evaluate the per-
formance of the surgeon fairly. 

 Furthermore, the technical diffi culty of a given 
procedure is not constant. An arterial switch 

    1.     The Aristotle Score is a tool to evaluate 
performance and not directly to predict 
mortality    

   2.     Complexity is a constant    
   3.     Complexity   =   Sum of Potential for 

Mortality   +   Potential for Morbidity   +   
Technical Diffi culty    

   4.     The true calculated complexity includes 
both the Aristotle Basic Complexity 
Score and the Aristotle Comprehensive 
Complexity Score    

   5.     Performance   =   Complexity × Outcome     
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operation in a patient with an intramural coro-
nary artery is more challenging than with in a 
patient with the usual pattern of coronary arter-
ies. The technical diffi culty in the  Aristotle 
Comprehensive Complexity Score  integrates 
these anatomical variations and provides more a 
fair assessment. 

 The second reason supporting the inclusion of 
technical diffi culty in the evaluation of perfor-
mance is that the current evaluation of quality is 
able to say “If we do things right” but is unable to 
say “If we do the right things”. For example, the 
ongoing controversy involving the management 
of patients with hypoplastic left heart syndrome 
involves uncertainty as to whether the Norwood 
(Stage 1) Operation is the best option for all 
patients or whether some patients will benefi t 
from a less complex operation: the Hybrid Stage 
One. Many other examples exist where some sur-
geons prefer to choose a simple procedure, which 
may not be optimal for the long term results: 
Fontan versus repair of complex intracardiac 
repair for patients with complex double outlet 
right ventricle with remote ventricular septal 
defect, and even or mitral valve replacement ver-
sus mitral valve repair. We advocate that surgeons 
should perform the “right” operation, even if this 
operation is more demanding.   

  Methodology of the Aristotle Score 

  Methodology of the Aristotle Basic 
Complexity Score and Aristotle 
Basic Complexity Level 
 The Aristotle methodology to facilitate 
complexity adjustment is based upon the 
work of the Aristotle Committee. Starting 
in 2002, the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database incorporated the 
Aristotle Basic Complexity Score and 
Aristotle Basic Complexity Level in their 
analysis of discharge mortality analyses 
[ 17 ]. These complexity scores and levels 
can be reported by year, center, age group, 
and procedure. The complexity analysis 

represents a basic complexity adjustment 
method to evaluate surgical results 
(Complexity is a constant precise value for 
a given patient at a given point in time; per-
formance varies between centers and sur-
geons. In other words, in the same exact 
patient with the same exact pathology, 
complexity is a constant precise value for 
that given patient at a given point in time. 
The risk for that patient will vary between 
centers and surgeons because performance 
varies between centers and surgeons.). 

 The Aristotle complexity scoring was 
based on the primary procedure of a given 
operation as defi ned by the short list of pro-
cedures of the EACTS-STS International 
Nomenclature [ 1 ] and was evaluated in two 
steps. The fi rst step was the Aristotle Basic 
Complexity Score, defi ning, basically, the 
complexity through three factors: the 
potential for mortality, the potential for 
morbidity, and the technical diffi culty of 
the operation, using a questionnaire fi lled 
out by 50 surgeons representing interna-
tional centers. Only the Aristotle Basic 
Complexity Score (1.5–15) and Aristotle 
Basic Complexity Level (four levels: 1–4) 
are used in the STS Congenital Heart 
Surgery Database and the EACTS 
Congenital Heart Surgery Database 
(Appendix  1 ). 

 The Aristotle Basic Complexity Score is 
created from a survey of all 50 of the 
Aristotle project congenital surgeon par-
ticipants. Participants were asked to rank 
all procedures from the EACTS-STS 
Minimal Database Procedure Short List 
[ 1 ]. Each procedure was scored with a 
score of 0.5–5 in three areas: potential for 
mortality, potential for morbidity, and tech-
nical diffi culty. Guidelines were provided 
to the Aristotle project participants. Five 
levels of suggested scoring were provided 
for each of these three areas, with each sug-
gested level worth 1 point: potential for 
mortality (less than 1, 1–5 %, 5–10 %, 
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    Results of the Aristotle Score 

  The Aristotle Basic Complexity Score  was fi rst 
introduced in the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database in 2002 [ 17 ] and allowed origi-
nal risk stratifi cation with production of quite 
useful graphs to evaluate performance. 

 Figure  27.2  is a Bubble Chart that displays the 
outcomes of 42 institutions and 12,576 patients 
[reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS 
Congenital Heart Surgery Database, EACTS 
2004 database annual report]. The Aristotle Basic 
Complexity Score is plotted against Mortality 
combined. Each bubble represents a different 
center, and the size of the bubble correlates with 
programmatic volume. The graph allows one to 
defi ne 4 quadrants, based on averages:  the best 
performing centers are in the lower right quad-

10–20 %, and greater than 20 %), potential 
for morbidity (based on estimated intensive 
care unit [ICU] stay: 0–24 h, 1–3 days, 
4–7 days, 1–2 weeks, and greater than 
2 weeks), and technical diffi culty (elemen-
tary, simple, average, important, and 
major). The points (0.5–5) from each of 
these three areas were added together to 
give a total of 1.5–15. For each procedure, 
the median value of mortality, morbidity, 
and technical diffi culty obtained from the 
50 centers was calculated. The sum of these 
three median values gives the fi nal Aristotle 
Basic Complexity Score for each proce-
dure (Appendix  1 ). The distribution of the 
scoring among the centers was, in general, 
quite uniform, although some rare or new 
procedures had a large dispersion. 

 In addition to assigning each procedure 
an Aristotle Basic Complexity Score rang-
ing from 1.5 to 15, each procedure was next 
assigned an Aristotle Basic Complexity 
Level ranging from 1 through 4 based on 
the Aristotle Basic Complexity Score (basic 
score of 1.5–5.9 = basic level of 1, basic 
score of 6.0–7.9 = basic level of 2, basic 
score of 8.0–9.9 = basic level of 3, and basic 
score of 10.0–15.0 = basic level of 4). 

 In the initial application of the Aristotle 
Basic Complexity Score in the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
[ 17 ], 145 procedures from the EACTS-STS 
procedure short list were scored and 29 
procedures were in level 1, 46 procedures 
were in level 2, 45 procedures were in level 
3, and 25 procedures were in level 4. Since 
this initial application, additional proce-
dures have been added to the nomenclature 
and have been assigned Aristotle Basic 
Complexity Scores and Aristotle Basic 
Complexity Level. The Aristotle Basic 
Complexity Level provides a broad gener-
alization of complexity by dividing surgi-
cal procedures into four complexity 
categories. Meanwhile, the Aristotle Basic 

Complexity Score can provide more pre-
cise complexity stratifi cation. Both the 
score and the level are useful tools; the 
appropriate tool can be chosen to match the 
required analysis. 

  Methodology of the Aristotle 
Comprehensive Complexity Score 
 The Aristotle Comprehensive Complexity 
Scores add two sorts of complexity modi-
fi ers: procedure- dependent factors 
(including anatomical factors, associated 
procedures, and age at procedure) and 
procedure-independent factors (including 
general factors, clinical factors, extracar-
diac factors, and surgical factors). Each 
factor is scored for contribution to mor-
tality, morbidity, and  technical diffi culty. 
All complexity factors meet the  following 
requirements: precisely quantifi able, eas-
ily available, admitted by a majority, and 
 verifi able. The Aristotle Committee is 
currently involved in ongoing research to 
validate this complexity adjustment scor-
ing system on a multi-institutional basis. 
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rant , with higher complexity and lower mortality. 
Notice that the best performing centers are not 
always largest ones.

   Figure  27.3  is a Bubble Chart that displays the 
outcomes of 226 surgeons [reproduced with per-
mission from Bohdan Maruszewski, MD, Chair of 
the EACTS Congenital Heart Surgery Database, 
EACTS 2004 database annual report]. The 
Aristotle Basic Complexity Score is plotted against 
Mortality combined. Each bubble represents a dif-
ferent surgeon, and the size of the bubble corre-
lates with the volume of cases performed by the 
individual surgeon. The graph also allows one to 
defi ne 4 quadrants, based on averages:  the best 
performing surgeons are in the lower right quad-
rant , with higher complexity and lower mortality.

   The  Aristotle Basic Complexity Score  is cal-
culated on 15 points and is determined from the 

primary procedure of any operation. The Aristotle 
Basic Complexity Score was ultimately divided 
in four levels of complexity. The Aristotle Basic 
Complexity Score can be analyzed using these 
four categories, which are known as the  Aristotle 
Basic Complexity Levels  (Fig.  27.4 ). Meanwhile, 
the  Risk Adjustment in Congenital Heart 
Surgery  ( RACHS - 1 ) has six categories (Fig.  27.4 ) 
[ 18 ]. Figure  27.4  displays the increment of mor-
tality as the Aristotle Basic Complexity Levels 
and RACHS-1. The results are very similar, 
showing a good discrimination for the two sys-
tems. The  Aristotle Basic Complexity Score  
includes 94 % of operations while the RACHS-1 
includes 86 % [ 19 ].

   RACHS-1 Category 5 is quite small, com-
posed of patients who undergo combined repair 
of Truncus arteriosus and Interrupted aortic arch 

Basic score vs mortality groupted by institutions
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  Fig. 27.2    This Bubble Chart displays the outcomes of 42 
institutions and 12,576 patients. The Aristotle Basic 
Complexity Score is plotted against Mortality. Each bub-
ble represents a different center, and the size of the bub-
ble correlates with programmatic volume. Bubbles of 
different size represent the volume of centers. The graph 
allows one to defi ne 4 quadrants, based on averages: the 

best performing centers are in the lower right quadrant, 
with lower mortality and higher complexity. Notice that 
the best performing centers are not always the largest 
ones (Reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS Congenital 
Heart Surgery Database, EACTS 2004 database annual 
report)       
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repair. Therefore, at the analytic level, RACHS-1 
Category 5 is usually combined with RACHS-1 
Category 6, which includes:
•    Damus-Kaye-Stansel procedure (DKS) (cre-

ation of AP anastomosis without arch 
reconstruction)  

•   Hybrid Approach “Stage 2”, Aortopul-
monary amalgamation + Superior Cavopul-
monary anastomosis(es) + PA Debanding +  
Aortic  arch repair (Norwood [Stage 1] +  
Superior Cavopulmonary anastomosis(es) + PA 
Debanding)  

•   Norwood procedure    
 The exclusivity of the combined RACHS-1 

Category 5 and RACHS-1 Category 6 allows for 
enhanced discrimination for prediction of mortality 
using RACHS-1. It is important to remember that 
the Aristotle Score was initially designed to measure 
performance and not to predict mortality; however, 

Aristotle Basic Complexity Score actually does also 
quite well with prediction of mortality [ 20 ]. 

 The results of the  Aristotle Comprehensive 
Complexity Score  are encouraging, but have 
been so far only been published by individual 
institutions and not by the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database (Perhaps 
the most important multi-institutional contribu-
tion of the  Aristotle Comprehensive Complexity 
Score  to date has been that its components have 
been incorporated into the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database and have 
been used to inform the upgrade of these data-
bases.). As expected, these individual institu-
tional analyses have documented that the 
discrimination of the  Aristotle Comprehensive 
Complexity Score  is superior. The reason for 
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  Fig. 27.3    This Bubble Chart displays the outcomes of 
226 surgeons. The Aristotle Basic Complexity Score is 
plotted against Mortality. Each bubble represents a differ-
ent surgeon, and the size of the bubble correlates with the 
volume of cases performed by the individual surgeon. 
The graph also allows one to defi ne 4 quadrants, based on 

averages: the best performing surgeons are in the lower 
right quadrant, with lower mortality and higher complex-
ity (Reproduced with permission from Bohdan 
Maruszewski, MD, Chair of the EACTS Congenital 
Heart Surgery Database, EACTS 2004 database annual 
report)       
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  Fig. 27.4    (a) Aristotle    
Basic Complexity Score and 
(b) RACHS-1 Categories 
versus mortality, by 
categories (four categories for 
Aristotle Basic Complexity 
Score and fi ve categories for 
RACHS-1)       
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  Fig. 27.5    Figure plots the Aristotle Basic Complexity 
Score (x-axis) versus the Aristotle Comprehensive 
Complexity Score (y-axis), in an analysis of 2,655 opera-
tions. Figure shows the incremental increased complexity 
documented in many operations due to the introduction 

of Procedure Dependent Factors and Procedure 
Independent Factors. Notice the wide increase in com-
plexity for many operations following the addition of 
procedure dependent factors and procedure independent 
factors       
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this superior performance is that the  Aristotle 
Comprehensive Complexity Score  is calculated 
based on 25 points, with the addition of many 
modifi ers (Procedure Dependent Factors and 
Procedure Independent Factors) that improve 
its accuracy. Figures  27.5  and  27.6  are produced 
from the Aristotle Comprehensive Complexity 
Score Study Committee, [  www.aristotleinsti-
tute.org    ] and include 2,655 operations from 
12 centers.   

  The introduction of the performance equation  
has been a source of controversy:

Performance = Complexity × Outcome

The EACTS [  http://www.eactscongenitaldb.org    ] 
have used this equation to measure performance. 

Table  27.2  shows the stagnation of performance 
at the EACTS Congenital Heart Surgery 
Database, while the mortality decreases. We 
assume that this fi nding is a consequence of the 
decreased number of Norwood operations per-
formed at centers participating in the EACTS 
Congenital Heart Surgery Database. This trend 
may be related to the development of the prenatal 
diagnosis.

       Validation of the Aristotle Score 

  The validation of the Aristotle Basic Complexity 
Score  was studied [ 20 ] using data from the 
EACTS Congenital Heart Surgery Database 
(17,838 operations, 56 centers) and the STS 
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  Fig. 27.6    Figure plots Aristotle 
Comprehensive Complexity 
Score (ACCS Level) versus 
Mortality. Notice the very 
severe observed mortality of 
21.4 and 41.7 % when the 
Aristotle Comprehensive 
Complexity Score is beyond 15 
and 20, respectively       

   Table 27.2    Evolution of performance within the EACTS Congenital Heart Surgery Database   

 Year  Performance  Mean BS  Mean MS  No. of patients  30 days mortality (%) 

 2012  6.71  6.93  0.68  13,870 patients  3.17 
 2011  6.74  6.96  0.67  14,999 patients  3.22 
 2010  6.7  6.92  0.65  15,312 patients  3.21 
 2009  6.74  7.01  0.68  12,676 patients  3.76 
 2008  6.77  7.05  0.7  12,012 patients  4.00 
 2007  6.87  7.14  0.7  11,050 patients  3.71 

  Reproduced with permission from Bohdan Maruszewski, MD, Chair of the EACTS Congenital Heart Surgery Database 
(  http://www.eactscongenitaldb.org    ) 
  BS  basic score,  MS  mortality score  
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Congenital Heart Surgery Database (18,024 
operations, 32 centers). “Discrimination of the 
ABC score for predicting in-hospital mortality 
and postoperative length of stay (PLOS) of 
more than 21 days was quantifi ed by the C sta-
tistic. Procedure-specifi c rates of mortality and 
prolonged PLOS were compared with predic-
tions from a logistic regression model, and an 
exact binomial test was used to identify proce-
dures that were mortality and morbidity outli-
ers” [ 20 ]. This analysis revealed that a 
signifi cant positive correlation exists between 
the Aristotle Basic Complexity Score of a pro-
cedure and its observed procedure-specifi c risk 
of mortality (C = 0.70) and prolonged PLOS 
(C = 0.67) (Fig.  27.7 ). It was concluded that the 
Aristotle Basic Complexity Score [ 20 ] “gener-
ally discriminates between low-risk and high-
risk congenital procedures making it a 
potentially useful covariate for case-mix adjust-
ment in congenital heart surgery outcomes 
analysis. Planned revisions of the ABC score 
will incorporate empirical data and will benefi t 
from the large sample sizes of the STS and 
EACTS databases.”

    The validation of the Aristotle Comprehensive 
Complexity Score  was achieved by several 
individual institutions and the  Aristotle 

Comprehensive Complexity Score  was used to 
study and compare outcomes of several complex 
procedures:
•    The Aristotle Comprehensive Complexity 

Score was proposed in Germany as a refer-
ence for “pay for performance” and hospital 
reimbursement [ 21 – 28 ]  

•   For patients undergoing the Norwood (Stage 
1) Operation, the Aristotle Comprehensive 
Complexity Score was found to be correlated 
with total cardiac output during the early post-
operative period [ 29 ].  

•   In patients undergoing surgery for hypoplastic 
left heart syndrome, the Aristotle Comprehensive 
Complexity Score was correlated with survival 
[ 30 ,  31 ]  

•   In low weight patients placed on cardio- 
pulmonary bypass, the Aristotle Comprehensive 
Complexity Score was  correlated with sur-
vival [ 32 ].  

•   In post-operative extracorporeal membrane 
oxygenation (ECMO), the Aristotle Compre-
hensive Complexity Score was correlated with 
survival [ 33 ].  

•   In patients undergoing surgery for Truncus 
Arteriosus with Interrupted Aortic Arch, the 
Aristotle Comprehensive Complexity Score 
was correlated with survival [ 34 ].  
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  Fig. 27.7    Validation of the Aristotle Basic Complexity Score [ 20 ]. C-Index of 0.70 for prediction of mortality (a) and 
0.67 for prediction of Hospital Length of Stay ( LOS ) (b)       
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•   The Aristotle Comprehensive Complexity 
Score was used to evaluate the progress of 
an institution [ 35 ]. “A high correlation 
was found between the ACC scores and mor-
tality, indices of morbidity and technique dif-
fi culty, Spearman’s correlation coeffi cient r 
being 0.9856, 1 and 0.9429, respectively. 
Mortality (p = 0.037) and morbidity 
(p = 0.041) were lower in year 2007 than in 
2002, surgical   performance being not signifi -
cantly different.”  

•   In patients undergoing the arterial switch 
operation, the Aristotle Comprehensive 
Complexity Score was correlated with mor-
bidity [ 36 ] and to mortality [ 37 ].  

•   The Aristotle Comprehensive Complexity 
Score was associated with the hospital length 
of stay in neonatal congenital cardiac surgery 
[ 38 ].  

•   In adults with congenital cardiac disease [ 39 ], 
the  Aristotle Comprehensive Complexity 
Score  was correlated with 30 day mortality 
with a C-Index of 0.755.  

•   The  Aristotle Score  was used to evaluate the 
impact of surgical volume on outcomes [ 40 ].  

•   The  Aristotle Comprehensive Complexity 
Score  was evaluated at the Necker Children’s 
Hospital in Paris on a cohort of 1,454 patients. 
The  Aristotle Comprehensive Complexity 
Score  was strongly related to mortality, with a 
C-Index of 0.86 [ 41 ].    
 The  Aristotle Comprehensive Complexity 

Score  compares favorably with all the existing 
models of complexity stratifi cation, with a 
C-Index of 0.860, as shown in Table  27.3 .

       Limitation of the Current Aristotle 
Scores 

 Complexity scores can incorporate only a fi nite 
number of known factors [ 17 ]. True complexity 
is related to both these known factors and other 
factors we may not know or measure. Although 
complexity itself is a constant precise value for a 
given patient at a given point in time, the Aristotle 
Basic Complexity Score, the Aristotle Basic 
Complexity Level, and the Aristotle Compre-
hensive Complexity Score all represent estimates 
to measure complexity. 

 Two Aristotle Scores exist: The  Aristotle 
Basic Complexity Score  and the  Aristotle 
Comprehensive Complexity Score . Since its 
introduction [ 3 ], it was made clear that the 
 Aristotle Comprehensive Complexity Score  will 
be a more accurate score, not only to predict mor-
tality but moreover to measure performance. 

 The expert opinion based system was initially 
judged inappropriate [ 42 ,  43 ]. In reality, the 
expert opinion is used in many disciplines and is 
objectively manageable using Bayesian statistics 
[ 16 ,  20 ,  44 ,  45 ]. When we started the new ver-
sions of the STS and EACTS Congenital Heart 
Surgery Databases in 2000 using the new interna-
tional nomenclature based on the International 
Congenital Heart Surgery Nomenclature and 
Database Project, data about risk-stratifi cation 
was not available. The only option was fi rst to 
create a system of risk stratifi cation based on 
expert opinion. The Aristotle Basic Complexity 
Score has been very instrumental to facilitate the 
growth of the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database: the most active centers are no 
longer reluctant to send their data, as a higher 
mortality was supported by a higher complexity. 
The transition and ultimate switch to a system of 
risk stratifi cation based on raw, observed, objec-
tive data [ 16 ,  45 ] was ultimately made when 
enough data was accumulated in the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database (see 
below). 

 The combination of the three variables (poten-
tial for mortality, potential for morbidity, and 

    Table 27.3    Comparison of risk stratifi cation models, for 
prediction of mortality. The Aristotle Comprehensive 
Complexity Score has the highest score C-Statistic [ 20 ]   

 Risk stratifi cation modeling  C-Index 

  Aristotle Comprehensive Complexity 
Score  a  

  0860  

 STAT Mortality Score b   0816 
 STAT Mortality Categories b   0812 
 RACHS-1 Categories b   0802 
 Aristotle Basic Complexity Score b   0795 

   a O’Brien et al. [ 20 ] 
  b Artrip et al. [ 30 ]  
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technical diffi culty) in the Aristotle system has 
limited the power to predict mortality as it is also 
looking at two additional outcomes (potential for 
morbidity and technical diffi culty). Nevertheless, 
it is noticeable that the Aristotle Comprehensive 
Complexity Score has today the best correlation 
to predict mortality (Table  27.3 ) [ 41 ]. 

 To date, the Aristotle Comprehensive 
Complexity Score has not been introduced in the 
STS Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database 
because it was felt that a scientifi c evaluation was 
required, which, we believe, it has since gained 
with many publications. However, the Aristotle 
Comprehensive Complexity Score is judged 
complicated and not user friendly. Meanwhile, 
the mortality in our specialty is today essentially 
limited to very complex patients who accumulate 
multiple risk factors that are not all included in 
any database. Using a more accurate system 
of system of risk stratifi cation seems necessary 
to explain the cause of mortality and morbidity 
of the most complex patients, namely “those 
who die”. Perhaps the most important multi- 
institutional contribution of the Aristotle Com-
prehensive Complexity Score to date has been 
that its components have been incorporated into 
the STS Congenital Heart Surgery Database 
and the EACTS Congenital Heart Surgery 
Database and have been used to inform the 
upgrade of these databases, with the goal of 
increasing the accuracy of the methodology of 
risk stratifi cation. 

 The treatment of adults with congenital car-
diac disease has become a major component of 
our specialty. The Aristotle Comprehensive 
Complexity Score has been applied quite suc-
cessfully to analyze the surgical outcomes of 
adults with congenital cardiac disease [ 39 ]. 
Nevertheless, it is insuffi cient. The  Aristotle 
Comprehensive Complexity Score  for surgery in 
adults with congenital cardiac disease will 
include in the future many risk factors specifi c to 
the adult patients. 

 Aware of the current limitations of the 
Aristotle Score [ 38 ], The Aristotle Committee is 
today developing an Aristotle 2 model that is 
summarized below. The fi rst step is to incorpo-

rate the objectively derived STAT Mortality 
Score and the STAT Morbidity Score.   

    New Aristotle 2 Scores 

    From Subjective to Objective 
Evaluation: The STAT Mortality Score 
and the STAT Morbidity Score 

  The STAT Mortality Score  was introduced in 2009 
[ 16 ].  The STAT Mortality Score  is a mortality 
score or mortality index. Mortality risk was esti-
mated for 148 types of operative procedures using 
data from 77,294 operations entered into the 
EACTS Congenital Heart Surgery Database 
(33,360 operations) and the STS Congenital Heart 
Surgery Database (43,934 patients) between 2002 
and 2007. Procedure-specifi c mortality rate esti-
mates were calculated using a Bayesian model 
that adjusted for small denominators. Each proce-
dure was assigned a numeric score (the STS–
EACTS Congenital Heart Surgery Mortality 
Score [2009] or STAT Mortality Score) ranging 
from 0.1 to 5.0 based on the estimated mortality 
rate. Procedures were also sorted by increasing 
risk and grouped into fi ve categories (the STS–
EACTS Congenital Heart Surgery Mortality 
Categories [2009] or STAT Mortality Categories) 
that were chosen to be optimal with respect to 
minimizing within- category variation and maxi-
mizing between- category variation. The STAT 
Mortality Score and STAT Mortality Categories 
could predict mortality with a C-index for the 
score and the categories of 0.784 and 0.773, 
respectively. (It was noticed that the Aristotle 
Basic Complexity Score, based on expert opinion, 
had over- evaluated the risk of mortality for sev-
eral procedures.) 

  The STAT Morbidity Score  followed in 2013 
[ 45 ], after a very long debate around its defi ni-
tion. The STAT Morbidity Score was created 
because it was felt very necessary to evaluate the 
morbidity of the 96 % of patients surviving the 
operation; whose quality assessment was ignored 
in a system based only on mortality. The STAT 
Morbidity Score was developed using data from 
62,851 operations in the STS Congenital Heart 
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Surgery Database (2002–2008). Model-based 
estimates with 95 %Bayesian credible intervals 
were calculated for each procedure’s average risk 
of major complications and average postopera-
tive length of stay. These 2 measures were com-
bined into a composite morbidity score. A total 
of 140 procedures were assigned scores ranging 
from 0.1 to 5.0 and sorted into fi ve relatively 
homogeneous categories. It is expected that the 
impact of the STAT Morbidity Score will be very 
important to compare hospital cost between cen-
ters in the future. 

 The STAT Mortality Score and the STAT 
Morbidity Score are objectively derived and may 
replace the subjectively derived “potential for 
mortality” and “potential for morbidity” in the 
Aristotle Score.  The technical diffi culty compo-
nent of the Aristotle Score  remains today based 
on expert opinion. In 2009, the Congenital 
Data Base Committee produced a new ranking of 

technical diffi culty based on 148 procedures. 
Procedures with highest technical diffi culty are 
listed on Table  27.4 .

       Timing 

 The development of the Aristotle 2 score will start 
when the STS and EACTS have accumulated suf-
fi cient data on the Morbidity Score. It is expected 
that the new score will be  available in 2015 .  

    Adults with Congenital Cardiac 
Disease 

 A score for adults with congenital cardiac disease 
will be developed using new adult specifi c proce-
dure independent factors required for the adult 
population [ 39 ]  

    Simplifi cation of the Aristotle Scores 

  The Aristotle Basic Complexity Score 2  (ABS2) 
will be calculated, using the objective STAT 
Mortality Score and STAT Morbidity Score are. 
The technical Diffi culty will remain based on 
expert opinion. A new Technical Diffi culty may 
eventually be produced, incorporating the 
Surgical Performance data available from the 
Technical Performance Score developed in 
Boston under the leadership of Emile Bacha 
[ 9 – 12 ]. 

 The Aristotle Basic Complexity Score 2 will 
be calculated with the following equation:

Complexity =  STATM ortality Score 
+ STAT Morbidity Score 
+ Technical Diffi culty

 The Aristotle Comprehensive Complexity Score 2  
(ACS2) will remain based again on expert opin-
ion. An international committee of expert cen-
ters, surgeons, and intensivists will insure the 
defi nition of the procedure-dependent factors and 
procedure-independent factors [ 46 ,  47 ]. 

 The Aristotle Comprehensive Complexity 
Score 2 will be  reduced to 70 procedures  out of 

   Table 27.4    Technical diffi culty ranking of the 15 most 
technically demanding procedures   

 Technical 
diffi culty ranking  Procedures 

 1  Congenitally corrected TGA repair, 
Atrial switch and ASO (Double 
switch) 

 2  Norwood procedure 
 3  Ross-Konno procedure 
 4  HLHS biventricular repair 
 5  Arterial switch procedure and VSD 

repair + Aortic arch repair 
 6  Fontan revision or conversion 

(Re-do Fontan) 
 7  Aortic root replacement, Valve 

sparing 
 8  Transplant, Heart and lung 
 9  Truncus + IAA Repair 
 10  Congenitally corrected TGA repair, 

Atrial switch and Rastelli 
 11  Arterial switch operation (ASO) 

and VSD repair 
 12  Pulmonary atresia – VSD – 

MAPCA (pseudotruncus) repair 
 13  Arterial switch procedure + Aortic 

arch repair 
 14  Congenitally corrected TGA repair, 

VSD closure and LV to PA conduit 
 15  Truncus arteriosus repair 
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180, by selecting the 20 most frequent proce-
dures (with the exception of “PDA closure”) and 
the procedures for most complex pathologies. 
The nine pathologies studied in the Lesion 
Specifi c Section of the STS Congenital Heart 
Surgery Database Feedback Report will be 
included:
    1.     Atrial Septal Defect  ( ASD )   
   2.     Ventricular Septal Defect  ( VSD )   
   3.     Coarctation of the Aorta  ( COA )   
   4.     Tetralogy of Fallot  ( TOF )  Palliation    
   5.     Tetralogy of Fallot  ( TOF )  Repair    
   6.     AV Canal  ( AVC )  Defect    
   7.     Aortic Stenosis and Insuffi ciency  ( ASAI )   
   8.     Transposition of the Great Arteries  ( TGA )   
   9.     Hypoplastic Left Heart Syndrome  ( HLHS ) 

( Norwood procedure ,  Damus – Kaye – Stansel 
procedure  [ DKS ]  and Hybrid procedures )    
  The Aristotle Comprehensive Complexity 

Score 2 will also include 11 other pathologies 
and cardiac transplantation:
    1.     Adults with Congenital Cardiac Disease ,   
   2.     Truncus Arteriosus ,   
   3.     Corrected Transposition ,   
   4.     Double Outlet Right Ventricle  ( DORV ),   
   5.     Interrupted Aortic Arch  ( IAA ),   
   6.     Abnormal origins of coronary arteries ,   
   7.     Total anomalous pulmonary venous return  

( TAPVR ),   
   8.     Mitral Valve Stenosis and Regurgitation ,   
   9.     Ebstein ’ s repair ,   
   10.     Functionally univentricular heart  

( Cavopulmonary anastomoses and Fontan 
procedures ),  and    

   11.     Cardiac Transplantation .      

    Performance Measurements 

 A new methodology of Performance Measurement 
will be proposed. This new methodology of 
Performance Measurement will be discussed and 
evaluated by the Aristotle Committee. 

 In the Aristotle system, the Performance is 
defi ned by the axiom (axiom defi nition: “a basic 
proposition assumed to be true”):

Performance = Outcome × Complexity. 

The new system of Basic and Comprehensive 
Performance Measurement in Aristotle 2 will use 
the STAT Mortality Score and the STAT Morbidity 
Score based on raw data; meanwhile, technical 
diffi culty will remain based on expert opinion. 

 We, along with David Clarke, coined the term 
Optivival [ 48 ,  49 ], to measure the antonym of 
morbidity:

Optivival = 100% − Morbidity %

(Survival is the antonym of mortality and 
Optivival is the antonym of morbidity).   

    Contributions of the Aristotle Score 
Towards the Development of Newer 
Tools to Evaluate Cardiac Surgical 
Performance 

 Perhaps the most important contribution of the 
Aristotle Comprehensive Complexity Score to 
date has been that its components have been 
incorporated into the STS Congenital Heart 
Surgery Database and the EACTS Congenital 
Heart Surgery Database and have been used to 
inform the upgrade of these databases, with the 
goal of increasing the accuracy of the methodol-
ogy of risk stratifi cation. 

 The motivation to develop the STAT Mortality 
Score and the STAT Morbidity Score was at least 
in a large part related to the Aristotle Score. The 
desire to transition from subjective probability to 
objective data within the Aristotle Score is the 
rational for the eventual incorporation of the 
STAT Mortality Score and the STAT Morbidity 
Score into the Aristotle Score. 

 Although the Aristotle Comprehensive 
Complexity Score has not been incorporated into 
the STS Congenital Heart Surgery Database and 
the EACTS Congenital Heart Surgery Database, 
many of its components have been added indi-
vidually to these databases. 

 The listings of the procedure independent fac-
tors have been used to inform the STS Congenital 
Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database. Procedure 
independent factors in the Aristotle 
Comprehensive Complexity Score include gen-
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eral factors, clinical factors, extracardiac factors, 
and surgical factors. These procedure indepen-
dent factors have been incorporated into these 
databases in comprehensive listings of chromo-
somal abnormalities, syndromes, noncardiac 
abnormalities, and preoperative factors (Of note, 
the term “preoperative factors” is used rather 
than “preoperative risk factors” because the data 
will help determine whether or not these preop-
erative factors are actually associated with risk.). 

 The listings of the procedure dependent fac-
tors have also been used to inform the STS 
Congenital Heart Surgery Database and the 
EACTS Congenital Heart Surgery Database. 
Procedure dependent factors in the Aristotle 
Comprehensive Complexity Score include ana-
tomical factors, associated procedures, and age 
at procedure. Incorporation of a list of proce-
dure dependent factors for all of the procedures 
in the STS Congenital Heart Surgery Database 
and the EACTS Congenital Heart Surgery 
Database would have been extremely challeng-
ing as in initial step because of the huge num-
ber of elements of data. Consequently, list of 
procedure dependent factors named: 
“Procedure Specifi c Factors” were incorpo-
rated into the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database for the following ten bench-
mark operations:
    1.    Ventricular Septal Defect (VSD) repair   
   2.    Tetralogy of Fallot (TOF) repair   
   3.    Complete atrioventricular canal repair   
   4.    Arterial switch   
   5.    Arterial switch + VSD repair   
   6.    Glenn/HemiFontan   
   7.    Fontan operation   
   8.    Truncus arteriosus repair   
   9.    Norwood procedure   
   10.    Off Bypass Coarctation repair - only include 

cases with Operation Type = No CPB 
Cardiovascular     

 Thus, although the Aristotle Comprehensive 
Complexity Score has not been incorporated 
into the STS Congenital Heart Surgery 
Database and the EACTS Congenital Heart 
Surgery Database, many of its procedure 
dependent factors and  procedure independent 
factors have been added individually to these 
databases.  

    Conclusion 

 In conclusion, the Aristotle Score is an origi-
nal method to evaluate quality in congenital 
cardiac surgery. The Aristotle Basic 
Complexity Score has been instrumental to 
help the growth of the STS Congenital Heart 
Surgery Database and the EACTS Congenital 
Heart Surgery Database. The Aristotle 
Comprehensive Complexity Score has proven 
to be today the best predictor of hospital mor-
tality with a C-Index of 0.86, and is success-
fully used by many institutions. The Aristotle 
Score system is designed to evaluate perfor-
mance of centers and surgeons, not to predict 
individual patient mortality. 

 The next steps will be to incorporate the 
STAT Mortality Score and STAT Morbidity 
Score into the Aristotle Score. New mea-
surements of Performance are proposed. 
The new Aristotle 2 will need more objec-
tive data on Morbidity to ultimately be con-
structed. The new Aristotle 2 should be 
available in 2015. 

 Finally, it is certain that the Aristotle 
Score is responsible for multiple important 
contributions leading to the development of 
newer tools to evaluate cardiac surgical per-
formance. The name of the philosopher 
Aristotle is derived from the term “aristos”, 
which means “the best” in Greek. 
Performance is therefore within the idiom 
“Aristotle Score”.      
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      Appendix 1: The Aristotle Basic Complexity Score (ABC Score) 
and the Aristotle Basic Complexity Levels (ABC Levels) (January 1, 2010)  

 Appendix 1 documents how the Aristotle Basic Complexity Score is applied in the STS Congenital 
Heart Surgery Database and the EACTS Congenital Heart Surgery Database. (Appendix 1 is repro-
duced with permission from Jacobs et al. [ 50 ])
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    Abstract  

  Congenital heart surgery outcomes analysis requires reliable methods of 
estimating the risk of adverse outcomes. In the past, methods used for risk 
adjusted comparisons of outcomes from congenital heart surgery relied on 
expert opinion about perceived complexity of treatment. The development 
and growth of national and international congenital heart surgery clinical 
registry databases has resulted in the availability of large datasets for anal-
ysis. The adoption by these registries of standardized nomenclature and 
defi nitions and their use of a uniform set of data elements has made it pos-
sible to apply robust statistical methodology to these large sets of objective 
data to develop empirically based tools for analysis of mortality and mor-
bidity associated with congenital heart surgery. The Society of Thoracic 
Surgeons – European Association for Cardio-Thoracic Surgery Congenital 
Heart Surgery Mortality Score and Categories (STAT Mortality Categories) 
and the Society of Thoracic Surgeons Congenital Heart Surgery Morbidity 
Score and Categories are now widely used in reporting of outcomes, in 
quality assessment, and in outcomes research.  
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        Introduction 

 The rationale for the development of cardiac 
 surgery risk models has been articulated by many 
groups, including by the Society of Thoracic 
Surgeons Workforce on Evidence Based Surgery in 
the following way: “Differences in medical out-
comes may result from disease severity, treatment 
effectiveness, or chance. Because most outcome 
studies are observational….risk adjustment is nec-
essary to account for case mix” [ 1 ]. Statistical mod-
els which account for these differences in case mix 
or severity of disease have been the most widely 
used approach in the evaluation and comparison of 
outcomes from surgery for acquired heart disease 
in adult patients. With respect to surgery for con-
genital heart disease, and all cardiac surgery for 
pediatric patients, the evaluation of complexity and 
the estimation of risk and ultimately of quality of 
care is a very different matter, and in some ways 
represents a much greater challenge. In comparison 
to acquired heart disease in adults, which includes 
ischemic heart disease, valvular heart disease and 
disorders affecting the aorta, congenital heart dis-
ease is characterized by a broad spectrum of anom-
alies encompassing hundreds of distinct diagnoses 
and clinical entities. The minimal datasets used in 
the congenital heart surgery databases of the 
Society of Thoracic Surgeons and the European 
Association for Cardio-Thoracic Surgery contain 
more than 150 individual diagnoses and over 200 
types of procedures. Many of the diagnoses, while 
unique and important, are relatively rare. And many 
of the surgical operations are performed in small 
numbers at any given center. No two centers see 
exactly comparable patient populations. At any 
given center, the complexity of the patients seen in 
any given year is unlikely to be the same as the 
complexity of those managed during the preceding 
year, or in the following year, or at another center. 
Reporting of raw, unadjusted mortality data is mis-
leading, as it fails to consider the infl uence of high 
risk patients and complex procedures on outcomes. 
The need to establish tools for case-mix adjustment 

is fundamental to any systematic attempt to mea-
sure outcomes, compare performance, and sustain 
a program of continual quality  improvement for 
pediatric and congenital heart surgery.  

    Consensus-Based Tools 
for Complexity Stratifi cation 

 As a response to the need for a system of out-
comes assessment adjusted for case-mix, but in 
the absence of signifi cant amounts of standard-
ized multi-center data, two consensus-based tools 
for stratifi cation of congenital heart surgery pro-
cedures were developed more than a decade ago. 
Both systems relied on the experience and opin-
ions of panels of experts. For the Aristotle 
Complexity Score, three components (potential 
for mortality, potential for morbidity, and techni-
cal diffi culty) were subjectively scored, with the 
sum of these scores determining the Aristotle 
Basic Complexity Score for a given procedure. 
Each procedure was then assigned to one of four 
levels of increasing complexity [ 2 ]. The Risk 
Adjustment for Congenital Heart Surgery 
(RACHS-1) system also relied on an expert panel 
to assign procedures to one of six levels of increas-
ing risk of mortality. This allocation of procedures 
was subsequently refi ned using data from two 
multi-institutional registries [ 3 ]. Of the two sub-
jectively derived tools for stratifi cation of opera-
tive procedures, the RACHS-1 categories 
appeared to have better discrimination for predict-
ing mortality, whereas the ABC score covered a 
larger proportion of congenital heart surgery case 
volume and in addition, included consideration of 
morbidity as an outcome measure and technical 
diffi culty as a measure of complexity [ 4 ,  5 ]. 

 In the  2004 Cardiac Surgery Annual of the 
Seminars in Thoracic and Cardiovascular 
Surgery , Eugene Blackstone characterized con-
temporary methods for risk adjusted compari-
sons of  outcomes from congenital heart surgery 
in the following way: “Growing in popularity 
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among congenital heart surgeons are meth-
ods of comparison that rely fundamentally on 
expert opinion about perceived complexity of 
treatment…” he acknowledged that, “No medi-
cal discipline has been more shaped, driven 
and scrutinized by outcomes data than cardiac 
surgery” [ 6 ]. Acknowledging the unique chal-
lenge posed by the diversity of congenital heart 
 disease diagnoses and procedures he added, 
“Unlike high- volume operations for acquired 
heart disease, congenital heart disease is con-
siderably more heterogeneous, many anomalies 
are rare, and outcomes after surgical correction 
are highly variable. How, then, can outcome of 
institutional programs be compared fairly?” His 
answer was “Let the data speak for themselves,” 
upon which he elaborated as follows: “The latter 
is the basis for contemporary methods of risk-
adjusted comparisons. The proposed interna-
tional collection of a uniform set of congenital 
heart surgery data elements, a well-conceived 
and internationally accepted ontology of con-
genital heart disease, accurate understanding of 
established incremental risk factor concepts and 
their role in risk adjustment, advent of powerful 
data analysis techniques that include new types 
of predictive modeling, and wide understand-
ing of risk- adjusted comparison suggest there is 
ample motivation and opportunity for letting data 
speak for themselves” [ 6 ]. 

 While the consensus-driven stratifi cation tools 
of the preceding decade fi lled a void and served a 
useful purpose, the fact that registry databases in 
North American and Europe had accumulated 
data pertaining to well over 100,000 congenital 
heart surgery operations using a uniform set of 
data elements, standardized nomenclature and 
defi nitions, and systems for data verifi cation set 
the stage for the development of empirically based 
tools for risk adjustment and analysis of outcomes 
associated with congenital heart surgery.  

    An Empirically Based Tool 
for Analyzing Mortality Associated 
with Congenital Heart Surgery 

 Using a combined data set from the Congenital 
Heart Surgery Databases of the Society of 
Thoracic Surgeons (STS) and the European 

Association for Cardiothoracic Surgery 
(EACTS), an international consortium of col-
laborators developed an empirically based index 
that can be used to identify the statistically esti-
mated risk of in-hospital mortality by procedure, 
and to group procedures into homogeneous risk 
categories [ 7 ]. Mortality risk was estimated for 
148 types of operative procedures using data 
from 77,294 operations entered into the data-
bases between 2002 and 2007. Procedure-
specifi c mortality rate estimates were calculated 
using a Bayesian model that adjusted for small 
denominators. After determination of the mortal-
ity risk estimates, each procedure was assigned a 
numeric score (STS–EACTS score). The scores 
were assigned by shifting and rescaling the esti-
mated procedure-specifi c mortality rates to lie in 
the interval from 0.1 to 5.0. 

 Procedures were also sorted by increasing 
risk and grouped into fi ve categories (the STS–
EACTS Congenital Heart Surgery Mortality 
Categories, or STAT Mortality Categories) that 
were chosen to be optimal with respect to mini-
mizing within-category variation and maximiz-
ing between-category variation. The entire list of 
Mortality Scores and Mortality Categories for 
148 different operative procedures, together with 
unadjusted and Bayesian model-based estimates 
of mortality risk can be viewed in table form in 
the original description of the development of 
these tools by O’Brien and associates [ 7 ]. 
Appendix  1  lists the STS-EACTS Mortality 
Scores and STAT Mortality Categories as applied 
in current versions of the Society of Thoracic 
Surgeons Congenital Heart Surgery Database 
and the European Association for Cardio- 
Thoracic Surgery Congenital Heart Surgery 
Database using the International Pediatric and 
Congenital Cardiac Code (IPCCC). Representa-
tive examples of procedures in the fi ve STAT 
Mortality Categories include the following: 
Category 1 includes repair of partial atrioven-
tricular canal defect and repair of ventricular 
septal defect, Category 2 includes aortic valvulo-
plasty and total cavopulmonary connection, 
Category 3 includes hemi-Fontan procedure and 
arterial switch operation, category 4 includes 
arterial switch with VSD repair and Ross-Konno 
procedure, and category 5 includes Norwood 
procedure and repair of truncus arteriosus with 
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interrupted arch. Estimated mortality rates 
ranged across procedure types from 0.3 % (atrial 
septal defect repair with patch, Category 1) to 
29.8 % (truncus arteriosus plus interrupted aortic 
arch repair, Category 5). 

 The performance of the STAT model for esti-
mated mortality risk was evaluated by applying 
it to an independent validation sample of data 
from the same databases, but entered during a 
1 year period that followed the generation of the 
primary data set. The STS–EACTS score and 
STAT Mortality Categories demonstrated good 
discrimination for predicting mortality in the 
validation sample (C-index = 0.784 and 0.773, 
respectively). Evaluation also included compar-
ison with two existing methods: Risk Adjustment 
for Congenital Heart Surgery (RACHS-1) cate-
gories and Aristotle Basis Complexity scores. In 
the subset of procedures for which RACHS-1 
and Aristotle Basic Complexity scores are 
defi ned, the discrimination of the respective 
modeling procedures was compared 
(Table  28.1 ). Discrimination was highest for the 
STS–EACTS score, followed by the STS–
EACTS Categories (STAT Categories). Adding 
patient-level covariates substantially improved 
each model’s discrimination. With the addition 

of these patient variables, discrimination was 
again highest for the STS–EACTS score 
 followed by the STS- EACTS Categories. Two 
important characteristics of the STS-EACTS 
Mortality Score and STAT Mortality Categories 
are that they are empirically derived, and that 
they compare favorably relative to the consen-
sus based tools that preceded them. A third 
important characteristic is that 99 % of proce-
dures in the STS-CHSD can be classifi ed on the 
basis of STAT Mortality Categories, while this 
is true of only 94 % of cases using the Aristotle 
Basic Complexity Score and only 86 % using 
RACHS-1 risk categories [ 4 ,  8 ].

   Since 2012, the outcomes reports of the STS 
Congenital Heart Surgery Database include strat-
ifi cation of all cases on the basis of STAT 
Mortality Categories. Risk models used for 
reporting observed-to-expected mortality ratios 
in the outcomes reports of the STS Congenital 
Heart Surgery Database involve adjustment for 
STAT Mortality Category and additional patient 
factors. The STAT Mortality Categories have 
been used in outcomes research as one means of 
adjustment for procedural risk in a variety of 
investigations [ 9 – 12 ]. The National Quality 
Forum has endorsed the following measures [ 13 ] 
for reporting outcomes from pediatric and con-
genital heart surgery:
    1.     Surgical Volume for Pediatric and 

Congenital Heart Surgery :  Total 
Programmatic Volume and Programmatic 
Volume Stratifi ed by the Five STS - EACTS 
Mortality Categories    

   2.     Operative Mortality Stratifi ed by the Five 
STS - EACTS Mortality Categories     
  Numerous quality assessment programs rely 

upon the use of STAT Mortality Categories as an 
objective measure for the description of case mix 
and a reliable tool for risk adjustment [ 8 ,  14 ]. 

 Development of the STS-EACTS Congeni-
tal Heart Surgery Mortality Score and the 
STAT Mortality Categories was the result of a 
collaborative effort to derive a valid tool that 
can be used to stratify congenital heart surgery 
procedures based on their relative risk of in-
hospital mortality. The accomplishment was 
made possible by combining the resources of 

   Table 28.1    Comparison of the C-index for models using 
the STS-EACTS Mortality Score, STS-EACTS (STAT) 
Mortality Categories, RACHS-1 risk categories and 
Aristotle Basic Complexity Scores   

 Method of modeling 
procedures 

 Model without 
patient 
covariates 
(C-index) 

 Model with 
patient covariates 
(C-index) 

 STS-EACTS Score  0.787  0.816 
 STS-EACTS 
(STAT) categories 

 0.778  0.812 

 RACHS-1 risk 
categories 

 0.745  0.802 

 Aristotle Basic 
Complexity Score 

 0.687  0.795 

  Adapted from: O’Brien et al. [ 7 ] 
 Validation sample, subset of procedures for which both 
RACHS-1 risk categories and Aristotle Basic Complexity 
Scores are defi ned 
  Abbreviations :  STS-EACTS  Society of Thoracic Surgeons- 
European Association for Cardiothoracic Surgery, 
 RACHS-1  Risk Adjustment for Congenital Heart Surgery  
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the STS and EACTS Congenital Heart Surgery 
Databases. These empirically derived tools 
represent an improvement over existing con-
sensus-based methods. It will be important to 
periodically re- calibrate these metrics using 
contemporary datasets [ 15 ,  16 ].  

    An Empirically Based Tool 
for Analyzing Morbidity Associated 
with Congenital Heart Surgery 

 Historically, congenital heart surgery outcomes 
analyses have focused primarily on mortality. 
This, of course, is an incomplete approach to 
assessment of outcomes. Fortunately, we have 
reached a point where more than 95 % of patients 
who undergo surgical operations for congenital 
heart disease survive to hospital discharge and 
beyond. Therefore, it is clear that accounting not 
only for survival, but for other end points as well, 
is essential to measuring and understanding out-
comes, and ultimately to measuring the effective-
ness or “quality” of therapeutic approaches to 
congenital heart disease. Nonfatal events, such as 
stroke and renal failure, are major determinants of 
hospital cost and of patients’ health status after 
surgery. In addition, post-procedure length of hos-
pital stay provides useful direct information about 
resource use and indirect proxy information about 
a patient’s condition [ 17 ,  18 ]. Although such mea-
sures are captured in clinical registries, few incor-
porated tools for analyzing these end points. The 
importance of developing a morbidity metric was 
articulated in 2004 by Kolh [ 19 ], who described 
quantitation of morbidity in cardiac surgery as 
follows: “Being more frequent than mortality, it 
could carry more information and be measured in 
terms of postoperative complications and length 
of hospital stay…. Furthermore, because of the 
heterogeneity of morbidity events, future scoring 
systems should probably generate separate 
 predictions for mortality and major morbidity 
events.” 

 After developing the previously described 
empirically based tool for analyzing mortality 
associated with congenital heart surgery, the 
importance of developing another empirically 

based tool to address morbidity was 
 acknowledged. The objectives were:
•    to develop a morbidity metric that accounts 

for the occurrence of complications that have 
a signifi cant and durable impact on the 
patient’s health and also accounts for utiliza-
tion of health care resources  

•   to estimate the average amount of patient mor-
bidity by procedure type  

•   to convert these procedure-specifi c morbidity 
estimates into a scale ranging from 0.1 to 5.0 
(that range having been chosen specifi cally for 
consistency with the STS-EACTS Mortality 
Score)  

•   to group procedures with similar estimated 
morbidity risk into fi ve relatively homoge-
neous categories that are designed to mini-
mize within-category variation and to serve as 
a stratifi cation variable that can be used to 
adjust for case mix when analyzing outcomes 
and comparing institutions.    
 Using data from the STS Congenital Heart 

Surgery Database, an objective, empirically 
based index was developed, that refl ects statisti-
cally estimated risk of morbidity by procedure 
[ 20 ]. Using data from 62,851 operations entered 
in the database in 2002–2008, procedural mor-
bidity risk was estimated using a Bayesian 
model that adjusted for small denominators. 
Morbidity was quantifi ed for each procedure on 
the basis of the proportion of patients experienc-
ing major complications and of the average post-
operative length of stay (PLOS) as a measure of 
resource utilization. Major complication was 
defi ned as the occurrence of any one or more of 
six specifi c complications (Table  28.2 ). These 
complications represent defi nitive outcomes that 
can be ascertained reliably and that are likely to 
have signifi cant and durable impact on patient 
health. The unadjusted rate of major complica-
tions was defi ned as the percent of operations 
that were associated with the occurrence of one 
or more of the major complications listed in 
Table  28.2 .

   Model-based estimates with 95 % Bayesian 
credible intervals were calculated for each 
 procedure’s average risk of major complications 
and average postoperative length of stay. Model- 
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estimated risk of major complications ranged 
from 1.0 % for simple procedures to 38.2 % for 
truncus arteriosus with interrupted aortic arch 
repair. Procedure-specifi c estimates of average 
postoperative length of stay (PLOS) ranged 
from 2.9 days for simple procedures to 42.6 days 
for combined atrial switch and Rastelli opera-
tion. To facilitate ranking and grouping of pro-
cedures, average risk of major complications 
and average PLOS were combined into a single 
composite morbidity measure. To account for 
different measurement scales, the two individ-
ual measures were re-scaled to have the same 
standard deviation. They were then summed 
together. The resulting composite morbidity 

measure was the basis of the proposed Morbidity 
Scores and Categories. Each procedure was 
assigned a numeric score ranging from 0.1 to 
5.0 (STS Congenital Heart Surgery Morbidity 
Score). Scores were assigned by shifting and 
rescaling the procedure-specifi c composite mor-
bidity estimates to lie in the interval from 0.1 to 
5.0 and then rounding to one decimal place. 
Procedures were sorted by increasing estimated 
morbidity and partitioned into fi ve relatively 
homogeneous categories (STS Congenital Heart 
Surgery Morbidity Categories) using a com-
puter program to determine cut-points that were 
optimal for minimizing within-category vari-
ance and maximizing between-category vari-
ance of the composite morbidity measure. In 
this fashion, 140 procedures were assigned 
scores ranging from 0.1 to 5.0 and sorted into 
fi ve STS Congenital Heart Surgery Morbidity 
Categories (Table  28.3 ).

   Rate of major complications ranged from 3.2 % 
in category 1 to 30.0 % in category 5. Aggregate 
average PLOS ranged from 6.3 days in category 1 
to 34.0 days in category 5. A few examples of pro-
cedures in the fi ve STS Morbidity Categories 
include the following: Category 1 includes atrial 
septal defect repair and repair of partial atrioven-
tricular canal defect; Category 2 includes hemi-
Fontan procedure and repair of tetralogy of Fallot 
with transanular patch; Category 3 includes arte-
rial switch operation and intraventricular tunnel 
repair of double outlet right ventricle; category 4 
includes heart transplantation and repair of total 
anomalous pulmonary venous connection; and 
category 5 includes Norwood procedure, repair of 
truncus arteriosus with interrupted arch, and 
 arterial switch procedure with ventricular septal 

    Table 28.2    Major complications: STS Congenital Heart 
Surgery Database   

 Complication description 
(STS Congenital Heart 
Surgery Database code a ) 

 Number 
(%) of 
events b  

 Mortality 
N (%) 

 Postoperative acute renal 
failure requiring temporary 
 or  permanent dialysis (220 
or 230) 

 705 
(1.1 %) 

 396 
(56.2 %) 

 Postoperative neurological 
defi cit  persisting at 
discharge  (320) 

 500 
(0.8 %) 

 152 
(30.4 %) 

 Postoperative AV block 
requiring permanent 
pacemaker (60) 

 593 
(0.9 %) 

 28 (4.7 %) 

 Postoperative mechanical 
circulatory support (IABP, 
VAD, ECMO or CPS) (40) 

 1,110 
(1.8 %) 

 617 
(55.6 %) 

 Phrenic nerve injury/
paralyzed diaphragm (300) 

 578 
(0.9 %) 

 35 (6.1 %) 

 Unplanned reoperation 
(20 or 240) 

 2,942 
(4.7 %) 

 636 
(21.6 %) 

 Major complication 
(defi ned as any one or more 
of the above) 

 5,059 
(8.0 %) 

 1,187 
(23.5 %) 

  Adapted from: Jacobs et al. [ 20 ] 
  Abbreviations :  IABP  intra-aortic balloon pump,  VAD  ven-
tricular assist device,  ECMO  extra-corporeal membrane 
oxygenation,  CPS  cardiopulmonary support 
  a Complication codes in the STS Congenital Heart Surgery 
Database Data Collection Form, Version 2.50 [ref. STS 
Congenital Heart Surgery Database Version 2.50 Data 
Collection Form Annotated “(Updated 7/10/2006)” 
[  http://www.sts.org/sites/default/files/documents/pdf/
DataCollectionForm250_07102006_Annotated.pdf    ]. 
Accessed 18 Mar 2014] 
  b Denominator is 62,851 operations  

   Table 28.3    Summary of STS Congenital Heart Surgery 
Morbidity Categories   

 1  2  3  4  5 

 Number of 
procedures 

 36  43  36  21  4 

 Aggregate average 
postoperative 
length of stay 

 6.3  11.3  15.2  22.3  34.0 

 Rate of major 
complications (%) 

 3.2  6.5  11.9  15.2  30.0 

  Adapted    from: Jacobs et al. [ 20 ]  
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defect closure and aortic arch repair. The entire list 
of STS Congenital Heart Surgery Morbidity 
Scores and Morbidity Categories for 140 different 
operative procedures, together with unadjusted 
data and Bayesian model-based estimates of post-
operative length of stay and rate of occurrence of 
any major complications can be viewed in table 
form in the original description of the develop-
ment of these tools by Jacobs and associates [ 20 ]. 
Of note, Morbidity Categories were the same as 
the Mortality Categories for only about one half of 
the 140 procedures (Table  28.4 ) supporting the 
need for a separate morbidity metric to compli-
ment the STAT Mortality metric.

   Like the STAT Mortality Categories, the STS 
Congenital Heart Surgery Morbidity Categories 

have been used in outcomes research as a means 
of adjustment for procedural risk in investiga-
tions where the focus is on outcomes other than 
mortality. An example is a recent investigation 
of occurrence of cardiac arrest and associated 
outcomes following in-hospital cardiac arrest 
after pediatric cardiac surgery operations. In 
this study, multivariable models were used to 
evaluate association of center surgical case vol-
ume with rate of occurrence of cardiac arrest 
after pediatric heart surgery. Adjustment 
for case mix was based on classifi cation of 
 procedures according to the STS Morbidity 
Categories [ 21 ].  

    Conclusion 

 The STS Morbidity Score and Categories are 
empirically based tools for analyzing morbid-
ity associated with operations for congenital 
heart disease and for grouping procedures 
with similar estimated risk of morbidity. 
Together with the STS-EACTS Mortality 
Score and STAT Categories, these tools 
enhance our ability to accurately characterize 
case mix. Together, they should add a new 
dimension and precision to outcome assess-
ments and may provide important information 
to guide quality improvement initiatives.      

   Table 28.4    Association between STS Congenital Heart 
Surgery Morbidity Categories and STAT Mortality 
Categories   

  Mortality categories  
  Morbidity categories    1    2    3    4    5  

  1   21  13  1  1  0 
  2   5  26  10  2  0 
  3   0  12  10  13  1 
  4   0  0  3  15  3 
  5   0  0  0  2  2 

  Adapted from: Jacobs et al. [ 20 ]  
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     Appendix 1: The  S ociety of  T horacic Surgeons – European  A ssociation 
for Cardio- T horacic Surgery Congenital Heart Surgery Mortality Scores 
and Mortality Categories (STAT Mortality Categories) (October 31, 2012) 

 Appendix 1 documents how The Society of Thoracic Surgeons – European Association for 
 Cardio-Thoracic Surgery Congenital Heart Surgery Mortality Scores and Mortality Categories (STAT 
Mortality Categories) are applied in the STS Congenital Heart Surgery Database and the EACTS 
Congenital Heart Surgery Database. (Appendix 1 is reproduced with permission from Jacobs et al. [ 22 ])     
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    Abstract  

  Complete and accurate data is the backbone of any database. Rigorous, 
objective, and transparent verifi cation processes are vital to establishing 
and maintaining high quality data. In the absence of such processes, a 
database cannot be relied upon to properly inform database participants 
and users. Data about outcomes occupy an increasingly pivotal role in 
decisions that impact quality of care, professional reputation, reimburse-
ment, and health care policy, to name a few. These developments under-
score the importance of robust data verifi cation processes. Data verifi cation 
may be accomplished using several means, including on site visits and 
remote source document verifi cation. The emergence of central statistical 
verifi cation techniques using adaptive or triggered monitoring in real time 
is an important development. This approach to data verifi cation has the 
potential of signifi cantly improving both the volume and quality of veri-
fi ed data as well as limiting the resource utilization impact on databases 
and their participants.  
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  29      Verifi cation of Data Completeness 
and Accuracy 

           David     M.     Overman       and     David     R.     Clarke     

     Florence Nightingale is widely credited with being 
the fi rst person to advocate for the collection, anal-
ysis, and public reporting of surgical outcome data 
[ 1 ]. Complete and accurate data are fundamental 
to database quality and associated outcomes anal-
ysis. In the absence of complete and accurate data, 
the power of a database as an instrument of out-
comes measurement and a platform for quality 
improvement is severely diminished. 
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 A process of verifi cation must ensure the 
 completeness and accuracy of data. To accomplish 
this it is essential that the process be both rigorous 
and independent to maximize its effectiveness and 
support data credibility. The importance of the lat-
ter consideration is growing as the future of health 
care delivery is increasingly determined by out-
comes analysis as it is employed as a tool for 
affecting consumer choice, creation of centers of 
excellence, pay for performance schema, and reg-
ulations as yet undeveloped. 

 The following chapter examines the impact of 
missing or inaccurate data on outcomes analysis, 
features of a robust data verifi cation processes, 
and various methods of data verifi cation. It also 
provides a detailed description of an effective 
data verifi cation process which may be used as a 
template for other database monitors seeking to 
establish their own data verifi cation process. 

    The Impact of Missing 
or Inaccurate Data 

 Though both impact the ability to perform data 
analysis, the implications of missing and inaccu-
rate data are notably distinct. Missing data impacts 
the discriminatory power of a database, in that 
there are fewer data elements to be analyzed. 
Strictly speaking, the accuracy of the data in the 
database is not necessarily compromised, there is 
simply less of it. It generally accepted that when 
10 % of data is missing, analysis of the data ele-
ment in question can no longer be considered reli-
able [ 2 ,  3 ]. Thus, systematic pursuit of complete 
data entry via a rigorous audit process is of para-
mount importance to the integrity of a database. 

 In addition to diminishing database sensitivity, 
missing data also raises the specter of selective 
omission, a fundamental threat to the integrity of 
the database. Indeed, it is established that patients 
not included in a medical audit have higher rates 
of morbidity and mortality than those are included 
in the audit [ 4 ]:

  In a multi-institutional database of vascular sur-
gery tracking all infrainguinal bypass operations at 
involved institutions, independent audit revealed 
that sixteen per cent of eligible cases had not been 

reported. Mortality and the rate of amputation 
were twice as high among the missing cases as 
among the reported cases; however, no difference 
in patency was identifi ed between the missing 
cases and the reported cases. The authors con-
cluded that “Overall judgment of the performance 
of an individual department may be impaired by 
cases not included in the register.” [ 4 ] 

   The above example demonstrates the impor-
tance of verifying the completeness of data within 
a database. In addition to verifying the complete-
ness of data within a database, it is imperative to 
verify the accuracy of the data. The European 
Association for Cardio-Thoracic Surgery 
Congenital Heart Surgery Database attempted to 
verify the data within the databases of fi ve 
European centers utilizing “source data verifi ca-
tion” [ 5 ]. Pre-verifi cation and post-verifi cation 
mortalities in all groups showed no signifi cant 
differences, although 7 deaths out of 68 (10.27 %) 
were missed. None of the other verifi ed fi elds 
showed signifi cant differences after verifi cation. 
The authors stated that “source data verifi cation” 
showed no statistically signifi cant differences 
between verifi ed and nonverifi ed data on mortal-
ity at 30 days after surgery, length of stay in the 
hospital, age, body weight, cardiopulmonary 
bypass time, aortic cross-clamp time, and circu-
latory arrest time. The authors also state that “an 
international committee of experts is needed to 
defi ne common data verifi cation methodology 
and to apply it in future works on outcome analy-
sis in CHS (congenital heart surgery).” Although 
the authors state that “source data verifi cation” 
showed no statistically signifi cant differences 
between verifi ed and nonverifi ed data in the fi eld 
of mortality 30 days after surgery, it is troubling 
that one-tenth of these deaths were not reported. 
This study confi rms the need for a common 
methodology for verifi cation of data to be devel-
oped and implemented in all registries collecting 
outcomes worldwide. 

 The importance of the verifi cation of the accu-
racy of the data is also demonstrated by a prospec-
tive, longitudinal, observational, national cohort 
survival study from the United Kingdom Central 
Cardiac Audit Database [ 6 ]. This analysis included 
3,666 surgical procedures and 1,828 therapeutic 
catheterizations performed from 2000 to 2001, in 
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all 13 tertiary centers in the United Kingdom 
 performing cardiac surgery or therapeutic cardiac 
catheterization in children with congenital cardiac 
disease. Deaths within 30 days of the procedure 
were established both by results volunteered from 
the hospital databases, and by independently vali-
dated records of deaths obtained by the Offi ce for 
National Statistics, using the patient’s unique 
National Health Service number, or the general 
register offi ces of Scotland and Northern Ireland. 
Central tracking of mortality identifi ed 469 deaths, 
with 194 occurring within 30 days and 275 later. 
Of the 194 deaths occurring within 30 days, 42, or 
21.6 %, were detected by central tracking but not 
by volunteered data. In other words, hospital- 
based databases underreported mortality within 
30 days of the procedure by 21.6 %, even though 
the hospitals were aware that the data would be 
independently verifi ed. The authors of the report 
concluded that “independent data validation is 
essential for accurate survival analysis” and that 
“1-year survival gives a more realistic view of out-
come than traditional perioperative mortality”. 

 The most spectacular example of the impact 
of missing data is that of the Bristol Royal 
Infi rmary Inquiry. Some providers at the Bristol 
Infi rmary had a sense that neonatal and infant 
cardiac surgery at Bristol was resulting in excess 
mortality, but data to corroborate this impression 
was lacking [ 7 ]. The United Kingdom had initi-
ated clinical audits of pediatric cardiac surgical 
programs in 1989. It wasn’t until several years 
later, however, that a secret audit [ 8 ,  9 ] was 
undertaken to objectively assess outcomes that 
were apparently not documented or available via 
the existing audit mechanism. The fi ndings of 
that secret audit, which revealed excessively high 
mortality, eventuated in the now well known pub-
lic inquiry and policy decisions regarding provi-
sion of pediatric cardiac services in the United 
Kingdom. The rectifi cation of Bristol’s missing 
data problem forever changed the face of pediat-
ric cardiac surgery and ushered in the era of pub-
lic reporting of outcomes in the United Kingdom 
and around the world [ 10 ]. As Dr. Stephen Bolsin, 
who initiated the audit which led to the Bristol 
Inquiry has noted, “The lesson for the future 
must be that all services must prospectively 

 collect standardized outcome data for  comparison 
with other centers and to enable performance 
monitoring…” [ 11 ]. 

 Of course most missing data is not typically 
the result of intentional manipulation of results or 
other nefarious objectives. Instead, missing data 
most commonly results from systematic issues 
such as inadequate communication tools, lack of 
informed oversight of data entry, suboptimal doc-
umentation of procedures, staff turnover, and 
failure to coordinate data entry from multiple 
procedural locations within a given institution. 

 Procedures done at the bedside, usually in the 
cardiac or neonatal intensive care unit, are fre-
quent sources of missing data or data inconsisten-
cies. This occurs because the procedures are 
frequently done after hours and with less experi-
enced staff and data is not recorded with the same 
precision as with elective cases in the operative 
suite. Lack of surgeon involvement in the data 
entry process and monitoring of data quality has 
been shown to result in higher rates of data inac-
curacies [ 12 ]. Despite the innocuous nature of this 
incompleteness, however, its impact on the power 
of a database is substantial. Without complete 
data, outcomes analysis is severely hindered. 

 Data accuracy establishes the specifi city of the 
information contained within the database. The 
issue is not the presence or absence of a value in 
the data fi eld, but rather whether the values pres-
ent are correct or not. The necessity of accurate 
data is self evident. Despite this seemingly obvi-
ous truth, examples of the use of inaccurate data 
and the repercussions thereof are many. Several 
studies have documented signifi cant data dis-
crepancies when comparing hospital specifi c 
databases in the U.K. with data from the United 
Kingdom Central Cardiac Audit Database [ 6 , 
 13 – 15 ] as well the Scottish Morbidity Record of 
the Information and Statistics Division of the 
Scottish Executive (ISD). Despite this, individual 
centers and their physician staffs have been 
wrongly accused in the popular press of perform-
ing in a substandard manner [ 16 ,  17 ]. 

 Administrative data are widely used to evalu-
ate hospital and subspecialty performance in the 
United States and Europe. Administrative data-
bases, created as repositories of information 
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regarding claims and billing of health care 
 services, are useful for several reasons. They are 
very large datasets and have a broader reach than 
clinical, academic, or institutional databases. 
Coding is not performed by clinical personnel, 
and therefore in theory the data is more objective 
and less prone to manipulation. However, (though 
this is not a universal fi nding), investigators from 
a variety of specialties have documented the infe-
riority of data accuracy in administrative data-
bases when compared to clinical databases 
[ 18 – 21 ]. Multiple factors contribute to this phe-
nomenon [ 22 ]:
•    coders who are unfamiliar with congenital 

cardiac disease,  
•   the inability of coders to clarify questions regard-

ing data entry with clinical personnel, and  
•   the lack of appropriate ICD-9 codes for many 

congenital cardiac operations.    
 Clinical databases, on the other hand, benefi t 

from direct involvement of clinical personnel in 
data entry. While this has been shown to improve 
data accuracy, it does raise the possibility of clin-
ical personnel “gaming the system” by under 
reporting of adverse outcomes [ 23 ,  24 ]. 

 These considerations are addressed in detail 
elsewhere in this textbook. The point to be under-
stood here is that databases of any form have 
inherent strengths and weaknesses, and their util-
ity is related to their particular attributes. What 
they share in common, however, is the need for 
independent verifi cation of data to guarantee that 
such data is validated, properly framed, and fairly 
reported. Lack of verifi cation of complete and 
accurate data undermines the confi dence that par-
ticipants, clinical investigators, and regulatory 
agencies have in its dataset. Without such verifi -
cation, clinicians, administrators, and consumers 
alike have no substantiated information upon 
which to base decisions about therapies, program 
performance, resource utilization, or any one of a 
myriad of health care delivery concerns are 
based. In the absence of validated data, the ability 
of the database to perform multiple important 
functions is largely lost, including the ability to:
•    thoughtfully and empirically advance quality 

initiatives,  
•   establish clinical guidelines, and  

•   perform maintenance of professional 
standards.    
 Data verifi cation, then, is central to the 

increasing role of outcomes databases in the 
formation of health care structure and policy 
[ 25 ,  26 ].  

    Principles of Data Verifi cation 

 The attributes of a rigorous and effective data 
 verifi cation process have been outlined by the 
Royal College of Surgeons [ 27 ], the Agency for 
Health Care Research and Quality (AHRQ) and 
others [ 28 – 30 ]. Features consistently cited as 
integral to this process include:
    1.    Confi dentiality: First and foremost amongst 

these is confi dentiality. The verifi cation pro-
cess must ensure the protection of the data 
being examined. Patient specifi c information 
must be protected as well as the identity of the 
center from which the data is submitted. The 
participating center must feel assured of this 
protection if the verifi cation process is to be 
most effective. This assurance diminishes the 
tendency for the verifi cation process to be per-
ceived as an adversarial or prosecutorial exer-
cise. Instead, it fosters a cooperative and 
educational atmosphere whereby defi ciencies 
are viewed in terms of opportunities to 
improve data quality rather than as examples 
of ignorance, incompetence, or worse. 
Confi dentiality is, of course, a covenant 
between the persons involved in data verifi ca-
tion and the clinical team members. Secure, 
password protected fi les and computers are 
mandatory requirements. 

 This concept has recently come under 
attack in the United States. The state of 
New York has required that mortality data in 
cardiac surgery be made public relative to 
hospital and even individual surgeon. The 
need for accurate, complete, and fairly ana-
lyzed and reported data has therefore become 
paramount, and it is now extremely important 
that clinical principles and credible data veri-
fi cation be applied to the entire registry data 
process [ 31 – 34 ].   
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   2.    Transparency: While confi dentiality is of 
 paramount importance, transparency of data 
verifi cation results is nearly its equal. 
Objective scrutiny of data quality is only use-
ful if the results of such scrutiny are readily 
available for review and analysis. This is true 
for database participants desiring to assess 
their performance as compared with their peer 
group, for database personnel who may iden-
tify problematic features of the data elements 
that need correcting, and for outside agencies 
that may use database analyses for any num-
ber of regulatory or other reasons. All of these 
interested parties’ confi dence in the ability of 
the database to perform the function they 
desire hinges on the transparent reporting of 
data quality in a formalized and thorough data 
quality report.   

   3.    Independence: The verifi cation team should 
design and perform its function without inter-
ference from database personnel or partici-
pants. The independence and objectivity of 
the data verifi cation process is crucial to 
ensure dispassionate evaluation not only of 
participant performance but also issues related 
to database design and function. Thus, both 
“sides” of the database relationship (partici-
pant and database personnel or offi cers) must 
acknowledge and cooperate with the principle 
that the data verifi cation team and function 
must “stand apart”. This requirement is sub-
stantially addressed by contractual involve-
ment of a professional third party in the data 
verifi cation process. However, when surgeons 
are involved in the verifi cation of data, as is 
necessary with the complexity of congenital 
heart disease, it is critical that potential con-
fl icts of interest be scrupulously avoided.   

   4.    Consistency: The data verifi cation methodol-
ogy should be well documented and available 
for review by whomever may be interested. 
Data dictionaries should be established and 
updated so adjudication of data errors is as 
straightforward and objective as possible. 
Clearly written educational materials should 
be maintained to provide general and specifi c 
information regarding best practices in data-
basing, suggested support personnel, coding, 

and other topics for clinical and data entry 
personnel. Verifi cation processes must be uni-
form to facilitate data quality analysis and rec-
ognition of trends in data inaccuracies over 
time. Consistent verifi cation practices assure 
database participants that data quality results 
are an “apples to apples” comparison to their 
peer group.   

   5.    Effi ciency: Data verifi cation processes can be 
very resource intensive [ 35 ]. The methodol-
ogy selected for verifi cation should take into 
consideration the resource burden such pro-
cesses may place on the participating center. 
In addition to minimizing resource utilization 
impact on participants, effi ciencies in the veri-
fi cation process allows, if needed, more 
expansive application of data quality monitor-
ing within the database. This, in turn, increases 
data quality and shortens the interval between 
verifi cation episodes at each participating 
center.   

   6.    Accountability: For data verifi cation pro-
cesses to be relevant, signifi cant fi ndings must 
result in action. This action may be as simple 
and straightforward as instituting regular cod-
ing educational sessions for data entry person-
nel or increased involvement of surgeons in 
the processes of entry of data. In the most seri-
ous of instances, it may mean corrective action 
to address data fraud on the part of a database 
participant. In any case, the performance of 
data verifi cation implies an intention to act 
upon its fi ndings. The governance bodies 
responsible for maintenance of the database 
should have a clearly defi ned reporting struc-
ture for the database and its data verifi cation 
process. This most often is in the form of a 
data verifi cation committee or subcommittee 
which reports to a larger group of stakehold-
ers overseeing the database and its various 
functions. Mechanisms for addressing issues 
identifi ed through data verifi cation should be 
prospectively established. The Royal College 
of Surgeons of England, for instance, has a 
College Hospital Recognition Committee and 
a Specialist Advisory Committee which are 
charged with examining evidence that effec-
tive clinical audit meetings are taking place, 
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that these are attended regularly by surgical 
staff, that documentation of those meetings is 
available, that appropriate institutional sup-
port is in place,  and that recommendations 
arising from the audit have been implemented  
[ 27 ]. It is accountability and an active feed-
back mechanism that allows the audit cycle to 
be effective (Fig.  29.1 ). Without  accountability, 
data driven improvements in the processes of 
data entry cannot be accomplished.

           Methods of Data Verifi cation 

 There are three basic approaches to data verifi ca-
tion (also referred to as monitoring):
    1.    automated intrinsic verifi cation of data   
   2.    manual audit of data, which may be performed 

on-site or remotely with “virtual audit”, and   
   3.    verifi cation of data using additional external 

data sources of data such as national registries 
of death.     
 Remote (or central) data verifi cation can 

include both automated intrinsic monitoring 
(automated intrinsic verifi cation of data) and vir-
tual remote audit. Hybrid approaches to data 
verifi cation are most common. 

 The methodology chosen for data verifi cation 
is infl uenced by multiple factors:
•    the objectives of the registry or database,  

•   the type of data being collected,  
•   the sources of data,  
•   resources available for verifi cation, and  
•   the timeframe of data collection and analysis.    

 The core element of data verifi cation is what is 
referred to as Source Document Verifi cation 
(SDV). This refers to direct review of the source 
documents (operative logs, medical records, lab-
oratory documents, consent forms, etc.) by the 
auditor. SDV usually occurs on site, but with the 
advent of electronic medical records, may in 
some instances be feasible remotely. In high 
complexity data situations, and where verifi ca-
tion expectations are stringent, on site methodol-
ogies are usually employed [ 28 ]. 

 Remote monitoring is able to identify missing 
values, out of range or nonsense values, and 
responses that are either internally (to the partici-
pant) or logically inconsistent. In addition, with 
increasing frequency, central statistical monitoring 
is employed to detect abnormal patterns of submit-
ted data to allow for more focused analysis, either 
remotely or on site [ 36 ]. This approach is referred 
to as targeted, adaptive, or triggered monitoring. It 
has been argued that these statistically driven tech-
niques may be more sensitive discriminators of 
data error or fraud than more traditional data veri-
fi cation practices [ 37 ]. The most notable example 
of this is the second European Stroke Prevention 
Study, wherein data for 438 patients were fabri-
cated at a single center. This fraud was detected by 
an abnormal distribution of plasma levels of aspi-
rin and dipyridamole as compared to other centers 
[ 38 ]. Remote verifi cation procedures should be a 
standard aspect of data cleaning and ongoing feed-
back to participating centers in a registry on an 
ongoing basis, but they are also an integral part of 
the data verifi cation process. In fact, it may be 
argued that, in the future, with increasingly sophis-
ticated pattern recognition software, the highest 
quality data will be realized using real time remote 
monitoring of inputted data and the mathematical 
modeling referenced above. 

 Another signifi cant advantage of remote veri-
fi cation of data is cost savings. Travel and related 
human resource expenditures for site monitoring 
can account for as much as 35 % of clinical trial 
costs [ 39 ] and may contribute to database partici-
pation costs in an era when institutions are facing 

Select
standards 

Collect data

Present,
interpret
results 

Make
changes,
monitor
effects 

Determine
scope of

audit 

  Fig. 29.1    The audit cycle (Adapted from Boult and 
Maddern [ 51 ])       
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diminishing resources for non-clinical activities. 
In addition, time spent traveling is time that can-
not be used for remote monitoring activities, thus 
diminishing the number of sites that can be moni-
tored annually. A distinct disadvantage of remote 
verifi cation is the lack of interface between the 
data verifi cation team and the participating center 
personnel. Education and support of database 
managers and surgeons is a central goal of the 
process of data verifi cation, and the diffi culty of 
performing this role with remote verifi cation is a 
signifi cant issue. 

 Historically, on site monitoring has been the 
main modality for data verifi cation. The practice 
of on site SDV has come under increasing scru-
tiny, however, due to concerns about utilization of 
resources [ 40 ]. SDV produced very low rates of 
signifi cant data discrepancies as exemplifi ed by 
the audit of a large cancer clinical trial that 
revealed no difference in measurements of 
observed serious adverse events or death com-
pared to data without SDV [ 41 ]. These consider-
ations can be minimized by using targeted remote 
monitoring techniques. The remote use of elec-
tronic medical records (EMRs) can also reduce 
the on site time required for data verifi cation [ 42 ]. 

 While 100 % SVD has been the standard in 
clinical trials, this is not possible in the setting of 
very large multi-institutional databases such as 
the Society of Thoracic Surgeons (STS) 
Congenital Heart Surgery Database (CHSD). In 
such instances, random sampling of 5–20 % of 
centers and/or documents is customary. 

 As mentioned above, when complexity of the 
dataset is pronounced, and where tolerance for 
inaccurate data is low (i.e., the monitoring of 
mortality related to intervention), on site data 
verifi cation is generally required. On site moni-
toring gives auditors direct and complete access 
to source documents and the ability to immedi-
ately pursue issues involving missing or unusable 
(illegible or fragmentary) documentation. 
Auditors are able to work with on site personnel 
directly to resolve these issues in real time. In this 
way, on site verifi cation is reliably thorough and 
completed in a short amount of time. Finally, on 
site verifi cation has the very important attribute 
of face to face debriefi ng and education. Although 
verifi cation of the completeness and accuracy of 

the data in the database is the most important 
function of the data verifi cation process, educa-
tion of the participants in the database is a sec-
ondary benefi t of the data verifi cation process 
which can have a substantial impact on the qual-
ity of the data in the database. Properly conducted 
data verifi cation processes are educational and 
professionally enriching for database partici-
pants. The audit should not be viewed or experi-
enced as punitive or prosecutorial in nature. The 
ultimate goal of the data verifi cation process is to 
improve data completeness and accuracy, thereby 
amplifying the already well established power of 
well run databases.  

    A Data Verifi cation Process: The STS 
Congenital Heart Surgery Database 

 The STS CHSD is the largest congenital heart 
surgery database in the world and now contains 
over 300,000 operations performed between 
1998 and 2014. Remote, intrinsic auditing of 
submitted data is performed by the Duke Clinical 
Research Institute (DCRI), and three pilot on site 
audits were done prior to 2007. At that time, 
after a thorough investigation of legal issues was 
conducted by the STS, a formal data verifi cation 
process was designed and initiated, which 
involved on site visits and more recently remote 
data verifi cation. The initial experience with this 
data verifi cation process has been previously 
reported [ 3 ]. 

 The STS CHSD data warehouse and analytic 
center is at the DCRI. An independent medical 
audit fi rm, The Iowa Foundation for Medical Care 
(now Telligen), was retained by the STS to man-
age the data verifi cation process. The data verifi -
cation cycle is carried out through collaboration 
between STS, DCRI, and Telligen. Two congeni-
tal heart surgeons, who are members of the Audit 
Subcommittee of the STS Congenital Heart 
Surgery Database Taskforce, provide input into 
the logistical details of the verifi cation process 
and analysis of its results. Formal data verifi cation 
reports are made to the STS Database Taskforce 
each year at the STS Annual Meeting. The audits 
are designed to validate the integrity of the data 
 contained in the database through evaluation of 
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the completeness and accuracy of the database, as 
well as the consistency and  comprehensiveness of 
practices of collection of data among a random 
sample of database participants. 

 In 2007, the fi rst year of the offi cial audits, 
fi ve sites were audited with site visits. In 2011, 
“desk audits” using remote SDV via EMR or 
shipped paper medical records were fi rst con-
ducted. In 2013, eight centers were being audited 
(fi ve on site audits and three desk audits), repre-
senting nearly 10 % of the 92 participating cen-
ters that submitted data the prior year. Unless 
serious problem issues are discovered, centers 
that undergo an audit are not eligible for re- 
auditing until the fourth year following the previ-
ous year of audit. 

 The on-site data verifi cation process is as 
follows: 

    Pre-site Visit 

•     At DCRI, 20 eligible sites are randomly 
selected for potential data verifi cation by the 
end of the fi rst quarter of the year.  

•   The fi rst eight centers (or whatever is the pre- 
determined number to be audited during the 
current year) receive a Site Audit Notifi cation 
letter at least 6–8 weeks in advance of the pro-
posed audit. If exigencies prevent auditing of 
any of the fi rst eight centers (natural disaster 
or other substantial and unanticipated event) 
then the next center on the list from the overs-
ample is chosen and notifi ed.  

•   The population of data to be audited is opera-
tions that were performed during the calendar 
year prior to the audit.  

•   A Data Manager Questionnaire is completed 
by the site prior to the audit, and this is 
reviewed by an auditor at Telligen with exten-
sive knowledge of the STS CHSD. It is used to 
obtain details regarding the data entry process 
at the participating center such as timing of 
data entry, personnel entering data, and docu-
mentation utilized. Procedures in place for 
quality control of data submitted are also 
itemized. Areas of concern regarding the 
 process of data entry and monitoring can in 

this way be prospectively identifi ed prior to 
performance of the audit.  

•   At DCRI, 30 primary procedures are ran-
domly selected for each center from the year 
under review. The random list is numbered 
consecutively. At Telligen, the fi rst 20 proce-
dures are selected for the audit, starting with 
the fi rst numbered case. The oversample is 
created in order to accommodate any possible 
logistical issues (unavailable record, inappro-
priate procedure, etc.) that might preclude a 
case from being reviewed.  

•   A data fi le is then created for each case 
selected by DCRI. These fi les contain data 
regarding the center’s software and vendor, 
operation and patient identifi cation numbers, 
and the clinical data elements that will be 
reabstracted by the auditors. Currently there 
are 37 such elements. In 2012, over 4,200 
variables were audited [ 43 ].  

•   At DCRI, a list is created of all cases with 
any data element indicating mortality, and 
reabstraction of this list is also part of the 
audit.  

•   Finally, also at DCRI, two case log lists are 
created:
 –    All cases submitted by the center undergo-

ing audited for the calendar year under 
review.  

 –   All submitted cases designated CPB or 
Non-CPB cardiovascular. In the STS 
CHSD, only cases of these two types are 
included in the analysis of mortality.        

    On Site Audit Procedures 

•     In order to minimize bias a scripted interview 
is performed with the center’s data manger 
and the surgeon responsible for the database. 
The Data Manager Questionnaire is reviewed 
and a discussion of database policies and pro-
cedures is conducted. Particularly diffi cult 
aspects of data entry, such as obtaining 30 day 
mortality status, are specifi cally targeted in 
this discussion.  

•   For data completeness, a case log comparison 
is performed. The data submitted to the STS 
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CHSD is compared with the hospital operative 
procedure case log. Discrepancies are  identifi ed 
and the reason for each one determined.  

•   The 37 data elements are reabstracted from 
the medical records of the hospital for 20 ran-
domly selected cases and compared with the 
data elements submitted to the STS CHSD by 
the center. The following data elements are 
routinely abstracted by the surgeon auditor:
 –    Pre-operative Factors  
 –   Fundamental Diagnosis  
 –   Primary Diagnosis  
 –   Primary Procedure  
 –   Complications     

•   All audited fi elds are adjudicated and classi-
fi ed by the auditors according to the following 
schema that assigns every audited fi eld to one 
of the following four classifi cations:
    1.    Match   
   2.    Acceptable Variance (minor difference in 

coding)   
   3.    Unacceptable Variance   
   4.    Missing Data     

 (Note: “Match” is the default value; there-
fore, it is not necessary to make a notation for 
a matching value during the adjudication 
process.)    
 Rates of agreement as well as rates of com-

pleteness are calculated for each data element, 
using the following formulas:
   Rate of agreement = (Match + Acceptable Variance)/

(Match + Acceptable Variance + Unacceptable 
Variance)  

  Rate of completion = (Match + Acceptable Variance + 
Unacceptable Variance)/(Match + Acceptable 
Variance + Unacceptable Variance + Missing 
Data)   

•    All index operations associated with mortality 
are reabstracted by the auditors. A total of 11 
data elements are reabstracted for each mor-
tality case. The following mortality classifi ca-
tions are reabstracted exclusively by the 
surgeon auditor:
 –    Mortality: status at hospital discharge 

(Discharge Mortality)  
 –   Mortality: 30-day status (30-day Mortality)       

 Operative Mortality includes both (1) all 
deaths occurring during the hospitalization in 

which the operation was performed, even if 
after 30 days; and (2) those deaths occurring 
after discharge from the hospital, but within 
30 days of the procedure. These classifi cations 
have been described in detail previously [ 44 , 
 45 ]. Precise defi nitions are critical to ensure 
accurate Calculation of mortality and rates of 
agreement.
•    A summary conference is conducted with the 

database manager, responsible surgeon, any 
other interested clinical or administrative on 
site personnel, auditor, and surgeon-auditor. 
The data verifi cation process is reviewed as are 
its preliminary fi ndings. Case by case review 
of errors identifi ed in the submitted data is per-
formed. Clarifi cations of data defi nitions and 
data collection processes are provided. Trends 
in data inconsistencies are specifi cally identi-
fi ed, and structural or procedural systematic 
issues affecting data quality are addressed in 
detail. Preliminary recommendations to 
improve data quality are provided. The post 
site visit process is discussed (see below).     

    Post-site Visit 

•     A summary report is prepared within 30 days 
of completion of the audit by Telligen. After 
review by the surgeon-auditor, this report is 
submitted to the STS administration and after 
review by STS the report is forwarded to the 
data manager and responsible surgeon at the 
participating center. As discussed above, an 
annual compilation of the fi ndings of data ver-
ifi cation is presented to the STS Congenital 
Heart Surgery Database Taskforce.    
 This process of verifi cation of data has proved 

to be both effective and effi cient for the STS 
CHSD. Data quality has measurably improved 
since the inception of the audits. A small number 
of centers have (randomly) undergone repeat 
data verifi cation. Repeat audits have uniformly 
documented improved rates of agreement, sug-
gesting the process of data verifi cation has a 
salutary and measurable impact on data quality. 

 Discharge mortality has been consistently 
captured well by participating centers with 
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 resulting high rates of agreement. Historically, 
“Mortality: 30-day status (30-day Mortality)” has 
been more challenging to capture; however, the 
completeness and accuracy of the data in this 
fi eld of data has improved over time because par-
ticular emphasis has been placed on improving 
capture of 30 day status, and therefore, operative 
mortality. Agreement rates have improved sig-
nifi cantly as a result (Table  29.1 ).

   With accurate mortality data secured, future 
emphasis will be placed on improving data quality 
and agreement rates regarding complications and 
morbidity. As an initial step, focus will be on previ-
ously identifi ed major post-operative complications 
[ 46 ]. Educational initiatives and tracking of rates of 
agreement will be directed at capture of each these 
major morbidities individually. This evolution from 
focusing on the capture of mortality data, to that 
which addresses morbidities associated with inter-
vention, allows the STS CHSD to keep pace with 
metrics other than survival that are increasingly felt 
to be more relevant and important to the measure-
ment of quality in congenital heart surgery.  

    Verifi cation of Data Using Additional 
External Sources of Data Such 
National Registries of Death 

 Both automated intrinsic verifi cation of data and 
manual audit of data can be augmented by 
 verifi cation of data using additional external 

sources of data such national registries of death. 
In the United Kingdom Central Cardiac Audit 
Database, independent validation of the patient’s 
status (alive or dead) is achieved by central track-
ing using the linkage of each patient’s National 
Health Service number to the Offi ce of National 
Statistics, where the death of every resident in 
England and Wales is registered [ 3 ]. (Separate, 
similar systems exist in Scotland and Northern 
Ireland). Early efforts are underway to operation-
alize similar strategies with the STS Database in 
the United States of America [ 47 – 50 ].   

    Conclusion 

 Databases continue to move toward the center 
of national and international initiatives directed 
at improvement in the quality of healthcare. 
Governmental agencies, private payers, profes-
sional organizations, and patients all have a 
vested interest in the assessment of outcomes. 
Increasingly, certifi cation of professionals, 
reimbursement, health care policy, and struc-
tures of care delivery are driven by outcomes 
analyses derived from database content. 

 Verifi cation of the completeness and accu-
racy of data is central to the legitimacy, intel-
ligence, and credibility of these assessments. 
Without robust and independent data verifi ca-
tion processes, such completeness and accu-
racy cannot be assumed. The consequences 
related to the use of incomplete or inaccurate 
data in the conduct of clinical care or the 

   Table 29.1    Mortality audit results from the STS congenital heart surgery database: 2008–2012   

 2012  2011  2010  2009  2008 

  Mortality data  
 Surgery date  99.44 %  91.4 %  100.0 %  100.0 %  100.0 % 
 Admit date  100.0 %  100.0 %  96.0 %  99.0 %  100.0 % 
 Discharge date  99.72 %  99.5 %  96.0 %  100.0 %  100.0 % 
 Date of birth  100.0 %  100.0 %  100.0 %  100.0 %  100.0 % 
 Age  100.0 %  93.3 %  100.0 %  97.1 %  100.0 % 
 Gender  100.0 %  100.0 %  98.0 %  100.0 %  100.0 % 
 Operation type  96.90 %  100.0 %  94.3 %  94.4 %  NA 
 Mortality-discharge status  99.72 %  99.5 %  98.0 %  97.3 %  100.0 % 
 Mortality-30-day status  97.46 %  99.0 %  93.5 %  97.1 %  72.0 % 
 Mortality date  99.72 %  96.6 %  96.0 %  94.3 %  88.0 % 
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 formation of health care  policy and structure 
are at best wasteful and ill advised, and at 
worst devastating. 

 Several methods of data verifi cation exist. 
These have various strengths and weaknesses 
which potentially impact their accuracy, com-
pleteness, objectivity, and economy. Appropriate 
use of a particular data verifi cation platform 
requires understanding the vulnerabilities of a 
database and where the most likely sources of 
data inconsistencies may be found. Judicious 
use of resources to support the data verifi cation 
process is an important mechanism to contain 
costs associated with database participation, 
and may allow for expansion of the data verifi -
cation process to include a larger percentage of 
submitted data. Remote data verifi cation is one 
way to achieve this end. In the future, develop-
ment of software specifi cally designed to inter-
face with electronic medical records for the 
purpose of data reabstraction and auditing may 
facilitate the ability to perform remote audits 
more accurately and effi ciently. This tool, cou-
pled with pattern recognition software and the 
statistical approaches referenced above may 
provide a platform to create clean, complete, 
and highly accurate data in real time. Until then, 
however, vigorous and independent data verifi -
cation processes are central to the establishment 
and maintenance of any clinical database. 

 At present, complex data elements usually 
require traditional on site source document 
verifi cation. Though resource intensive, the 
value and reliability of SDV in assuring data 
quality justifi es this expense. The Society of 
Thoracic Surgeons Congenital Heart Surgery 
Database data verifi cation process has proven 
to be a reasonably effective and effi cient plat-
form for assessing and improving data quality. 
Other organizations wishing to perform data-
base data verifi cation may fi nd this a useful 
template.     
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        Introduction 

 As discussed in Chap.   14    , multicenter databases 
and registries are increasingly used in pediatric 
cardiovascular medicine. These datasets serve a 
variety of functions including research, bench-
marking of performance, and quality improve-
ment [ 1 – 11 ]. There are now numerous different 
clinical registries, administrative datasets, and 
other large multicenter data sources used for 
these purposes in the fi eld. Many of these are 
described in detail in Chap.   14    . 

 However, there are also certain limitations to 
consider. There are relatively few existing data 
sources, each containing a limited set of variables. 
In addition, the different datasets do not readily 
communicate with each other. Analyses of admin-
istrative databases can be further limited as these 
data sources rely on International Classifi cation of 
Diseases, Ninth Revision (ICD- 9) diagnosis and 
procedure codes to identify and classify patients 
which is known to have limited accuracy [ 12 ]. 
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Finally, there are limited current mechanisms for 
effi cient collection of additional data points or 
new information to answer important clinical 
questions that may arise.  

    Rationale for Linking Databases 

 Linkage of existing data sources can address 
many of the limitations associated with the use of 
individual datasets [ 13 ]. Linking databases 
expands the pool of available data for analysis 
and capitalizes on the strengths of different types 
of data sources. Linkage allows analyses other-
wise not possible with single center data or indi-
vidual datasets alone. Linking datasets can be 
more time and cost effi cient than creating addi-
tional new datasets, and can involve several dif-
ferent methodologies.  

    Mechanisms for Linking Data 

    Linking on Unique Identifi ers 

 Some datasets contain unique patient identifi ers 
such as social security number and these data can 
facilitate linkages with other data sources. For 
example, the Society of Thoracic Surgeons (STS) 
Adult Cardiac Surgery Database recently began 
collecting unique identifi ers, including social 
security number which has enabled linking of 
this database to the Social Security Death Master 
File in order to evaluate long-term mortality [ 14 , 
 15 ]. Unique identifi ers were also recently incor-
porated into the STS Congenital Heart Surgery 
Database, and this may facilitate similar linkages 
in the future to assess long-term mortality in this 
cohort. This methodology has been successfully 
used in the outpatient pediatric cardiology realm 
as well, where investigators linked outpatient 
records regarding pediatric cardiology visits for 
chest pain to the National Death Index and Social 
Security Death Master File to evaluate for subse-
quent mortality in this cohort [ 16 ]. However, new 
limitations on the availability of the Social 
Security Death Master File for research purposes 

may pose a greater challenge to the use of this 
methodology in the future. There will likely be 
other challenges to consider in the pediatric pop-
ulation as well, as many neonates undergoing 
cardiac surgery may not have yet had a social 
security number assigned, for example.  

    Linking on Indirect Identifi ers 

 While linkage on direct or unique identifi ers is 
the easiest way to accomplish linkages between 
datasets, these are often not collected or readily 
available for analysis in many databases due to a 
variety of regulatory requirements and concerns 
[ 17 ]. Thus, methodology has also been devel-
oped to link databases records through the use 
of “indirect” identifi ers [ 18 ]. These include date 
of birth, date of admission, date of discharge, 
sex, and center where hospitalized. It has been 
shown that nearly all records at a given center 
can be uniquely identifi ed using these indirect 
identifi ers, and that a crosswalk can then be cre-
ated between two datasets, linking patients on 
the values of center where hospitalized and the 
indirect identifi ers (Fig.  30.1 ). This method has 
been used to successfully link adult cardiac 
databases [ 18 ].

Patient X

Hospital

DOB

Admit date

Discharge date

Sex

Hospital

DOB

Admit date

Discharge date

Sex

Clinical data

Clinical registry Administrative database

Resource utilization data

  Fig. 30.1    Linkages Based on Indirect Identifi ers. This 
fi gure describes how information on patient “X” entered 
into both a clinical registry and an administrative database 
may be linked through the use of indirect identifi ers. 
Linkage on the indirect identifi ers collected in both datas-
ets (Hospital, DOB, Admit Date, Discharge Date, Sex) 
allows the information on patient X in one dataset to be 
linked to their information in the other dataset, such that 
clinical data and resource utilization data (for example) 
may be analyzed together.  DOB  date of birth       
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   Our group recently adapted this methodology 
to successfully link two large pediatric data 
sources [ 13 ]. The STS Congenital Heart Surgery 
Database is the largest pediatric heart surgery 
registry worldwide and contains detailed pre- 
operative, operative, and outcomes data on all 
patients undergoing pediatric heart surgery at 
participating centers. However, the STS Database 
does not collect resource utilization data. The 
Pediatric Health Information Systems (PHIS) 
Database is a large administrative database con-
taining inpatient data from >40 US children’s 
hospitals. It contains valuable resource utilization 
information such as total charges (which can be 
used to estimate costs), as well as data regarding 
medications, laboratory test, imaging, etc. 

 Linking these two datasets allows us to utilize 
the detailed operative data from the STS 
Congenital Heart Surgery Database, and the 
resource utilization data from the PHIS Database 
[ 13 ]. Both datasets contain useful information 
regarding various patient and center factors and 
outcomes. All of these data may be pooled 
together for analysis. 

 From 2004 to 2008, 30 US centers submitted 
data to both the STS Congenital Heart Surgery 
Database and the PHIS Database, accounting 
for approximately 45,000 admissions and 
encompassing a wide range of center surgical 
volume and geographic region [ 13 ]. Through 
using the methodology of linking on indirect 
identifi ers, we successfully linked data on 90 % 
of eligible patients. We were also able to vali-
date the  linkage methodology, demonstrating in 
a 10 % sample of records that 100 % of the 
records linked using indirect identifi ers were 
indeed true matches bases on evaluation of med-
ical record number [ 13 ]. We have subsequently 
updated the link through 2010 such that linked 
data is now available for more than 60,000 
patients from 33 US centers [ 19 ,  20 ]. The data 
have been used to successfully conduct several 
comparative effectiveness and health economic 
studies that would not have been possible using 
either dataset alone. For example, different regi-
mens of peri- operative corticosteroids and anti-
fi brinolytic medications have been evaluated 

using the linked dataset [ 19 ,  20 ]. We have also 
evaluated clinical and resource utilization out-
comes associated with hospital rates of post-
operative infection, and have examined the 
variability in hospital costs across centers per-
forming pediatric heart surgery [ 21 ].  

    Center-Level Linkages 

 Linking registry data to other center level data 
through matching on center can be easily accom-
plished. For example, a survey regarding differ-
ent center-level models of intensive care unit 
(ICU) care was successfully linked to the STS 
Congenital Heart Surgery Database. This linkage 
enabled evaluation of the association of the vari-
ables collected in the survey with outcomes data 
collected in the STS Database [ 22 ]. A similar 
linkage involving merging of hospital-level data 
regarding nursing practices with outcomes data is 
also ongoing.  

    Supplementary Data Modules 

 Data linkages can also be accomplished through 
the development and use of a modular data col-
lection system that enables collection of supple-
mental data points to the main registry. The 
modules are generally web-based and can be 
quickly created and deployed to allow “real- 
time” collection of additional data. They are 
more time and cost-effi cient compared with tra-
ditional data collection methods that may dupli-
cate data already being collected in the main 
registry. This methodology has been recently 
successfully used by the Pediatric Cardiac 
Critical Care Consortium (PC 4 ) to design a mod-
ule to collect supplemental data to their main reg-
istry to study the relationship between 
Vasoactive-Inotropic Score (VIS) and outcome 
after infant cardiac surgery [ 23 ]. This methodol-
ogy allowed for effi cient data collection, with 
391 infants prospectively enrolled in the study 
and data collection completed during a span of 
6 months. Supplementary data modules have also 
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been used within the STS Congenital Heart 
Surgery Database to collect pilot data on various 
quality measures in order to evaluate potential 
issues with defi nitions and data collection before 
these measures were considered for incorpora-
tion into the main database [ 24 ].  

    Collaboration/Partnering Between 
Databases 

 Data can also be shared or linked through col-
laboration and partnering between different orga-
nizations and datasets. For example, beginning in 
2010 the STS and the Congenital Cardiac 
Anesthesia Society collaborated to add a new 
anesthesia section to the STS data collection 
forms [ 25 ]. Anesthesia data are now collected, 
harvested, reported, and analyzed along with sur-
gical data for participating centers. This approach 
proved to be more time and cost effi cient than 
creating a separate anesthesia database in which 
many of the fi elds regarding patient characteris-
tics and the operative procedure would have been 
duplicated between databases. Another example 
of partnering between databases involves the 
ongoing collaboration between the Congenital 
Heart Surgeon’s Society (CHSS) and STS. This 
collaboration involves leveraging the information 
collected in the STS Congenital Heart Surgery 
Database in order to help participating sites bet-
ter identify patients who may be eligible for 
enrollment in certain CHSS longitudinal cohort 
studies.  

    Future Directions 

 To facilitate further linkages and expand the 
potential for sharing of data between multiple 
sources, there has been increasing interest in the 
creation of a Global Unique Identifi er (GUID) 
[ 26 ]. Developed by the autism research commu-
nity, the GUID allows multiple linkages and also 
maintains privacy. It is generated based on a set 
of simple identifi ers unique to the patient, and 
undergoes encryption before being shared with a 
central system so that identifi ers are never trans-
mitted or stored outside the local site [ 27 ]. In 

autism research, the GUID is used to track 
patients between studies and forward in time. 
The National Heart, Lung, and Blood Institute 
Pediatric Heart Network is currently investigat-
ing mechanisms to incorporate a GUID into pedi-
atric cardiac datasets [ 26 ]. 

 Better integration of data in the future will 
also likely require investigators to take advantage 
of current technologies such as social media and 
mobile devices which may allow more effi cient 
engagement with patients and better collection of 
patient reported quality of life and functional out-
comes compared with older methodology relying 
on surveys delivered via phone or mail. 
Investigating better ways to harness the increas-
ing amount of data collected in the electronic 
medical record will also be important.   

    Conclusions 

 In summary, linkage of information across a 
variety of pediatric cardiac datasets is possible 
and can involve several different methodolo-
gies. Linkage capitalizes on the strengths, and 
mitigates some of the weaknesses, of different 
types of data sources and can allow analyses 
not otherwise possible with single center data 
or individual datasets alone. Further develop-
ment of this methodology may facilitate anal-
yses not only of isolated short-term outcomes 
associated with a particular operation, device, 
or medication, but enable longitudinal evalua-
tion of the child diagnosed with congenital 
heart disease who may receive multiple differ-
ent therapies during their lifetime.     
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    Abstract  

  National databases are beginning to play a key role in the care of patients 
by predicting prognosis of particular treatment, defi ning risk factors, and 
aiding with the selection of patients for particular treatments. These data-
bases also help to establish standards of care, which are gaining impor-
tance as government is beginning to emphasize on “pay for performance” 
programs. Medical societies are therefore establishing databases that can 
provide relevant and accurate clinical information for these purposes. The 
increase in number of medical societies using their own database for 
research and improvement in quality of care has sparked new challenges. 
Societies particularly related to procedure-based specialties usually lack 
the ability to record longitudinal follow-up data for mortality, as providers 
in these specialties often follow their patients only for a short period of 
time after the procedure. This limitation in longitudinal data regarding 
“late” mortality can be overcome by linking these national databases with 
national registries of death. Herein, an example of a surgical society is 
presented to demonstrate how a national death registry is used to empower 
a national database. The information gathered, the comparisons outlined, 
and the processes used to determine the best combination of indices of 
death for this society should be translatable and hopefully useful for other 
societies and registries who wish to empower their databases with long-
term national data about mortality.  
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     A growing number of medical societies have 
formed their own databases in view of their goal 
to provide high quality patient care through edu-
cation and research. These databases have been 
instrumental in
•    providing insight in various therapies,  
•   creating benchmarks,  
•   standardizing the reporting of outcomes,  
•   educating patients, and  
•   interacting with industry, payers, and 

government.    
 Surgical specialties have relied more on these 

databases to help with the care of patients by pre-
dicting prognosis, defi ning risk-factors, and aid-
ing with the selection of patients who are the best 
candidates for particular procedures. Above all, 
for most surgical specialties, as governmental 
“pay-for-performance” initiatives evolve, these 
databases will be contributory in establishing the 
standards of care and benchmarks of perfor-
mance. If these accurate clinical databases from 
individual societies are not available, government 
will use administrative databases that are avail-
able and infer the data from them. These infer-
ences from administrative claims data will not be 
a correct representation of the population or their 
outcomes. 

 An inherent issue with databases of surgical 
societies is that after a short-term post-operative 
course, the surgeons are no longer the primary 
care provider for the patients. Therefore, their 
ability to track the long-term outcomes of the 
patients is limited, resulting in databases that 
usually lack the ability to report long-term out-
comes. This lack of data about longitudinal out-
comes represents a signifi cant limitation of 
otherwise robust databases such as “The Society 
of Thoracic Surgeons National Database” which 
has more than 5.1 million surgical case records in 
its three components: Adult Cardiac Surgery, 
General Thoracic Surgery, and Congenital Heart 
Surgery [ 1 ]. 

 The addition of long-term follow-up data to an 
otherwise comprehensive database has many 
advantages including:
•    comparing novel surgical techniques,  
•   enabling longitudinal comparative effective-

ness research comparing different treatments  
•   facilitating longitudinal surveillance of 

implanted medical devices, and  
•   educating patients about their long-term 

prognosis.    
  Herein, the Society of Thoracic Surgeons 

(STS) is used as an example to demonstrate how 
a professional medical society can use a national 
death registry to empower a national clinical 
database . 

 “Founded in 1964, The Society of Thoracic 
Surgeons is a not-for-profi t organization rep-
resenting over 6,800 surgeons, researchers and 
allied health care professionals worldwide who 
are dedicated to ensuring the best possible out-
comes for surgeries of the heart, lung, and esoph-
agus, as well as other surgical procedures within 
the chest.” ([  www.sts.org    ], accessed April 26, 
2014). The mission of STS is “to enhance the 
ability of cardiothoracic surgeons to provide the 
highest quality patient care through education, 
research, and advocacy.” By sending in their 
data about outcomes to the Society of Thoracic 
Surgery Database, surgeons are committing to 
improving the quality of care that their cardiotho-
racic surgical patients receive. In January 2007, 
STS established a Database Task Force to inves-
tigate ways to strengthen the database by extend-
ing its long- term follow-up. Key outputs of this 
 initiative include:
•    the inclusion of “personal health information” 

in the STS Database that can facilitate both 
longitudinal follow-up and linkages of 
databases  

•   the creation of strategies to link to other data-
bases such as the National Cardiovascular 
Data Registry (NCDR) of the American 
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College of Cardiology, the database of the 
Centers for Medicare and Medicaid Services 
of the United States of America, the Pediatric 
Health Information System (PHIS) database, 
and various national death registries, using 
both probabilistic matching (matching with 
indirect identifi ers) and deterministic match-
ing (matching with direct identifi ers).    
 These strategies greatly increase the ability of 

STS to help patients and physicians, facilitate 
research, support education and advocacy, and 
improve quality. 

    National Death Registries 

 Mortality is still considered the most important 
long-term outcome by patients, clinicians, and 
third parties, including government and industry. 
Therefore, the STS Task Force did due diligence 
regarding accessibility and accuracy of national 
registries of death and mainly focused its atten-
tion to the two most comprehensive registries of 
death in the United States of America:
•    the National Death Index (NDI), and  
•   the Social Security Death Master File 

(SSDMF).    
 The linking of a national mortality database to 

a surgical database has been successfully accom-
plished in United Kingdom where the Central 
Cardiac Adult Database was linked to a national 
registry of death obtained by the Offi ce of 
National Statistics using patients’ National 
Health Service number [ 2 ,  3 ].  

    The National Death Index 
of the United States of America 

 Death of a person in the United States, irrespec-
tive of their citizenship, is reported to the Offi ce 
of Vital Statistics of each state and a certifi cate is 
generated. This record is then used to create a 
registry of death at the state level. Therefore, 
before the establishment of the National Death 
Index, if someone wanted to verify the true mor-
tality in the United States within a specifi c regis-
try or database, it would have been necessary to 

send a standard form to each of the offi ces of the 
vital statistics in all 50 states. The offi ce for the 
state would cross-reference the “personal health 
information” given by the investigator with the 
registry of the death of the state and determine 
which subjects in the database of the investigator 
had died in that state. This process would take at 
least 8 months to 1 year to complete, but, in the 
past, was the most accurate and only mechanism 
to determine true mortality, regardless of citizen-
ship or age, in the United States of America. 

 In the 1970s, a work force committee of the 
National Center of Health Statistics recom-
mended a national registry of death, or “national 
death index” [ 4 ], be created by working with all 
50 states to centralize all state registries of death 
into one national registry of death. Since only the 
states have the authority to collect the certifi cates 
of death, the “National Death Index” could not 
mandate the collection of their registries. The 
state governments agreed to participate if their 
data would only be used for research. With this 
understanding, monetary contracts were negoti-
ated with all 50 states to obtain their registries of 
death yearly. 

 The National Death Index began in 1979 and 
activated for use in 1982. Initially, the National 
Death Index was partially funded by the National 
Institute of Health, but it became self- supportive 
in 1992. The National Death Index is part of the 
Division of Vital Statistics, which falls under the 
authority of the National Center of Health 
Statistics, a division of the Centers for Disease 
Control and Prevention. Yearly harvests of the 
registries of death from the states are done 12 
months after the end of each calendar year. The 
National Death Index then takes approximately 1 
year to organize, verify, audit, and insert the data 
into the database. This entire process leads to a 
2-year delay in the availability of the informa-
tion. Therefore, in 2007, all the deaths from 1979 
to 2005 were available. 

 To access the database, one must fi rst submit 
an application stating how the information 
learned from the National Death Index will be 
utilized. There is a list of acceptable uses and cri-
teria found on the website of the National Death 
Index [ 4 ]. The overriding criterion is that the 
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National Death Index can only be used in medi-
cal or healthcare research. It cannot be used for 
legal or administrative purposes. Once the appli-
cation is submitted, it takes approximately 2–3 
months to be processed and approved. Submission 
of records to the National Death Index is quite 
specifi c. One submits as many of the 9 National 
Death Index pre-determined items of “personal 
health information” into the format of an 
“American Standard Code for Information 
Interchange text fi le” (ASCII) as described on the 
National Death Index website [ 4 ]:
•    social security number  
•   day/month/year of birth  
•   fi rst name, middle initial, last name  
•   father’s surname  
•   gender  
•   marital status  
•   state of birth  
•   state of residence  
•   race    

 The National Death Index retrieval program is 
the software used to determine if a particular 
record of death in the National Death Index qual-
ifi es as a possible match with a submitted user 
record. To qualify as a match, both records must 
share at least 1 of 7 matching criteria listed:
•    Social Security Number  
•   Exact month and year of birth, fi rst and last 

name  
•   Exact month and year of birth, fi rst and middle 

initials, last name  
•   Exact month and day of birth, fi rst and last 

name  
•   Exact month and day of birth, fi rst and middle 

initials, last name  
•   Exact month and year of birth, fi rst name, 

father’s surname  
•   If the subject is female: exact month and year 

of birth, fi rst name, last name and father’s 
surname.    
 If a user record satisfi es 1 of the 7 matching 

criteria with one or more National Death Index 
records, the National Death Index records are 
retrieved. The software then analyzes each of 
the matching National Death Index records with 
the entire “personal health information” in the 
user record. It determines not only how many 

“ personal health information” data points match 
but the “quality” of the matching “personal 
health information” data. For example, matching 
social security numbers are of higher quality than 
matching fi rst names. The retrieval program uses 
this analysis to determine a probabilistic score 
for each matching record in the National Death 
Index. The score represents the probability that 
the record of death in the National Death Index 
is a true match with the submitted record of the 
user. The report of the National Death Index for 
a particular submitted record lists in descending 
order all matching records in the National Death 
Index with the probabilistic score of each record. 

 The program also determines if the matched 
record in the National Death Index with the high-
est probabilistic score meets criteria so that the 
user record is marked “probably dead”. This 
determination is based on the probabilistic score 
and the type and quantity of “personal health 
information” given by the user for this particular 
record. Per internal audit, the sensitivity of the 
National Death Index to capture death of a sub-
mitted record is 92–98 %, and if it determines 
that the patient is “probably dead”, the specifi city 
is 98 % [ 5 ]. 

 The use of National Death Index is costly, 
as this project is self-suffi cient and receives no 
federal funding. The National Death Index has to 
pay every state a fee each year to gain access to 
their registry. Additionally, it pays to each state a 
fee every time one of the records in state’s reg-
istry is matched to a submitted request. To the 
user, the National Death Index costs US$ 350 to 
submit a request initially and US $100 for each 
subsequent submission under the same protocol. 
The cost of each record searched each year is US 
$ 0.15 and US $ 0.21 for with and without cause 
of death, respectively [ 6 ]. This can sum up to a 
considerable amount of money when considering 
large cohort studies over a long period of time. 
To give an example, if a cohort of 1,000 patients 
undergoing a certain procedure over a 5 year 
period are submitted to National Death Index to 
establish mortality and its cause. It will cost the 
investigator a sum of US $630, but if the cohort is 
increased to 1,000,000 patients and study time to 
7 years, the cost will be US $1,176,000 [ 5 ]. 
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 National Death Index is to date the most accu-
rate and uncontaminated registry of death records 
in the United States because, unlike other regis-
tries of death, it is based on actual certifi cates of 
death, which are fi lled out for every death in the 
United States of America, regardless whether the 
deceased is a citizen or non-citizen or a child or 
adult. The National Death Index does not rely on 
any third party or extracted data from any other 
database; and therefore, the National Death Index 
is considered the “gold standard” for determining 
true mortality in the United States of America.  

    Social Security Administration 
Death Master File (Index) 

 The “Social Security Death Master File”, other-
wise known as the “Social Security Death Index” 
was created in the year 1980 by the Social 
Security Administration (SSA). It contains infor-
mation on anyone assigned a Social Security 
Number (SSN) whose death was reported to the 
SSA any time after 1962. 

 This chapter will fi rst describe the history of 
the Social Security Death Master File and its sta-
tus as of November 2011.  In November 2011, 
major changes in the availability of data from 
the Social Security Death Master File dramati-
cally decreased the utility of the Social Security 
Death Master File . These changes are discussed 
in the fi nal section of this chapter titled: “Future 
Challenges”. 

 The Social Security Death Master File is part 
of the SSA’s numerical identifi cation database 
called “NUMIDENT” Each entry in the Death 
Master File contains the following variables:
•    name of the person  
•   social security number  
•   date of birth  
•   month and year of death  
•   date of death if the record is from 2000 or later  
•   state or country of residence  
•   zip code of last residence  
•   zip code where “death benefi t payment” was 

sent.    
 The Social Security Administration is not per-

mitted to release to the public, in any form, data 

about death obtained from a state under the aus-
pices of section 205(r) of the Social Security Act, 
unless given permission by the state. All of the 
states do give their data from their registries of 
death to the Social Security Administration to be 
used for internal government functions. However, 
half the states do not give permission to the Social 
Security Administration to use that data for the 
Death Master File or any other dissemination to 
the public. 

 Therefore, the data in the Death Master File is 
retrieved from other sources. Approximately 
90 % of the reported deaths come from funeral 
homes and family members. The remaining 10 % 
come from various fi nancial agencies and/or the 
postal service. The majority of deaths are reported 
to the Social Security Administration in order to 
receive monetary benefi ts such as a burial benefi t, 
for which most are eligible. In October of 1981, 
Law P.L. 97–35 greatly reduced the number of 
people eligible for such benefi ts and thus the 
number of deaths reported to the Social Security 
Administration signifi cantly decreased. This 
problem was remedied in 1989 by the Death 
Benefi t Enunciation, which restored the death 
benefi t to even more families than before. This 
legislation is thought to have made the Death 
Master File more robust than it had ever been. 

 A single issue of the Death Master File, which 
is published quarterly, costs US$1730. This 
option is the most economical approach for 
someone who needs to sample the National Vital 
Statistics at a given time or only yearly. This fi le 
includes data from 1937 up to 2 months prior to 
the request date. 

 When the Social Security Death Master File 
was compared to the National Death Index for 
accuracy, it was 95, 97.8, and 99.6 % for years 
1990, 1995, and 1999 respectively [ 5 ]. It is 
impressive, however the sensitivity and speci-
fi city by external reviews usually including the 
known period of poor collection of data has been 
lower, around 73–83 % [ 7 – 9 ]. The sensitivity 
and specifi city increases with increasing age, and 
therefore, for a more elderly Veterans Affairs pop-
ulation the reported sensitivity was 92.1 % [ 5 ]. 
Conversely, the specifi city of the Social Security 
Death Master File drops precipitously with age. 

31 Use of National Death Registries to Empower Databases in Reporting Longitudinal Follow-Up



408

Limitation with the Death Master File is that it 
is based upon availability of specifi c parameters:
•    that the deceased was issued a Social Security 

Number  
•   that the deceased did not change their name  
•   that his or her death was reported to the Social 

Security Administration.     

    The Social Security Administration 
Vital Status Service 

 The Death Master File is not the only source of 
vital statistics that the social security offers; it 
also offers Vital Status Service to Epidemiological 
Researchers [ 10 ]. This service is available only 
for use in research that has been determined to 
contribute to a national health interest. This ser-
vice searches the following three government 
databases for the vital status of an individual. The 
service informs the user not only of probable 
death but of probable living:
•    NUMIDENT which contains information 

from Social Security cards and includes the 
Death Master File  

•   the Master Benefi ciary Record, which con-
tains information on all individuals receiving 
any governmental benefi ts, and  

•   the Master Earnings File, which contains 
information about earnings on all persons that 
both work and have a residence.    
 The Vital Status Service requires the follow-

ing six parameters for each submitted record:
•    the fi rst name of the patient  
•   the middle name of the patient  
•   the last name of the patient  
•   date of birth  
•   social security number, and  
•   sex    

 If any of this is not provided, this service can-
not be used. This requirement makes it diffi cult 
for cohorts that have predominantly pediatric 
population or if it is a retrospectively collected 
database. The cost of using Vital Status Service 
is 10 % less than using the National Death 
Index, especially for large cohorts. If the “ living 
status” of the person is not required than Vital 
Status Service does not provide any advantage 

over Death Master File as it uses the Death 
Master File to determine the “death status” of an 
individual.  

    Which National Death Registry Is 
Better? 

 Comparison of two national death registries is 
summarized in Table  31.1 . The National Death 
Index and the Social Security Death Index have 
been compared in the past [ 11 ]. When a society is 
deciding on which national registry of death to 
use to link to their database; there are many 
important factors to be considered such as accu-
racy, accessibility, and cost.

      Accuracy 

 The National Death Index is the most accurate 
and reliable way to determine mortality in the 
United States because it is based on certifi cates of 
death. Age, citizenship, or socioeconomic class 
does not affect the issuing of a certifi cate of 
death, and thus does not affect the National Death 
Index. Therefore, the National Death Index is the 
“Gold Standard”. The Death Master File is 
known to be most accurate for older patients who 
are benefi ciaries of Social Security. The limita-
tions in people, who are not benefi ciaries of gov-
ernmental funds, children, and non-citizens, are 
well known. There are also eras in which report-
ing of deaths to the Social Security Association 
was limited. However, since 1995, the sensitivity 
of the Death Master File has been greater than 
97 %, reaching 99 % in the past few years. Also, 
over the past 5 years, internal auditing has dem-
onstrated a specifi city of 93 %. As an increasing 
number of governmental databases are integrated, 
the accuracy of the Death Master File will con-
tinue to increase.  

    Accessibility 

 In regards to accessibility, the National Death 
Index is limited in that there is a 2-year lag 
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between collection of data and access of the user 
to that data. This delay makes “real-time” yearly 
reporting of mortality not possible with the 
National Death Index. However, one can update a 
prospective database monthly using the Death 
Master File. 

 The National Death Index is to be used for 
research only and cannot be used for administra-
tive functions or interactions with payers. The 
Death Master File has no restriction in the use of 
its information. Although the primary goals of a 
medical society for a database are to improve the 
care of patients, educate patients and physicians, 
and improve the performance of physicians, the 
database will eventually be used to interact with 
industry, third party payers, and the government. 

It can be argued that the primary function of the 
databases of The Society of Thoracic Surgeons is 
“healthcare operations”, which is not research. 
This limitation of the National Death Index must 
therefore be considered.  

    Cost 

 In regards to cost, the National Death Index is 
much more expensive when compared to the 
Death Master File. The cost of using the 
National Death Index to review retrospectively 
10 years of records from The Adult Cardiac 
Surgery Database of The Society of Thoracic 
Surgeons is US$1,881,638.25 [ 5 ]. In compari-

   Table 31.1    Comparison of National Death Registries   

 National death index  Death master fi le 

 Pros  Cons  Pros  Cons 

 Gold standard (most 
accurate) 

 Less accurate depending on 
patient population & era 
(<1995) 
 In November 2011, major 
changes in the availability of 
data from the Social Security 
Death Master File 
dramatically decreased the 
utility of the Social Security 
Death Master File 

 Sensitivity same for all  Good sensitivity for older 
adults (i.e. geriatric) 

 Poor sensitivity for certain 
populations (i.e. children) 

 Very expensive  Inexpensive (one-time fee) 
 Cost dependent on 
number of reports, and 
number of patients and 
years in analysis 

 Cost independent of 
reports rum or number of 
years or patients in 
analysis 

 Minimal data management  Complete data management 
 Returns probability of 
match; highly specifi c 

 Create program to manage 
data & report results to 
your specifi c needs 

 Accuracy should not 
change 

 Accuracy sensitive to 
governmental changes in 
policy 

 2 year delay for data 
availability, “Real-Time” 
yearly reporting 
impossible 

 Yearly reports are 
available with capture of 
99.5 % of deaths over the 
past year, “Real-Time” 
yearly reporting possible 

 Use of data restricted to 
research ONLY 

 No restriction on the use 
of data 

  Reprinted from Morales et al. [ 5 ], copyright © 2008. With permission from Cambridge University Press  
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son, the cost to perform the same analysis using 
the Social Security Death Master File is 
US$1,730.00 plus the cost of creating a program 
to cross reference the database of The Society of 
Thoracic Surgeons with the Death Master File. 
This program can be written to the preferences 
of the Society in terms of what data should be 
weighted stronger for matches, how much data 
is needed to be considered a match, and how 
matches are reported. The sensitivity and speci-
fi city of the results can therefore mostly be 
determined by the programmer. Also, once this 
program is created, it can be used to harvest 
mortality from the Death Master File in any 
increment of time and for any patient cohort. 
The cost of creating reports retrospectively 
becomes independent of the number of patients 
and years to be reviewed as well as to the num-
ber of reports one wishes to create. This cost-
savings alone is a tremendous advantage of the 
Death Master File over the National Death 
Index. It is also not possible to collect data pro-
spectively and give yearly “real-time” reports 
about mortality in a growing database using the 
National Death Index because of the 2-year 
delay in data collection. Therefore the report in 
2014 would contain data about mortality through 
2012. If one uses the Death Master File, one can 
give a yearly report on the mortality of the entire 
database, or for any particular procedure or 
patient population, within months of the end of 
the year. Once the matching program is created, 
the cost would be US$1,730.00 per year. 

 In the current environment, it is essen-
tial to link national death registries to larger 
multi- institutional databases for many reasons 
as outline elsewhere in this chapter. Linking 
the database to a death index like the Death 
Master File, that allows the Society of Thoracic 
Surgeons Database to use this powerful infor-
mation about mortality in any manner that is 
benefi cial to its patients and physicians, is essen-
tial. The fl exibility to create multiple reports 
on specifi c procedures, populations of patient, 
or of particular eras, with no additional cost, is 
extremely benefi cial. Yearly reports of mortality 
in a variety of different cohorts of patient and 
follow-up periods with no delay in time would 

be a tremendous service to our specialty. Also, 
the majority of data in The Society of Thoracic 
Surgeons database is after 1995 and consists of 
adults. Therefore, multiple reasons supported the 
decision to use the Social Security Death Master 
File as the primary index of death for the Society 
of Thoracic Surgeons. However, if there is a 
known cohort of patients that is easily identifi -
able and known to be grossly underrepresented 
in the Social Security Death Master File, such 
as the Society of Thoracic Surgeons Congenital 
Heart Surgery Database, one can consider using 
the National Death Index for that particular 
group. The importance of linking one’s registry 
to an accurate national registry of death should 
not be underestimated. When choosing an index 
of death with which to link, it is important to 
examine multiple factors in one’s own database 
including
•    its patient populations  
•   its eras of data collection  
•   its available “patient health information”, and  
•   its goals in regards to cost, reporting, and ser-

vices provided to members and perhaps 
payers.    
 The Society of Thoracic Surgery has reported 

successfully linking their database to Social 
Security Death Master File on different occa-
sions [ 1 ,  12 ]. One signifi cant limitation that 
came across is the under-reporting of social secu-
rity numbers by data participants and therefore 
inability to link it to the Social Security Death 
Master File. However, with various efforts by 
The Society of Thoracic Surgery over the recent 
years, more and more centers are reporting com-
pleted social security numbers data [ 12 ]. It is 
important to note that the methodology used by 
The Society of Thoracic Surgeons to harvest, 
analyze, and report these data is compliant with 
all federal regulations [ 13 ]. 

 Although herein the databases of The Society 
of Thoracic Surgeons are used as an example, the 
information gathered, and the processes used to 
determine the best combination of indices of 
death for this society, should be translatable and 
hopefully useful for other societies and registries 
who wish to empower their databases with long- 
term national data about mortality.   
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    Future Challenges 

 As mentioned earlier in this chapter, the Social 
Security Death Master File contains data from 
different federal and states sources. As of 
November 2011, Social Security Administration 
announced that death information from states 
cannot be disclosed except to federal benefi t- 
paying agencies [ 14 ]. Almost 40 % of the infor-
mation in Death Master File comes from states; 
therefore, Blackstone [ 14 ] concluded that “this 
renders the Social Security Death Master File 
useless for biomedical research”. Societies now 
have to explore legislative means to address this 
issue in order to be able to resuscitate this impor-
tant source of vital status. 

 Alternatively societies have to  investigate 
other reliable sources of death data. The Society 
of Thoracic Surgeons has already demonstrated 
using Centers of Medicare and Medicaid 
Services data for Medicare benefi ciaries can 
empower its database [ 15 ]. Similarly, the 
National Death Index data may be an alterna-
tive if some of the obstacles mentioned earlier 
in this chapter are resolved. Jacobs and col-
leagues proposed potential solutions to these 
problems with the National Death Index [ 1 ,  16 ]. 
These would include:
•    the National Death Index allowing medical 

societies to verify life status for a society’s 
healthcare operations;  

•   release the death data with a lag time of only 6 
months instead of previous lag time of 2 
years, and  

•   development of a less expensive, “bulk pur-
chasing” platform for routine use of its data by 
medical societies.    
 Professional medical and surgical societies 

with databases, especially surgical ones, should 
not underestimate the benefi t of empowering 
their data with long-term outcomes like re- 
admission, re-operation, and death. Only by 
ensuring there is accurate data that is weighted 
appropriately for factors that affect outcome, can 
physicians have the opportunity to be a partner 
with payers and governmental agencies, rather 
than a recipient of the changing environment of 
pay for performance. 

 Portions of this chapter are reprinted from the 
following source:
   Morales et al. [ 5 ] Copyright © 2008 Cambridge 

University Press. Reprinted with permission.        
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    Abstract  

  Due to recent advances in pediatric cardiovascular therapy, mortality rates 
for children with heart disease (HD) have decreased dramatically. Despite 
these advances, however, survivors suffer from morbidity resulting from 
their circulatory abnormalities and the medical and surgical therapies they 
have received. These morbidities signifi cantly impact the child’s neurode-
velopmental, psychosocial, and physical functioning and diminish their 
quality of life (QOL). As a result, outcome assessment focusing on QOL 
has become increasingly important in this high-risk population. QOL may 
be described as a child’s ability to function in situational contexts and 
derive personal satisfaction from doing so. This paper will delineate health 
measurement defi nitions including QOL and health-related QOL 
(HRQOL), identify inherent diffi culties in HRQOL measurement in the 
pediatric HD population, and discuss salient aspects of HRQOL instru-
ment evaluation. In addition, this manuscript will describe existing generic 
and disease-specifi c HRQOL measures that may be used to assess HRQOL 
in the pediatric HD population, what research on HRQOL in the pediatric 
HD population has shown, and the extent to which HRQOL evaluations 
are being fully utilized in clinical practice. A research and clinical agenda 
is proposed to harness the potential applications of HRQOL assessment. 
Finally, the relationship of quality of life, safety, and value will be dis-
cussed as well as the formation of a quality of life national database.  
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        Introduction 

 Ultimately, the goals of pediatric research and 
clinical care are to maximize health and mini-
mize symptomatology, disability, and dysfunc-
tion that may impact the lives of children with 
acute and chronic disease processes. Over the last 
several decades, new surgical techniques and 
advances in cardiopulmonary bypass, intensive 
care, interventional cardiac catheterization, non- 
invasive imaging, and medical therapies have 
signifi cantly lowered neonatal mortality rates for 
children with the most complex congenital heart 
disease (CHD) (e.g. hypoplastic left heart dis-
ease) to less than 10 % [ 1 ]. In addition, cardiac- 
related mortality in patients with congenital and 
acquired heart disease has diminished signifi -
cantly during the fi rst two decades of life [ 2 ,  3 ]. 
Although survival rates vary by disease complex-
ity, long-term survival (>20 years) rates for chil-
dren with HD are estimated to be 95 % for simple 
CHD, 90 % for moderate CHD, and 80 % for 
complex CHD in the current era [ 3 ]. 

 Despite these advances, however, survivors 
suffer from morbidity resulting from their circu-
latory abnormalities and the medical and surgical 
therapies they have received. These morbidities 
signifi cantly impact the child’s neurodevelop-
mental [ 4 – 6 ], psychosocial [ 7 – 9 ], and physical 

[ 10 – 12 ] functioning and diminish their QOL 
(Fig.  32.1 ). Given the high incidence of func-
tional impairment in the pediatric cardiac popu-
lation, there has been a paradigm shift in clinical 
research from short-term mortality prevention to 
long-term morbidity assessment. As a result, out-
come assessment focusing on QOL has become 
increasingly important in this high-risk 
population.

   QOL may be described as a child’s ability to 
function in situational contexts (family, school, 
and peer) and derive personal satisfaction from 
doing so [ 13 – 15 ]. The multidimensional con-
struct of QOL is thought to include three essen-
tial domains: physical health status and physical 
functioning; psychological status; and social 
functioning (Fig.  32.2 ) [ 13 – 15 ]. QOL measure-
ment provides a comprehensive description of an 
individual’s health, may result in the identifi ca-
tion of physical, functional, and psychosocial 
dysfunction, and is a critical component of the 
evaluation of long-term outcomes of chronic 
conditions and disease-specifi c therapies.

   This paper will delineate health measurement 
defi nitions including QOL and health-related 
QOL (HRQOL), identify inherent diffi culties in 
HRQOL measurement in the pediatric HD 
 population, and discuss salient aspects of 
HRQOL instrument evaluation. In addition, this 
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 manuscript will describe existing generic and 
disease- specifi c HRQOL measures that may be 
used to assess HRQOL in the pediatric HD popu-
lation, what research on HRQOL in the pediatric 
HD population has shown, and the extent to 
which HRQOL evaluations are being fully uti-
lized in clinical practice. Finally, a research and 
clinical agenda is proposed to harness the poten-
tial applications of HRQOL assessment.  

    Health Measurement Defi nitions: 
QOL and HRQOL 

 There are many ways to defi ne “health”. While 
the differences in meaning between various attri-
butes of health may be subtle, the differences are 
important and have signifi cant implications as to 
how clinical and research data is interpreted and 
fi ndings incorporated into how we care for chil-
dren with chronic disease.  Health  has been 
defi ned by the World Health Organization as “a 
state of complete physical, mental, and social 
well-being and not merely the absence of disease 
or infi rmity” [ 16 ]. Indeed it was this initial defi ni-
tion of health that gave rise to the concept of 
QOL.  Health status , which impacts QOL, may be 
thought of as a child’s level of wellness versus 

illness, describing the impact of physiologic 
 dysfunction, symptom burden, and/or level of ill-
ness control. Alternatively,  functional status  is 
defi ned as an individual’s ability to perform 
activities of daily living, meet basic needs, fulfi ll 
roles, and maintain health and well-being within 
the context of various life situations [ 17 ]. 
Functional status is often affected by health sta-
tus and has a signifi cant impact on QOL. However, 
it is HRQOL, a more specifi c description of 
QOL, which is the most relevant construct rela-
tive to clinical and research data assessing out-
comes and the provision of comprehensive 
clinical care of children and adolescents with 
chronic illness or injury [ 18 ].  HRQOL  is defi ned 
as the infl uence of a specifi c illness, medical ther-
apy, or health services policy on the ability of the 
patient to both function in and derive personal 
satisfaction from various physical, psychologi-
cal, and social life contexts [ 19 ]. For the purposes 
of this manuscript all references to QOL hereaf-
ter are referring specifi cally to HRQOL. 

 Evaluating HRQOL is important because it 
allows for: better communication among patients, 
parents, and healthcare providers; prioritization 
of problems based partially on patient and/or par-
ent preference; the monitoring of changes over 
time or in response to a specifi c therapy; and 
screening for other signifi cant physical and psy-
chosocial problems [ 20 ]. HRQOL measurement 
has emerged as a high priority not only for 
patients and their families, and medical caregiv-
ers, but also for the National Institutes of Health 
(NIH), Food and Drug Administration (FDA), 
and insurance providers [ 21 ]. The NIH’s Patient- 
Reported Outcomes Measurement Information 
System, part of the NIH Roadmap, is a multi- 
million dollar effort devoted in part to improving 
HRQOL [ 22 – 27 ]. The FDA recognized the 
importance of such patient reported outcomes by 
issuing guidance to industry on the use of such 
outcomes in clinical trials in support of medical 
product claims [ 28 ]. A better understanding of 
the perceptions of HRQOL among patients with 
HD, and their parents and healthcare providers 
may improve treatment and patient outcome [ 29 , 
 30 ], and the ability to perform important prospec-
tive cross-sectional, cohort, and randomized 
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and physical functioning 
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  Fig. 32.2    Defi nition of QOL       
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 clinical trials to improve patient outcome. Despite 
the known advantages, assessment of HRQOL in 
the pediatric cardiac population is lacking. 

 Measurement of HRQOL in patients with 
congenital and acquired HD has been limited 
over the last 25 years. Moons et al. noted that 
only 1 in 70 outcomes studies published between 
1980 and 2003 that purported to assess HRQOL 
in pediatric cardiac patients actually measured 
the patients’ perceived HRQOL [ 31 ]. In addition, 
more than half of the 70 articles did not meet any 
of the ten critical appraisal criteria for HRQOL 
research studies advocated by Gill and Feinstein 
in  JAMA  in 1994 [ 32 ]. The lack of rigorous 
research on HRQOL in the pediatric HD popula-
tion is not surprising given the inherent diffi cul-
ties of measuring HRQOL in this population.  

    Inherent Diffi culties of HRQOL 
Evaluation in the Pediatric HD 
Population 

 HRQOL assessment in the pediatric population is 
challenging due to the wide age range and the 
changing developmental capabilities of the patients 
as they age. HRQOL assessment in the pediatric 
cardiac population is further complicated by the 
variety of congenital and acquired diseases, vary-
ing levels of severity, the array of therapeutic 
modalities that may be utilized to treat the patient 
(medical, surgical, and interventional), and the 
spectrum of outcomes. Similar to other pediatric 
chronic diseases, there may be variation in the per-
ceived impact of HD on HRQOL, as many of the 
patients have always had HD (congenital HD) 
while others have been diagnosed with HD at an 
age when they were aware of the acute change in 
their health status (acquired HD). 

 Patient-family interactions are critical in QOL 
assessment, and the role of proxy-reporting (par-
ent/guardian) and cross informant variance is 
often debated [ 33 ]. It has been extensively docu-
mented that HRQOL measurement in children 
with chronic health conditions and healthy 
 children provided by proxy-respondents is not 
equivalent to that reported by the child [ 34 ,  35 ]. 
These fi ndings indicate that proxy-reports cannot 
be substituted for child self-reports [ 36 ] and 

 evaluations of pediatric cardiac patients’ perspec-
tives regarding treatment outcomes should be 
included in pediatric clinical care and clinical tri-
als given the documented differences between 
child and proxy-reports. While pediatric patient 
self-report should be considered the standard for 
measuring patient perceived HRQOL [ 37 ], there 
may be situations when the child is too young, 
too cognitively impaired, or too ill to complete an 
HRQOL instrument, and proxy-reporting may be 
required. Further, it is typically parents’ percep-
tions of their child’s HRQOL that infl uences 
health care use [ 38 ,  39 ]. Ideally, parent and child 
QOL instruments should be chosen that measure 
the perspectives of both the child and proxy-
reporter with the same constructs and parallel 
items to make comparisons between self and 
proxy- reports more informative and useful [ 40 ]. 
As noted by Moons et al. [ 31 ] most research stud-
ies assessing HRQOL in children with HD have 
only assessed proxy-reporters (parents/guard-
ians) and ignored the HRQOL perceptions of the 
child. Studies of the cognitive development in 
children, psychometric studies on pediatric QOL 
measures that have included child self- reporting, 
and cognitive interviewing studies on children’s 
abilities to respond to questionnaires indicate that 
self- reports from children over 7 years of age are 
reliable and valid [ 41 ]. Both patients and their 
parents provide important information, even 
though they may vary or even disagree signifi -
cantly with one another. It may be that under-
standing the differences in perception of HRQOL 
between patients, their parent/guardians, and 
medical caregivers may be more important and 
informative than perceived agreement [ 30 ]. 

 In addition to assessment issues related to the 
pediatric population in general and the pediatric 
HD population specifi cally, issues related to cul-
tural and demographic variables (culture, race, 
ethnicity, income) affects HRQOL assessment in 
both pediatric and adult respondents. Culture, 
race, ethnicity, and income have critical infl u-
ences on HRQOL measurement relative to the 
values that are attributed to various health states 
by children and their parents, the language in 
which health is described by children and their 
families, and the perceived functional impact of 
symptoms and changes in health states [ 42 ].  
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    HRQOL Instrument Evaluation 

 When measuring HRQOL it is important to be 
clear on whether the goal of the application is to 
assess HRQOL or functional status or both. 
These measures of health are distinct constructs 
and are often confused with each other; note prior 
defi nitions. When assessing either HRQOL or 

functional status for research and clinical appli-
cation, specifi c aspects of instrument selection 
(Tables  32.1  and  32.2 ), validation (Table  32.3 ), 
and availability (Table  32.4 ) must be considered.

      When selecting an instrument it is important 
to note the instrument type, the specifi c construct 
that will be assessed, desired respondent type(s), 
patient and proxy-reporter age range(s), and the 

     Table 32.1    Instrument selection: constructs, respondent types, and domains   

 Instrument type  Instrument 
 Construct 
measured  Respondent type 

 Age range 
(years)  Domain(s) 

 Generic  CHQ [ 43 ]  Functional Status  Self-report  10–18  Physical functioning 
 Proxy report a   5–18  Role/social emotional 

 Role/social behavioral 
 Role/social-physical 
 Bodily pain 
 General behavior 
 Mental health 
 Self-esteem 
 General health 
perceptions 
 Change in health 
 Family activities 
 Family cohesiveness 
 Parental impact-time 
 Parental 
impact-emotional b  

 PedsQL 4.0 
General Core 
Scales [ 33 ] 

 HRQOL  Self-report  5–7, 8–12, 
13–18, 
19–25 

 Physical 

 Proxy report  2–4, 5–7, 
8–12, 
13–18 

 Emotional 
 Social 
 School c  

 Disease-Specifi c 
(CHD) 

 CHAT [ 47 ]  HRQOL  Self-report  11–18  Physical symptoms 
 Physical limitations 
 Limitations of physical 
education at school 
 Social limitations 
 External pressures 
 Concerns (general, 
social, educational, 
physical, total) 

 ConQol [ 48 ]  HRQOL  Self-report  8–11, 
12–16 

 Symptoms 
 Activities 
 Relationships 
 Coping and control d  

 CHD-TAAQOL 
[ 45 ] 

 HRQOL  Self-report  17–32  Symptoms 
 Impact cardiac 
surveillance 
 Worries 

(continued)
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domains to be assessed (Table  32.1 ). When 
selecting a specifi c form from within an instru-
ment grouping, the number of items in the tool 
and the average completion time should be con-
sidered as it may impact the feasibility of com-
pleting the research project or clinical application 
(Table  32.2 ). 

 Both generic and disease-specifi c instruments 
exist that may be used to measure HRQOL or 
functional status in the pediatric HD population 
[ 43 – 49 ]. Whether generic or disease-specifi c, the 
“ideal” QOL measure will have a patient self- 
reporting mechanism with parent/guardian proxy-
reporting, wide age range, will be easily 
self-administered in a reasonable timeframe, and 
have an array of relevant constructs to describe 
and measure HRQOL or functional status. 
Generic HRQOL or functional status measures 
assess these constructs in both healthy children 
and in children with chronic disease. They may be 

used to compare various chronic disease groups 
or chronic disease groups and healthy controls. 
Disease specifi c instruments assess HRQOL in a 
particular condition or disease, and may be more 
comprehensive for a specifi c disease, and a better 
discriminator of differences between sub-groups 
within a disease category. Disease-specifi c pediat-
ric cardiac HRQOL instruments may provide 
new, critical information on the outcome of pres-
ent and future interventional catheterization and 
cardiac surgical procedures in the short and long 
term and may be utilized for randomized clinical 
trials for cardiovascular drugs and new technolo-
gies and interventions. In addition, a disease-spe-
cifi c pediatric cardiac HRQOL instrument may 
defi ne changes in HRQOL over time (evaluative 
tool), predict future changes in HRQOL (prog-
nostic tool), and signal new problems or issues 
that might not be noted by traditional biologic 
markers (diagnostic tool). 

Table 32.1 (continued)

 Instrument type  Instrument 
 Construct 
measured  Respondent type 

 Age range 
(years)  Domain(s) 

 Disease-Specifi c 
(HD) 

 PCQLI [ 49 ]  HRQOL  Self-report  8–12, 
13–18 

 Disease impact (physical) 

 Proxy report  8–12, 
13–18 

 Psychosocial impact 

 PedsQL 3.0  HRQOL  Self-report  5–7 e , 8–12, 
13–18 

 Heart problems 
(symptoms) 

 Cardiac Module 
[ 46 ] 

 Proxy report  2–4, 5–7, 
8–12, 
13–18 

 Treatment (barriers) 
 Perceived physical 
appearance 
 Treatment anxiety 
 Cognitive problems 
 Communication 

  Key:  CHAT , Congenital Heart Adolescent and Teenage questionnaire,  CHD  Congenital heart disease,  CHQ  Child 
Health Questionnaire,  HD  heart disease,  PCQLI  Pediatric Cardiac Quality of Life Inventory,  PedsQL  Pediatric Quality 
of Life Inventory 4.0 Generic Core Scales 
  a Proxy reports are for parents, guardians or primary home care providers of patients 
  b The CHQ domain lists include both those for the patient and proxy reporter. Domain differences between patient and 
proxy report forms include: the Parental Impact-Time and Parental Impact-Emotional domains may only be found in 
the proxy form; the domains Role/Social-Emotional and Role/Social-Behavioral from the self report form are combined 
into one domain, Role/Social Emotional/Behavior in the proxy form; the listed domains except for Change in Health, 
Family Activities, and Family Cohesiveness create the Physical and Psychosocial summary scores for the Proxy Report 
Forms (CHQ-PF50 and CHQ-PF28) only 
  c The Physical domain makes up the Physical Health Summary Score, while the Emotional, Social, and School domains 
make up the Psychosocial Summary Score 
  d For adolescents 12–16 years old only 
  e Reliability of the PedsQL 3.0 Cardiac Module Young Child self-report Form for ages 5–7 years has not been estab-
lished (ranged from 0.35 to 0.83)  
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 Assessing prior validation data on a given 
HRQOL or functional status instrument is central 
to the instrument evaluation process (Table  32.3 ). 
When assessing validation of a given instrument, 
four specifi c questions relative to the psychomet-
ric properties of the instrument should be asked: 
(1) Has the instrument been shown to be  reliable  
in the patient population being studied?; (2) Has 
the instrument been shown to be  internally valid  
in the patient population being studied?; (3) Has 

the instrument been shown to be  externally valid  
in the patient population to be studied?; (4) If the 
study is assessing change over time or the impact 
of an intervention, has the instrument been shown 
to be  responsive  in the patient population to be 
studied? 

 All psychometric instruments must be shown 
to be reliable before validity and responsiveness 
may be considered [ 50 ]. An “unreliable instru-
ment” cannot be deemed valid or responsive. 

     Table 32.2    Instrument selection: forms   

 Instrument type  Instrument  Name 
 Respondent type/age 
range (years)  Items (#) 

 Completion time 
(min) 

 Generic  CHQ  CHQ-CF87  Child/Adolescent (10–18)  87  25 
 CHQ-PF50  Parent Proxy (5–18)  50  15 
 CHQ-PF28  Parent Proxy (5–18)  28  10 

 PedsQL 4.0 
General Core 
Scales 

 Young Child Report  Young Child (5–7)  23  10 
 Child Report  Child (8–12) 
 Teen Report  Teen (13–18) 
 Young Adult Report  Young Adult (19–25) 
 Parent of Toddler 
Report 

 Parent Proxy (2–4)  23  10 

 Parent of Young 
Child Report 

 Parent Proxy (5–7) 

 Parent of Child 
Report 

 Parent Proxy (8–12) 

 Parent of Teen Report  Parent Proxy (13–18) 
 Disease- 
Specifi c (CHD) 

 CHAT  CHAT Questionnaire  Adolescent (11–18)  53  20–30 
 ConQol  ConQol 8–11  Child (8–11)  29  10 

 ConQol 12–16  Adolescent (12–16)  35  10 
 CHD-TAAQOL  CHD-TAAQOL 

Questionnaire 
 Young Adult (17–32)  26  10 

 Disease- 
Specifi c (HD) 

 PCQLI  Child Form  Child (8–12)  24  10 
 Adolescent Form  Adolescent (13–18)  30  10 
 Parent of Child Form  Parent Proxy (8–12)  24  10 
 Parent of Adolescent 
Form 

 Parent Proxy (13–18)  30  10 

 PedsQL 3.0  Young Child Report  Young Child (5–7)  27  10 
 Cardiac Module  Child Report  Child (8–12) 

 Adolescent Report  Adolescent (13–18) 
 Parent of Toddler 
Report 

 Parent Proxy (2–4)  27  10 

 Parent of Young 
Child Report 

 Parent Proxy (5–7) 

 Parent of Child 
Report 

 Parent Proxy (8–12) 

 Parent of Teen Report  Parent Proxy (13–18) 

  Key:  CHAT  Congenital Heart Adolescent and Teenage questionnaire,  CHQ  Child Health Questionnaire,  PCQLI  
Pediatric Cardiac Quality of Life Inventory,  PedsQL  Pediatric Quality of Life Inventory 4.0,  UK  United Kingdom, 
 USA  United States of America  
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Demonstrating reliability involves assessing score 
“reproducibility” through internal consistency 
measurement (Cronbach α) and comparing scores 
on the same patient at two distinct points in time 
with an appropriate interval between them to min-
imize recall bias (test-retest reliability). Validity 
testing of a psychometric scale is an ongoing, 
evidence-based process that assesses the degree 
of confi dence one should have in inferences made 
about a test-taker based on their score. Assessing 
validity is often divided into the domains of 
“internal” and “external” construct validity [ 51 –
 53 ]. “Internal validity” [ 50 – 52 ,  54 ] may be 
thought of as an assessment of content validity 
and structural validity that includes: assessment 
of the theoretical conceptualization of the respec-
tive instrument; the clarity, relevance, and repre-
sentativeness of the item content; and tool 
construction. In contrast, establishing “external 
validity” requires demonstrating convergent and 
discriminant construct validity and “generaliz-
ability” [ 51 ,  52 ,  55 ]. “Generalizability” may be 
defi ned as the ability of a tool to provide valid and 
reliable information when utilized in different 
geographic regions and patient populations [ 52 ]. 
Generalizable tools allow researchers to have con-
fi dence that data collected from multiple sites and 
regions are comparable. Substantiation of the 
“generalizability” part of external validity enables 

a HRQOL instrument to be used for clinical appli-
cations and multi-center research that may serve 
as a platform for future multi-site cross-sectional 
and prospective studies using HRQOL as an out-
come. Responsiveness describes the ability of the 
HRQOL or functional status instrument to be sen-
sitive to change in score after intervention or if 
there is meaningful change in score over time 
[ 50 ]. Having a responsive instrument allows the 
investigator to note differences in HRQOL based 
on a specifi c intervention or treatment strategy, 
which is critical to assessing all potential inter-
ventions in a given disease population. In addition 
a responsive tool will allow the clinician or 
researcher to see changes in HRQOL over time as 
a patient’s health status or functional status wors-
ens. Having a responsive instrument is critical to 
any interventional agenda or follow-up program 
for any given chronic disease population.  

    Existing Generic and Disease- Specifi c 
HRQOL Measures That May Be Used 
to Assess HRQOL in the Pediatric 
HD Population 

 Both the PedsQL 4.0 Cores scales, a generic 
HRQOL measure, and the Child Health 
Questionnaire (CHQ), a generic functional status 

     Table 32.4    Instrument availability: authorization, cost, and languages   

 Instrument type  Instrument  Authorization  Cost  Language(s) 

 Generic  CHQ  Licensure  Licensing fee  English (USA) a  
 PedsQL 4.0 General 
Core Scales 

 User Agreement  None/Licensing Fee  English (USA) b  

 Disease-Specifi c 
(CHD) 

 CHAT  None Required  None Required  English 
 ConQol  None Required  None  English (UK) 
 CHD-TAAQOL  NA  NA  English, Dutch 

 Disease-Specifi c 
(HD) 

 PCQLI  User Agreement  None  English (USA, 
UK) 

 PedsQL 3.0  User Agreement  None/Licensing Fee  English (USA) 
 Cardiac Module 

  Key:  CHAT  Congenital Heart Adolescent and Teenage questionnaire,  CHQ  Child Health Questionnaire,  NA  informa-
tion not available,  PCQLI  Pediatric Cardiac Quality of Life Inventory,  PedsQL  Pediatric Quality of Life Inventory 4.0, 
 UK  United Kingdom,  USA  United States of America 
  a The CHQ has been translated in multiple languages. Only the original is listed here for clarity. Please see   www.
healthact.com     for an exhaustive list 
  b The PedsQL has been translated and validated in multiple languages and countries. Only the original is listed here for 
clarity. Please see   www.pedsql.org     for an exhaustive list  
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measure, have patient and proxy-reporting, wide 
age range, and may be administered in a reason-
able timeframe. In addition, these commercially 
available tools have been shown to be reliable 
and internally and externally valid, and respon-
sive in the United States and many other coun-
tries after language translation (Tables  32.1 ,  32.2 , 
 32.3 , and  32.4 ) [ 43 ,  44 ]. Five disease-specifi c 
pediatric cardiac HRQOL instruments have been 
previously described [ 45 – 49 ]. The Congenital 
Heart Disease-TNO/AZL Adult QOL (CHD- 
TAAQOL) questionnaire is a disease specifi c 
instrument that assesses HRQOL in young adults 
with CHD [ 45 ]. The PedsQL 3.0 Cardiac Module 
[ 46 ], Congenital Heart Adolescent and Teenager 
Questionnaire (CHAT) [ 47 ], ConQol [ 48 ], and 
Pediatric Cardiac Quality of Life Inventory 
(PCQLI) [ 49 ] measure HRQOL in the pediatric 
cardiac population. Instrument availability (form 
specifi c authorization requirements, user costs, 
and available language translations) are shown in 
Table  32.4 . The PedsQL 3.0 Cardiac Module 
[ 46 ], created and validated by Uzark et al. at a 
single site, was a critical and important step for-
ward in the objective assessment of HRQOL in 
children with HD. The PedsQL 3.0 Cardiac 
Module has been shown to be reliable, internally 
and externally valid. The 27-item PedsQL 
Cardiac Module encompasses 6 Scales: Heart 
Problems and Treatment; Treatment II, Perceived 
Physical Appearance, Treatment Anxiety, 
Cognitive Problems, and Communication [ 46 , 
 56 ]. The PedsQL 3.0 Cardiac Module has not yet 
been shown to be generalizable to other geo-
graphic regions or demographic populations in 
the United States. The CHAT and ConQol ques-
tionnaires have important limitations that include: 
intended for use in HD patients with CHD only 
[ 47 ,  48 ]; narrow age range [ 47 ,  48 ]; lack of par-
ent proxy reporting [ 48 ]; no generalizability data 
to support broad applicability to other geographic 
regions or demographics within the United States 
[ 47 ,  48 ], and/or an inadequate ability to discrimi-
nate among various types of cardiovascular dis-
ease across a wide age range [ 48 ]. The PCQLI is 
the most recently published disease specifi c 
instrument. Similar to the PedsQL 3.0 Cardiac 

Module, it has a patient self-reporting  mechanism 
with parent/guardian proxy reporting, wide age 
range, is easily self-administered in a reasonable 
time-frame, and has an array of relevant con-
structs to describe and measure HRQOL in the 
pediatric HD population. The PCQLI is the only 
disease-specifi c measure that has been tested in a 
multi-center trial and shown to be reliable, valid, 
 and  generalizable in the United States [ 57 ,  58 ]. 
The ConQol and PedsQL 3.0 Cardiac Module 
can distinguish among disease severity subgroups 
but only within select subsets of a study popula-
tion (age, respondent type) [ 46 ,  48 ]. In contrast, 
PCQLI Total and subscale scores (Disease Impact 
and Psychosocial Impact) differentiate between 
congenital HD severity subgroups irrespective of 
age category, score examined or respondent type 
[ 40 ]. From a research perspective, this is an 
important development that will facilitate cross- 
sectional and prospective studies of HRQOL in 
clinically important subgroups in the pediatric 
HD population. It is important to note that none 
of the fi ve disease specifi c instruments have been 
shown to be responsive in the United States. 

 In summary, whether selecting a measurement 
tool for research or clinical application it is critical 
to defi ne the specifi c hypothesis or what clinical 
information is desired and then match the hypoth-
esis/clinical data requirement to potential instru-
ments based on the constructs assessed in the 
specifi c instrument, the proposed respondents, and 
the feasibility of utilization. It is important to use 
age-appropriate measures that refl ect the maturity 
and the cognitive development of the desired 
respondents. It is vital that the instrument being 
considered for measurement be reliable, valid, and 
responsive in the patient population being consid-
ered. The instrument needs to have been shown to 
be responsive if assessing for change in score over 
time or after intervention in the population being 
studied. Collect data from both patient  and  parent/
guardian-proxy  respondents to identify the full 
HRQOL impact on the patient, parent, and family. 
Use both a disease- specifi c and generic measure, 
to allow for discrimination between sub-groups 
and comparison with other chronic disease groups 
and/or healthy children.  

B.S. Marino and J.B. Anderson
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    Research on HRQOL in Pediatric 
Patients with HD: What Is Known 

    HRQOL Studies in the General CHD 
Population 

 Most early outcome studies in patients with CHD 
described mortality and morbidity or health sta-
tus, including anatomic or hemodynamic out-
come, electrophysiologic sequelae, and/or 
exercise capacity following surgical interven-
tions or included “quality of life” parameters 
such as marital status, number of offspring, 
employment status, or educational attainment in 
adults with CHD [ 59 ]. More recent studies have 
recognized the multidimensional nature of 
HRQOL and have included not only physical 
health status and physical functioning, but also 
psychological status and social functioning. 
Unfortunately, there are only a few studies that 
have evaluated the patient’s self-perceptions of 
HRQOL. 

    Health Status and Functional Status 
in the HD Population 
 In children with CHD as young as 1–3 years, 
Limperopoulos et al. reported a high incidence of 
functional limitations including diffi culties in 
socialization skills [ 11 ]. Walker et al. evaluated 
functional status in children attending a cardiol-
ogy clinic, utilizing the Child Health 
Questionnaire (CHQ PF-50) to describe the 
physical and psychosocial health status by 
parent- proxy report [ 60 ]. The sample of children 
seen in the outpatient cardiology clinic were 
reported to have worse scores for physical func-
tion, general health perception, assessment of 
family activities, and parental emotional impact, 
as well as more anxiety problems and learning 
problems. Majnemer et al. [ 61 ] used the CHQ 
PF-50 as well as the Child Behavior Checklist 
and the Parenting Stress Index in describing well- 
being in children 5 years of age following open- 
heart surgery in infancy. Mean scores on the 
CHQ were in the normal range, however parents 
more often reported problems related to anxiety, 
attention, developmental delays, and learning. 

The child’s psychosocial health status was 
 signifi cantly correlated with parental stress. Both 
of the later studies acknowledge parental 
responses are likely infl uenced by their hopes and 
expectations for their child and how well they are 
coping as a family. This is consistent with one of 
the earliest studies of the emotional adjustment 
of children with CHD by DeMaso and colleagues 
[ 62 ] who reported that approximately 33 % of the 
variability in the child’s adjustment was 
accounted for by maternal perceptions, while the 
medical severity accounted for less than 3 % of 
the variability.  

    HRQOL in the HD Population 
 Self-reported HRQOL related to physical health, 
psychosocial health, social functioning, and school 
functioning for children with CHD is reduced 
compared to healthy children [ 56 ,  57 ,  63 ,  64 ]. 
Mussatto and colleagues [ 64 ] found that the great-
est negative impact on HRQOL was reported in 
the areas of social and educational functioning, 
despite the perception that CHD primarily has 
physical effects. In a large single- center study of 
HRQOL in children with HD, Uzark et al. evalu-
ated both parent-proxy and self- reported percep-
tions utilizing the PedsQL 4.0 Core scales [ 56 ] As 
perceived by parents, worse physical and psycho-
social HRQOL is related to the severity of 
HD. While most children with HD reported good 
overall HRQOL, 20 % of the children with HD 
reported signifi cantly impaired psychosocial 
HRQOL, including children with mild or repaired 
HD. A recent systematic review of studies assess-
ing psychological adjustment and HRQOL in chil-
dren and adolescents following open-heart surgery 
for CHD [ 63 ] concluded that studies on self-
reported psychological adjustment indicate a good 
outcome, however, a considerable proportion of 
children experienced psychological maladjust-
ment according to their parents which was related 
to severity of CHD and developmental delay. 

 The largest multi-center study assessing 
HRQOL in the United States utilizing a reliable, 
valid, and generalizable disease-specifi c HRQOL 
measure including both child and  adolescent 
 self- report and parent/guardian proxy-report was 
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performed by Marino et al. in the PCQLI Validation 
Study [ 40 ]. In this study 1,605 patient parent pairs 
(3,210 total respondents) participated from seven 
geographically diverse centers in the United 
States. In this study HD patients with both CHD 
(68 % of the cohort) and acquired HD (32 % of the 
cohort) were included. This study showed that 
lower patient and parent-reported HRQOL scores 
were associated with higher disease severity and 
increased medical care utilization, poorer patient 
self-perception and competency, and increased 
behavioral and emotional problems in the pediat-
ric HD population. PCQLI scores (Total, Disease 
Impact, and Psychosocial Impact) differed signifi -
cantly among disease severity subgroups (mild 
CHD, biventricular CHD s/p surgical repair or pal-
liation, and single ventricle CHD s/p Fontan com-
pletion). Mild CHD was defi ned as CHD that had 
not required surgical or catheter-based interven-
tion. Furthermore, patients in the repaired biven-
tricular subgroup had signifi cantly lower PCQLI 
Total and subscale scores than patients in the mild 
subgroup, and patients in the palliated single- 
ventricle subgroup had signifi cantly lower PCQLI 
Total and subscales scores than patients in both the 
repaired biventricular and mild CHD subgroups. 
These results were reproducible across all age cat-
egories and respondent types and are consistent 
with widespread clinical observations that 
increased disease severity is associated with a 
lower HRQOL. Increased number of cardiac sur-
geries, cardiac-related hospital admissions, and 
doctor visits in the last 12 months were associated 
with lower PCQLI Total score. These results were 
consistent across all four forms (Child Form, 
Parent of Child Form, Adolescent Form, and 
Parent of Adolescent Form). Worse PCQLI Total 
score was signifi cantly correlated with lower 
Global Self-Worth score on the Self Perception 

Profi le for Children and Adolescents for both age 
groups. A statistically signifi cant positive correla-
tion was noted between the PCQLI Total score and 
Achenbach (Youth Self Report and Child Behavior 
Checklist) Total Competency score, and statisti-
cally signifi cant inverse correlations existed 
between PCQLI Total score and both the 
Achenbach Internalizing Problems summary scale 
score and DSM-IV Oriented Scale scores 
(Affective Disorder, Anxiety Disorder, Somatic 
Disorder, Attention Defi cit Hyperactivity 
Disorder) for all groups [ 40 ]. 

 Interestingly, there was signifi cant variation 
noted in the specifi c diagnosis and procedural 
groups (Table  32.5 ) for acyanotic two-ventricle 
(e.g. aortic stenosis), cyanotic two-ventricle (e.g. 
tetralogy of Fallot) and the palliated single ven-
tricle Fontan populations [ 40 ]. While each spe-
cifi c population group segregated into a particular 
HRQOL score range (aortic stenosis – 80s; tetral-
ogy of Fallot – 70s; and Fontan – 60s) based on 
the underlying disease severity and the medical, 
catheter-based, and surgical therapy required, 
there were complex single ventricle Fontan 
patients that had HRQOL scores as high as aortic 
stenosis patients who had not undergone inter-
vention and aortic stenosis patients who had 
undergone intervention who had HRQOL scores 
that were worse than the typical Fontan. This data 
suggests that there are resilience and depressant 
factors that increase or decrease each individual 
patient’s arc of HRQOL over time (Fig.  32.3 ). 
Understanding broad resilience and depressant 
factors across the entire HD population and/or 
resilience and depressant factors important for 
specifi c diagnosis or procedural groups will cre-
ate opportunities to prevent the development of 
lower HRQOL or treat HD patients with lower 
HRQOL to improve it.

   Table 32.5    Variation in 
HRQOL within CHD 
subgroups   

 PCQLI median total score (range) 

 Child  Parent of child  Adolescent  Parent of adolescent 

 AS 
 (n = 75) 

 86.2 
 (51.9, 100) 

 86.8 
 (54.1, 100) 

 89.5 
 (65.1, 97.8) 

 85.2 
 (40.8, 99.3) 

 TOF 
 (n = 125) 

 75.6 
 (48.7, 100) 

 78.6 
 (43.5, 100) 

 79.6 
 (39.6, 99.3) 

 78.7 
 (33.5, 100) 

 Fontan 
 (n = 219) 

 64.4 
 (32.2, 99.1) 

 66.1 
 (30.7, 100) 

 70.5 
 (39.6, 100) 

 69.7 
 (26.0, 98.5) 

B.S. Marino and J.B. Anderson
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         HRQOL Studies in Specifi c 
HD Subgroups 

 HRQOL and functional status has also been stud-
ied in some specifi c patient subgroups with 
HD. In children with transposition of the great 
arteries (TGA), Culbert and colleagues from the 
Congenital Heart Surgeons Society [ 65 ] assessed 
functional status using the CHQ-CF87 completed 
by 306 children 11–15 years after TGA repair. 
Health status was perceived as excellent when 
compared with published normative data and was 
better after arterial switch operation (ASO) than 
after atrial switch operation. Dunbar-Masterson 
and colleagues [ 66 ] who used the parent version 
of the CHQ also found that at 8 years of age, chil-
dren after the ASO had an overall physical and 
psychosocial health status similar to that of the 
general population. It was also noted that lower 
IQ and academic achievement was associated 
with worse psychosocial health status. Hovels- 
Gurich and associates [ 67 ] reported that children 
with TGA who had undergone neonatal ASO had 
parent-reported behavioral impairment at age 
8–14 years with normal self-reported HRQOL. 

 Brosig and colleagues [ 68 ] compared psycho-
social outcomes between preschool-aged survi-
vors who underwent ASO for TGA and Fontan 
palliation for hypoplastic left heart syndrome 
(HLHS). By parent report, HRQOL scores in 
both CHD subgroups did not differ from healthy 
controls. Parents of children with HLHS reported 
more negative impact of the child’s illness on the 
family and more parenting stress than parents of 
children with TGA, and children with HLHS had 

higher rates of inattention and externalizing 
behavior problems than children with TGA. In a 
large study of Fontan survivors [ 69 ] 6–18 years 
of age, parents reported CHQ functional status 
summary scores were signifi cantly lower than the 
U.S. population for Physical Functioning and 
Psychosocial Functioning. Parent-reported 
patient conditions, including behavior, learning, 
anxiety, attention problems and depression 
explained the greatest amount of variation in the 
Psychosocial Functioning scores. 

 In a study by DeMaso et al, HRQOL has been 
assessed in children and adolescents with 
implantable cardioverter-defi brillators [ 70 ]. 
While the parent-reported psychosocial summary 
scores for children with defi brillators were not 
signifi cantly different from the normative U.S. 
sample, the domains of social emotional behav-
ioral roles, self-esteem, and the emotional impact 
of their child’s health on themselves were all sig-
nifi cantly lower than the normative sample. A 
recent multi-center study by Czosek and col-
leagues compared HRQOL scores between pedi-
atric device patients and healthy controls, and 
determined the key drivers of HRQOL in pediat-
ric device patients [ 71 ]. The study included 173 
patient-parent pairs [40 implantable cardiac defi -
brillators (ICD)/133 pacemaker; 50 % CHD; 
50 % male; median age 13 (8–18) years]. 
Compared to healthy controls, both patients and 
parents reported signifi cantly lower PedsQL 
Total scores. ICD patients had signifi cantly lower 
PCQLI Total scores than pacemaker patients. 
CHD patients had signifi cantly lower PCQLI 
Total score than non-CHD patients. The key driv-
ers of patient HRQOL were presence of ICD, 
CHD, and worse self-perception. For parent 
proxy-reporters, patient HRQOL was driven by 
internalizing behavioral problems (anxiety, 
depression, and somatization). Interestingly, 
activity restrictions and device complications did 
not impact HRQOL. Whether these factors can 
be mitigated through the use of psychological 
interventions needs to be assessed. 

 Finally, in the pediatric heart transplant popu-
lation, using the Children’s Global Assessment 
Scale, 27 % of children 6.1–12.9 years after 
transplant had emotional adjustment diffi culties 
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  Fig. 32.3    Patient Independent ARC of HRQOL: resi-
lence vs. depressant factors       
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[ 72 ] and there was a signifi cant correlation 
between emotional adjustment and family func-
tioning. Wray and colleagues also found that a 
signifi cant number of pediatric heart transplant 
recipients (>33 %) had increased behavior prob-
lems and diminished social competence, espe-
cially in children with a pre-transplant diagnosis 
of CHD in comparison to children with cardio-
myopathy pre-transplant [ 73 ].  

    Predictors of HRQOL in the Pediatric 
HD Population 

    Neurodevelopmental Predictors 
of HRQOL in the Pediatric HD Population 
 Few studies have investigated the impact of neu-
rodevelopmental outcome on HRQOL in the 
pediatric CHD population. For children with 
d-TGA, Dunbar-Masterson et al. found that lower 
full-scale IQ (intelligence) and lower performance 
in reading and math (academic achievement) 
were associated with lower parent-reported psy-
chosocial HRQOL scores at 8 years of age [ 66 ]. 
Williams et al. found that children with Fontan 
palliation for hypoplastic left heart syndrome dis-
played signifi cant delays in communication and 
motor skills and lower parent-reported psychoso-
cial HRQOL scores [ 74 ]. Of note, both of these 
studies used a generic QOL instrument to mea-
sure psychosocial QOL, which may not be as sen-
sitive or accurate as a disease-specifi c instrument 
[ 75 ]. In addition, neither study measured patient-
perceived HRQOL nor specifi cally assessed the 
association between neuropsychological impair-
ments and patient-perceived HRQOL. Parent-
reported and self-reported HRQOL are both 
important as perception of HRQOL differs 
between patients and parents [ 30 ,  56 ]. 

 The cardiac-specifi c module of the PedsQL 
includes a cognitive problems subscale and a com-
munication subscale [ 44 ,  46 ]. Using the PedsQL 
cardiac-specifi c module, Uzark and colleagues 
found that children with severe cardiovascular dis-
ease have lower parent-reported and self-reported 
HRQOL scores on the cognitive problems sub-
scale and lower parent-reported HRQOL scores on 
the communications subscale than children with 
less severe cardiovascular disease [ 56 ]. Recently, 

Marino et al. demonstrated that worse executive 
functioning, gross motor ability, and mood (pres-
ence of anxiety and depression) signifi cantly pre-
dicted lower PCQLI score after controlling for 
patient demographics and important clinical 
covariates [ 76 ]. Executive functioning, gross 
motor ability, and mood accounted for up to 50 % 
of the variance in patient and parent-reported 
HRQOL scores. These factors appear to be key 
drivers of HRQOL in complex CHD survivors and 
may be targets for future intervention [ 75 ].  

    Psychosocial Predictors of HRQOL 
in the Pediatric HD Population 
 While multiple studies have shown that there is 
psychosocial dysfunction in the pediatric heart 
disease population, few studies have assessed for 
association between psychosocial predictors in the 
individual or family environment and HRQOL 
[ 56 ,  57 ,  69 ,  77 – 79 ]. A recent multi-center multi- 
national study in the United States and England 
completed by Marino and colleagues explored the 
relationships between HD complexity, HRQOL, 
and psychosocial morbidity factors. 815 patient-
parent pairs participated in the study with a mean 
patient age of 12.5 ± 1.5 years. The study assessed 
the mediating impact of specifi c psychosocial 
morbidity factors (family functioning and parental 
stress, and patient and parent post-traumatic stress 
and trait anxiety) on the association between HD 
complexity and lower HRQOL. High complexity 
was associated with a lower PCQLI Psychosocial 
Impact subscale score. Higher parental stress, 
post-traumatic stress, and trait anxiety scores were 
associated with a lower PCQLI Psychosocial 
Impact  subscale score. The association between 
High complexity and lower PCQLI PI score was 
mediated by worse parental stress, post-traumatic 
stress, and trait anxiety [Total Correlation (direct 
and indirect effects) = −0.21 to −0.46; p < 0.001] 
for both patients and parents. Interventions on 
these psychosocial morbidities may improve 
QOL [ 80 ].   

    Summary 

 Many studies of HRQOL in children with CHD 
have been limited by small sample size, have 
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often relied on parental proxy-report of the 
child’s HRQOL, reported health status or 
observed functional status, or focused on a single 
dimension of HRQOL. Recent instrument devel-
opment has allowed multidimensional, self- 
report of HRQOL, essential to development of 
interventions to improve HRQOL. Further 
research is needed to discover links between spe-
cifi c aspects of neurodevelopmental and psycho-
social morbidity factors and HRQOL to identify 
developmental delays and psychosocial issues 
that may be improved through intervention. By 
characterizing the relationship between disease 
complexity, neurodevelopmental and psychoso-
cial morbidity, and HRQOL, physicians and care-
givers will be able to change the medical care 
delivery system to signifi cantly improve the lives 
of children with CHD and ensure their future 
success.   

    Clinical Implementation (Is HRQOL 
Evaluation Utilized in Clinical 
Practice?) 

 The importance and utility of HRQOL assess-
ment with reliable, valid, generalizable, and 
responsive instruments in the pediatric HD popu-
lation is centered on the fact that they provide a 
means to improve patient HRQOL outcomes 
through: (1) The improvement of comprehensive 
follow-up of the pediatric HD population (sur-
veillance and screening); (2) The identifi cation of 
at-risk patients (risk stratifi cation of HD sub- 
populations); (3) The identifi cation of modifi able 
risk factors to prevent adverse outcomes (preven-
tion); and (4) The design of interventions for 
children with poor outcomes (treatment plan-
ning). Early identifi cation of neurodevelopmen-
tal impairments in academic achievement, 
language, visual construction and perception, 
attention, processing speed, memory, executive 
functioning, fi ne and gross motor skills, and/or 
ADHD in these children may allow the clinical 
care team to stratify populations and improve 
HRQOL outcomes through targeted intervention 
for children at-risk. Given some of the early data 
on the utility of physical rehabilitation in patients 
with CHD and diminished exercise capacity, 

physical functioning and HRQOL may be 
improved through rehabilitation or medical or 
device based (pacemaker) therapies. In addition, 
early identifi cation of psychosocial functioning 
issues in the child and/or family (post-traumatic 
stress, trait anxiety, depression, coping, family 
functioning, and parental stress) may allow for 
risk-stratifi cation and the incorporation of tar-
geted interventions to prevent or treat psycho-
logical or social morbidity. Unfortunately, the 
clinical evaluation of neurodevelopmental 
impairments, physical and psychosocial morbid-
ity on HRQOL in children with HD has not 
become a standard component of care and much 
is left to be learned. The clinical utility of current 
instruments is largely unknown. 

 Multiple barriers exist to incorporating 
HRQOL assessment into the clinical environment 
[ 19 ]. Pediatricians and cardiologists (medical 
home providers) have ever-increasing demands 
on their time and the utilization of HRQOL instru-
ments for surveillance and screening will only 
occur if administration, scoring, and interpreta-
tion of measures are simple and are easily inte-
grated into the clinical practice setting in 
“real-time” as part of the “paper” or electronic 
medical record. In addition, practitioners will 
only incorporate HRQOL assessment into their 
clinical care if there is compelling evidence that 
surveillance, screening, referral, evaluation, and 
intervention are effi cient, cost-effective, and make 
a difference in patient specifi c HRQOL outcomes. 
One of the biggest barriers to  incorporation is the 
lack of knowledge among practitioners of the the-
oretical benefi ts to HRQOL assessment. Only 
through clinical research studies focusing on har-
nessing the potential of HRQOL assessment will 
these barriers begin to fall.  

    Research Agenda (What Is Needed 
in HRQOL Research in Pediatric HD 
Patients?) 

     1.    Future HRQOL research should focus on the 
associations of specifi c morbidities/pheno-
types in the pediatric HD population and 
HRQOL to determine candidate factors for 
interventional studies for  prevention  and 
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  treatment.  Specifi cally, further research is 
needed to discover links between neurodevel-
opmental, psychosocial, and physical morbid-
ity factors and HRQOL to identify specifi c 
functional defi cits that may be prevented or 
mitigated through intervention.   

   2.    Both patient and parent respondents need to 
be evaluated in HRQOL research to learn 
more about similarities and differences 
between patient and parent respondents. 
These patterns will inform clinical applica-
tions on how best to assess HRQOL in patients 
and their parent/guardians and inform how 
future screening and interventions programs 
may improve HRQOL.   

   3.    Demonstrate that HRQOL assessment in the 
clinical setting will ultimately result in clini-
cally meaningful changes in HRQOL and/or 
functional status. Specifi cally, it must be dem-
onstrated that: (1) It is feasible to collect 
HRQOL data in “real-time” in the clinical set-
ting and that patients may be stratifi ed into 
low and high risk groups for neurodevelop-
mental, physical and psychosocial dysfunc-
tion; (2) It is feasible to refer patients with 
lower HRQOL scores stratifi ed into a high 
risk category into interventions; and (3) 
Interventions in a high risk group will result in 
clinically meaningful changes in HRQOL.   

   4.    A responsive instrument is required and fun-
damental for the fi eld to pursue an interven-
tional agenda that will improve current clinical 
practice. Efforts should be made to demon-
strate responsiveness in disease-specifi c mea-
sures shown to be reliable, valid, and 
generalizable in the United States. Once 
responsiveness has been demonstrated, this 
HRQOL tool should be considered for inclu-
sion in all randomized clinical or interven-
tional drug, device, or surgical treatment 
trials, where appropriate.   

   5.    New HRQOL instruments should be devel-
oped for aging cohorts of pediatric HD 
patients (young adults and adults) in the 
United States as there is a rapidly growing 
population of Adult with CHD (ACHD popu-
lation) in transition with changing HRQOL 
assessment needs. HRQOL instruments for 

adults with HD are intended for patients with 
HD due to hypertension or coronary ischemia. 
A combination of an adult generic HRQOL 
measure and an ACHD disease-specifi c 
HRQOL measure will provide the necessary 
tools to provide critical information on this 
unique and growing population.      

    Clinical Agenda (What Is Needed 
to Harness the Potential of HRQOL 
Assessment for Clinical Use 
in Pediatric HD Patients?) 

     1.    Begin incorporating HRQOL evaluation into 
the clinic visit to take full advantage of the 
current advances in HRQOL measurement.   

   2.    Strive to make all HRQOL evaluations con-
ducted in clinical settings “research quality” 
(or at least create standard evaluation proto-
cols) so that the fi eld may benefi t from reliable, 
valid, and potentially generalizable clinical 
information. There is so much variability in the 
way evaluations are presently conducted that it 
makes it diffi cult to generalize any data col-
lected at any particular site or clinical setting 
across settings and/or populations.   

   3.    Once it has been demonstrated that HRQOL 
assessment may be used for neurodevelop-
mental, psychosocial, and physical morbidity 
risk stratifi cation, HRQOL assessment should 
be performed in all outpatient clinic visits as 
part of a formal standardized surveillance and 
screening program to allow for referral, inter-
vention, and follow-up.   

   4.    Incorporate HCQOL assessment as a routine 
and longer term measure of quality care pro-
vided by providers and systems.      

    The Relationship of Quality of Life, 
Safety, and Value 

 While clinical outcomes in CHD, as with many 
other pediatric conditions, have improved over 
the last two decades, these improvements have 
come at an economic cost. Diagnostic and 
 interventional technologic advances have 
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 partially driven clinical improvements. 
Improvement in mortality has led to clinical 
focus on improving other outcomes, including 
improvement in HRQOL. In addition, as health-
care fi scal resources have become progressively 
more stretched, cost and value have increasingly 
worked their way into the discussion of best out-
comes. In fact, economic metrics are important 
tools to assist decision makers in defi ning the 
value of the care we offer outpatients and fami-
lies. Interventions and programs that represent 
good value, or best outcomes/cost, should be 
sought out, tested and spread. These metrics can, 
and will, be used to decide whether to fund or 
reimburse particular interventions or diagnostic 
tests. This movement has resulted in an increas-
ing number of published studies that include 
economic appraisals of interventions and ser-
vices that are aimed at children and adolescents 
[ 81 ,  82 ]. 

 Several studies have attempted to identify 
metrics that defi ne value in health care. These 
studies have aimed to compare specifi c interven-
tions in terms of their costs and benefi ts. Some of 
the analyses that have been studied include: (1) 
Cost-benefi t analysis: a technique in which the 
costs are compared with benefi ts of an interven-
tion, both valued in monetary terms; (2) Cost- 
effectiveness analysis: a technique in which the 
costs of an intervention are compared with a sin-
gle predefi ned health outcome (e.g., cost per case 
detected, cost per life-year gained); and (3) Cost- 
utility analysis: a special type of cost- effectiveness 
analysis that uses quality-adjusted life-years 
(QALYs) as an outcome measure [ 83 ]. Among 
all study types, cost-utility analysis, whereby 
health benefi ts are quantifi ed in terms of QALYs, 
has become the standard type and is now recom-
mended in the great majority of health economics 
guidelines as the analysis of choice [ 84 ,  85 ]. 

 The main reason for using QALYs as an out-
come measure is that improvements in HRQOL 
and life expectancy are captured within a single 
index that also incorporates individual prefer-
ences for various health outcomes. Such form of 
analysis therefore allows the direct comparison 
of the relative health benefi ts of interventions 
across different disease areas and populations. 

The use of QALYs, however, relies on a number 
of assumptions, including that the health of the 
patient is the only important outcome and that it 
is possible to trade directly between quality and 
quantity of life [ 86 ]. 

 While improvement in clinical outcomes have 
come with increased diagnostic and interven-
tional costs, it is important not to discount the 
potential gain in QALYs as we improve not only 
clinical outcomes but improve HRQOL in 
infants, children and adults with CHD. As we 
care for our patients we focus on doing so in the 
safest way possible to minimize harm, offering 
the best in medical care to improve clinical out-
comes, and in the most effi cient way possible to 
maximize patient value. These same areas should 
be focused on when addressing issues of 
improvement in HRQOL. The best value will be 
offered to our patients and families if we provide 
them with the best clinical and HRQOL out-
comes in the most cost-effective manner and in a 
safe environment.  

    Quality of Life National Registry 

 Based on the unique interaction between Safety, 
Quality, and Value it is a national imperative to 
set up a national registry that will collect data on 
HRQOL pediatric for and congenital heart dis-
ease. By doing so we will be able to accumulate 
critical HRQOL data on important pediatric heart 
disease cohorts so we can perform cost-utility 
analyses to determine discrete QALY values for 
specifi c populations. These cost-utility analyses 
will allow clinicians and researchers to compare 
the impact of specifi c medical, surgical, and cath-
eter-based therapies within specifi c high-risk 
pediatric and congenital heart disease popula-
tions. More importantly, clinicians and research-
ers will be able to compare the cost per QALY for 
various potential therapeutic choices for the same 
lesion or clinical situation. From a safest perspec-
tive the cost to provide a given QALY outcome is 
not linear and knowing the cost per outcome rela-
tive to various safety profi les will be fundamental 
to reshape our clinical environment. By pursuing 
this agenda we will have the opportunity to care 
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for our patients in the safest possible manner to 
minimize harm, offer the best medical care to 
maximize QALYs, and do so in the most effi cient 
manner to maximize patient value (cost per 
outcome).  

    Conclusion 

 Over the last several decades mortality rates for 
children with HD have fallen. However, survi-
vors may have neurodevelopmental, psychoso-
cial, and physical morbidities that lower 
HRQOL. Although HRQOL assessment in this 
high-risk population has been lacking due to 
inherent issues in HRQOL assessment in the 
pediatric HD population, advances have been 
made in HRQOL measurement with new reli-
able, valid, and generalizable measures. These 
questionnaires may be utilized to rapidly 
improve HRQOL research and obtain critical 
information that may be translated into the clini-
cal domain. Rigorous characterization of the 
relationship between neurodevelopmental, psy-
chosocial, and physical morbidity factors and 
HRQOL will identify specifi c factors amenable 
to intervention and allow clinicians to modify 
the medical care delivery system to signifi cantly 
improve the lives of children with CHD and 
promote their future success. Formal screening 
and intervention programs based on HRQOL 
assessment will allow clinicians to intervene in 
those children with signifi cant defi cits with the 
greatest potential to improve HRQOL. Cost-
Utility analyses that will utilize HRQOL mea-
surement to generate QALYs as an outcome 
measure are critical so improvements in 
HRQOL and life expectancy are captured 
within a single index that also incorporates indi-
vidual preferences for various health outcomes. 
Cost-Utility analyses allow for the direct com-
parison of the relative health benefi ts of inter-
ventions across different disease areas and 
populations. It is imperative that we set up a 
National QOL Registry for patients with pediat-
ric and CHD so that we can care for our patients 
in the safest possible manner to minimize harm, 
offer the best medical care to maximize QALYs, 
and do so in the most effi cient manner to maxi-
mize patient value (cost per outcome).     
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    Abstract  

  To promote collaborative research leading to evidence-based treatment 
options for pediatric patients with congenital and acquired heart disease, 
the National Heart, Lung, and Blood Institute established the Pediatric 
Heart Network (PHN) in 2001. The infrastructure is now well-developed 
and capable of implementing complex, multicenter protocols effi ciently 
and recruiting subjects effectively. In addition, we have developed mecha-
nisms to retain subjects and have established several cohorts that we are 
following long-term. The purpose of this chapter is to describe the struc-
ture of the PHN and to review studies relevant to longitudinal patient out-
come. The PHN is uniquely positioned to contribute to the body of 
knowledge regarding evidenced-based treatment approaches for pediatric 
patients with cardiovascular disease.  
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     Although morbidity, mortality, and quality of life 
have improved greatly in the past 50 years for 
patients with congenital and acquired heart dis-
ease, these improvements may have been limited 
by the fact that many contemporary treatments 
are based on expert opinion, single institution 
observational studies, or extrapolated from adult 
cardiovascular medicine. Barriers to developing 
and applying evidence-based approaches to pedi-
atric cardiovascular conditions have often pre-
cluded the conduct of studies evaluating 
treatments for these patients. These barriers 
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include: (1) the number of patients with a given 
condition being too small for research questions 
to be answered by a single center study; (2) ethi-
cal considerations involved in performing 
research studies in children; (3) potential lack of 
therapeutic equipoise; and (4) the high cost of 
pediatric research including the need for lengthy 
longitudinal follow-up to accurately assess 
outcomes. 

 In an effort to address this situation, the 
National Heart, Lung, and Blood Institute 
(NHLBI) established the Pediatric Heart Network 
(PHN) in 2001 [ 1 ]. The PHN has been steadily 
expanded by the NHLBI and currently has nine 
core Clinical Centers, one Data Coordinating 
Center (DCC), a biorepository, several core labo-
ratories, and more than 25 auxiliary centers con-
tributing to various studies (Fig.  33.1 ). The goals 
of the PHN are to accelerate research in the diag-
nosis and management of congenital and acquired 
pediatric heart disease, to standardize existing 
treatments, and to evaluate new therapies to bring 
evidence-based medicine to the care of children 
with heart disease. The purpose of this chapter is 
to describe the structure of the PHN and to review 
studies relevant to longitudinal patient outcome.

      Structure of the PHN 

 The DCC is responsible for overall coordination of 
operations. This includes (1) maintaining systems 
for electronic communications, administrative 
management, and coordination; (2) all phases of 
protocol development and implementation; (3) 
design, testing, and maintenance of secure data col-
lection and management systems; (4) tracking and 
execution of regulatory submissions and reporting; 
(5) systems and procedures for quality assurance; 
and (6) study design, data monitoring, conduct of 
data analyses, and collaboration on manuscripts. 

 The main governing body of the PHN is the 
Executive Committee which includes the 
Protocol Chair, the Principal Investigator from 
each participating core Clinical Center and the 
DCC, and the NHLBI Program Offi cer. The 
Executive Committee is responsible for develop-
ing all policies and procedures and for reviewing 
and prioritizing study proposals in consultation 
with the Steering Committee. Membership in the 
PHN Steering Committee is open to investigators 
from the core Clinical Centers and all auxiliary 
enrolling sites, and personnel from the DCC, 
core laboratories and NHLBI. 
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 Clinical Center investigators as well as 
 investigators from outside the PHN provide the 
intellectual leadership for developing proposals 
for new studies. For proposals approved by the 
Executive Committee, the investigators write the 
formal protocol with statistical, quality assur-
ance, and regulatory consultation from the 
DCC. Every proposed study is reviewed by two 
independent committees established by NHLBI 
that consist of individuals who do not have close 
professional relationships to PHN investigators 
and who have expertise relevant to the proposed 
study. The Protocol Review Committee assesses 
the scientifi c merit and feasibility of all proposed 
protocols. The Data and Safety Monitoring Board 
(DSMB) reviews protocols and consent forms 
with special emphasis on subject safety. In addi-
tion, an independent medical monitor adjudicates 
serious adverse events as they are reported for all 
PHN studies. 

 The Clinical Centers and auxiliary enrolling 
sites are responsible for subject recruitment and 
execution of the study protocol. During the 
course of the study all data, including adverse 
events (by study arm, where applicable), are 
reviewed to ensure the safety of study subjects by 
the DSMB. Furthermore, the DSMB advises the 
NHLBI on data quality, achievement of recruit-
ment and study aims as well as ethical and human 
subjects issues. If the trial design includes early 
stopping rules, the DSMB also provides recom-
mendations with regard to continuing or stopping 
the study prematurely. Members of the Clinical 
Centers, auxiliary enrolling sites, the Protocol 
Chair, the DCC, and the NHLBI staff collaborate 
in reporting results of the studies through presen-
tations, abstracts, and manuscripts.  

    PHN Studies 

    Longitudinal Fontan Studies 

 For patients born with single ventricle physiol-
ogy, the Fontan procedure restores near-normal 
systemic oxygen saturation, reduces the demands 
on the systemic ventricle, and extends the lives of 
patients with even the most complex forms of 

congenital heart disease. Nevertheless, the 
 resulting abnormal hemodynamic state is associ-
ated with a variety of late complications includ-
ing decreased exercise performance, abnormal 
ventricular function, intracardiac and extracar-
diac thrombosis and embolic phenomena, 
arrhythmias and conduction system impairment, 
and protein- losing enteropathy [ 2 ]. 

 Despite these well-recognized problems, few 
contemporary treatment strategies are evidence- 
based because randomized clinical trials are dif-
fi cult to perform in this population. In trying to 
design a clinical trial, the PHN had diffi culty 
identifying a primary endpoint that could be 
observed within a reasonable time period. 
Surrogate endpoints, such as functional health 
status, are often desirable to optimize the feasi-
bility of a study, but the PHN recognized that 
understanding of the association between func-
tional health status and laboratory measures was 
limited. We therefore designed the Fontan 1 
study with the goal of identifying one or more 
quantifi able laboratory measures of cardiovascu-
lar performance that correlated with a validated 
health-related quality of life instrument (a poten-
tial surrogate outcome). We performed a cross- 
sectional study (Fontan 1) of 546 children who 
were 6–18 years of age at study entry (mean 
11.9 ± 3.4 years) [ 3 ], creating a broad and unique 
dataset that was used to investigate the relation-
ship of functional health status of these subjects 
to medical history and various laboratory mea-
sures of cardiac function [ 4 – 11 ]. Unfortunately, 
in our cohort of relatively healthy Fontan patients, 
laboratory measures accounted for only a small 
proportion of the variability in functional health 
status. Thus, functional health status may not be 
an optimal surrogate endpoint for trials of thera-
peutic interventions in this patient population [ 9 ]. 

 Although this study is the largest to date of 
children who have undergone the Fontan opera-
tion, every study manuscript noted the limitations 
inherent to the cross-sectional design. 
Additionally, it was diffi cult to determine whether 
differences between older and younger patients 
were related to the length of time each had lived 
with Fontan physiology or to secular changes in 
management strategies for palliating patients with 
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Fontan physiology. Unfortunately,  longitudinal 
data in this population are diffi cult to obtain. Of 
concern, the frequency and severity of many of 
the complications related to the Fontan procedure 
increases as these patients become older. 
Furthermore, as these patients age into young 
adulthood, access to specialized health care may 
become limited. A follow-up study (Fontan 2) at 
an average of 7 years after enrollment in Fontan 1 
was performed that included a limited re- 
evaluation of the original Fontan 1 cohort using 
the following outcomes: vital status, functional 
health status, interim medical events, and access 
to health care. This study enrolled 427 of the 502 
eligible subjects in the Fontan 1 cohort. Only 
2.6 % (13 of the eligible subjects) were lost to 
follow-up. Of the original cohort, 5 % had died or 
undergone transplantation. Deterioration in physi-
cal functioning during the 7 years between studies 
was associated with respiratory conditions and 
protein-losing enteropathy [ 12 ]. In addition, the 
change in physical functioning score was not sig-
nifi cantly associated with laboratory measures of 
exercise capacity and ventricular characteristics 
and function obtained 7 years earlier as part of the 
Fontan 1 study. 

 We are currently performing the Fontan 3 
study. In this study, we are collecting vital and 
cardiac transplant status data from medical 
records and public records on the 546 subjects 
screened for the Fontan 2 study, and then 
approaching those alive with a Fontan circulation 
for enrollment in Fontan 3. Repeat administration 
of age-appropriate health status questionnaires, 
maximal exercise testing, echocardiography and 
B-type natriuretic peptide analysis are being per-
formed prospectively during a visit to a partici-
pating PHN center and compared to data obtained 
during the previous Fontan studies. Additional 
data will be collected by medical record review 
and questionnaires to assess socioeconomic sta-
tus, family functioning, and access to health care. 
The Fontan 3 study will also collect biological 
specimens for storage in a central repository for 
future genetic studies. Longitudinal assessment 
of functional health status and repeat testing of 
laboratory measures of ventricular function an 
average of 9 years after initial enrollment in the 

Fontan 1 study is of signifi cant clinical  importance 
and will provide useful comparisons to the single 
ventricle subjects being followed prospectively 
from birth in other PHN studies.  

    Single Ventricle Reconstruction Trial 

 The PHN conducted the fi rst multi-center, random-
ized clinical trial that compared outcomes of the 
Norwood procedure with either a right-ventricular- 
to-pulmonary-artery shunt (RVPAS) or a modifi ed 
Blalock-Taussig Shunt (MBTS), in patients with 
hypoplastic left heart syndrome and other single 
right ventricle anomalies [ 13 ]. The results showed 
that a Norwood procedure with RVPAS (n = 274), 
compared to MBTS (n = 275), was associated with 
better transplant-free survival 12 months after ran-
domization (74 % vs. 64 %, respectively, P = 0.01) 
[ 14 ]. Of note, the rate of unintended cardiovascular 
interventions (P = 0.003) and complications 
through 12 months after randomization was higher 
in the RVPAS group (P = 0.002). 

 This trial is an excellent example of the impor-
tance of longitudinal follow-up. Although the 
primary outcome in the trial was transplant-free 
survival 12 months after randomization, we noted 
that the difference between groups in transplant- 
free survival (P = 0.06) did not achieve statistical 
signifi cance when we used all follow-up data 
available at the time of the report (mean for 
transplant- free survivors, 32 ± 11 months). In our 
ongoing follow-up of the trial cohort, we have 
found that by 3 years after randomization, the 
Norwood procedure with RVPAS, compared 
with MBTS, was no longer associated with supe-
rior transplant-free survival (Fig.  33.2 ) [ 15 ].

   The PHN Single Ventricle Reconstruction trial 
has resulted in the largest cohort to date of children 
with single right ventricular anomalies. Ongoing 
follow-up of this cohort is underway to delineate 
the evolving natural history after the Norwood 
procedure using the RVPAS compared with the 
MBTS strategy [ 16 – 20 ]. This study cohort is very 
well-characterized and provides a unique opportu-
nity to explore determinants of long-term outcome 
in these fragile patients. Biospecimens have been 
stored for genetic analysis.  
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    Marfan Trial 

 Cardiovascular pathology, including aortic root 
dilation, dissection, and rupture, is the leading 
cause of mortality in patients with Marfan syn-
drome. Although advances in therapy have 
improved life expectancy, affected individuals 
continue to suffer cardiovascular morbidity and 
mortality. Studies in an  FBN1 -targeted mouse 
model of Marfan syndrome with aortic pathology 
similar to that seen in humans showed that treat-
ment with losartan normalized aortic root growth 
and aortic wall architecture [ 21 ]. These compel-
ling results prompted a desire to translate these 
results systematically to humans. 

 The PHN therefore designed a clinical trial to 
compare aortic root growth, which is the best pre-
dictor of cardiovascular outcome, in children and 
young adults with Marfan syndrome randomized 
to receive atenolol or losartan for a period of 3 
years [ 22 ]. Between 2007 and 2011, with the help 
of the National Marfan Foundation, 21 clinical 
sites randomized 608 subjects, aged 6 months to 

25 years who met diagnostic criteria and had a 
body surface area-adjusted aortic root diameter 
z-score > 3.0. Five echocardiograms over 3 years 
were submitted for each subject to assess the pri-
mary endpoint, the rate of change in maximum 
aortic root diameter (sinuses of Valsalva) z-score. 
Baseline demographic, clinical, and anthropomet-
ric characteristics of the randomized cohort are 
representative of patients in this population with 
moderate to severe aortic root dilation [ 23 ]. Mean 
age at study entry was 11.2 ± 6.3 years, 25 % were 
older teenagers and young adults, and 60 % were 
male. Nearly two-thirds had a family history of 
Marfan syndrome. The median baseline aortic 
root diameter z-score was 4.0. Inter- and intra-
observer variability of echocardiographic mea-
surements made at the core laboratory showed 
excellent reproducibility [ 24 ]. We expect that the 
results of the trial, which will be available in 2014, 
and the wealth of systematic data collected will 
make an important contribution to the manage-
ment of individuals with Marfan syndrome.   

    Challenges 

 Despite the participation of a large number of tal-
ented investigators and the generous resources 
provided by NHLBI, we encounter a number of 
barriers in trying to plan and execute studies. 

    Selection of a Primary Endpoint 

 Selection of an appropriate primary endpoint is 
often quite controversial within the PHN, as it is 
within other groups of trialists. Ideally the pri-
mary endpoint selected for a prospective trial 
should be clinically meaningful; that is, it should 
measure how a subject survives, feels, or func-
tions [ 25 ,  26 ]. These types of endpoints are 
sometimes called “hard endpoints”. We were 
able to use such an endpoint in the Single 
Ventricle Reconstruction trial (transplant-free 
survival) but often these “hard” endpoints are dif-
fi cult to evaluate in pediatric cardiology patients 
because events such as death and major compli-
cations are relatively rare [ 26 ,  27 ]. 

0 1 2 3 4 5 6
0

0.2

0.4

0.6

0.8

1.0

Years since randomization

P
ro

po
rt

io
n 

fr
ee

 o
f d

ea
th

 a
nd

 tr
an

sp
la

nt

MBTS

RVPAS

No. at risk

MBTS

RVPAS

275 175 168 159 127 77 30

274 202 183 180 143 85 43

  Fig. 33.2    Comparison of the shunt types by intention-to- 
treat analysis in their freedom from the composite end-
point of death or cardiac transplant for the cohort of 
subjects in the single ventricle reconstruction trial (i.e., 
transplant-free survival). Using all available data, 
transplant- free survival did not differ between groups 
(logrank P = .14).  RVPAS  right ventricular to pulmonary 
artery shunt,  MBTS  Modifi ed Blalock-Taussig shunt,  No  
number (Adapted from Newburger et al. [ 15 ])       

 

33 Longitudinal Follow-Up Studies in the Pediatric Heart Network



440

 Because of these diffi culties, we like many 
others have considered surrogate markers as sub-
stitute outcome measures for a “hard” endpoint 
[ 28 – 30 ]. Surrogate endpoints are usually labora-
tory measures (e.g., ejection fraction or peak 
oxygen consumption) or patient-reported mea-
sures of functional health status that are expected 
to predict a clinically meaningful endpoint, but it 
can be measured earlier in the clinical course 
than an outcome such as death or major compli-
cation. Aortic root diameter is a well-accepted 
surrogate for aortic dissection in patients with 
Marfan syndrome so we were able to use this 
echocardiographic measurement as the primary 
outcome in the Marfan trial. In contrast, we con-
tinue to struggle to design prospective trials in the 
Fontan population because of the absence of vali-
dated surrogate outcomes (see discussion above).  

    Estimation of Sample Size 
and Subject Availability 

 An accurate estimate of the outcome rate (or 
mean and variance of the outcome measure) in 
the control group is necessary to calculate the 
sample size necessary for adequate statistical 
power. The PHN conducts formal chart reviews 
during the protocol development phase to esti-
mate current event rates in our participating sites 
rather than relying on historical data because 
event rates for many conditions of interest change 
relatively rapidly. 

 The sample size required for a study also 
depends on the magnitude of the treatment differ-
ence that investigators consider clinically mean-
ingful and wish to observe. In addition to 
determining the outcome rate in the control 
group, the size of the minimum clinically signifi -
cant treatment effect must be specifi ed. For a 
given statistical power, more subjects are needed 
to evaluate smaller treatment differences. It is 
important to design studies that will have suffi -
cient power to detect the minimum clinically 
important difference, even if the magnitude of 
that difference is smaller than what has been 
observed in a prior study. Otherwise, the trial 

may miss clinically-important treatment benefi ts. 
In addition, if the overall event rate is over- 
estimated, the trial’s target sample size may not 
yield the power necessary to detect the specifi ed 
treatment difference. For this reason, interim 
analysis of aggregate event rates (or, for continu-
ous measures, the standard deviation) is desirable 
to determine whether a modifi cation to sample 
size is indicated to successfully execute the study. 

 Accurately defi ning the number of potentially 
available subjects can be diffi cult. We designed a 
placebo-controlled randomized trial of enalapril 
in children with mitral regurgitation after repair 
of an atrioventricular septal defect. As part of a 
feasibility study, individual sites reviewed their 
databases to determine the number of patients 
with mitral regurgitation based on subjective 
assessment from the echocardiograms. For the 
purposes of the actual study inclusion criteria, 
however, we created an algorithm requiring 
quantitative measurements to defi ne mitral regur-
gitation. Unfortunately, application of this algo-
rithm excluded many of the patients previously 
thought to be eligible. Recruitment was very poor 
and the trial was eventually abandoned [ 31 ]. 
Based on this experience, we now conduct all 
feasibility studies using actual trial entry 
criteria.  

    Subject Recruitment and Retention 

 We have found recruiting patients into our stud-
ies, especially those with severe defects, to be 
challenging and have therefore developed an 
Inventory of Best Practices which has greatly 
facilitated this process (Table  33.1 ) [ 32 ]. 
Clinicians and other personnel caring for patients 
must be involved in a collaborative manner and 
educated regarding the rationale and procedures 
for the study. The timing of a trial is also critical 
to recruitment success. A study cannot be started 
until all centers have developed suffi cient experi-
ence with any new procedures or therapies, but it 
must be started before a new treatment becomes 
the standard of care despite any evidence beyond 
anecdotal reports that it is the best approach [ 33 ].

L. Mahony et al.



441

   A variety of approaches facilitate recruiting 
and retaining subjects. For the Marfan trial, we 
were greatly helped by the advocacy efforts of 
the National Marfan Foundation to encourage 
enrollment in the trial. We also recognized that 
many families are not familiar with the processes 
and procedures involved in human subjects 
research. The PHN therefore developed the 
Children and Clinical Studies informational web-
site; this is now used routinely to assist in the 
educational process [ 34 ]. 

 One of the most important aspects of retaining 
subjects, especially in long-term follow-up stud-
ies, is the relationships that are developed with 
the research staff. One of the advantages of the 
PHN structure is that we are able to support the 
same clinical site staff over a number of years. 
Subjects and their families often feel that mem-
bers of the research staff are integral to the over-
all care of the subject. In addition, when the 
families consent to our studies, they also consent 
to being contacted frequently, and to permit 
access to medical records for several years after a 
study ends. 

 Another issue that affects both recruitment 
and retention is that study subjects often live 
some distance from the study center. These 
patients are often followed by a pediatric cardi-

ologist near their homes, and do not return to the 
study center for routine care, making studies that 
require long-term follow-up at the PHN Center 
more challenging. The trusting relationships 
developed between subjects, families and the 
research staff are particularly important to this 
effort. We try to allow some follow-up visits to be 
completed locally, but we also can pay for trans-
portation and lodging when necessary.   

    Conclusions 

 The PHN was established evidence-based 
approaches to management of pediatric 
patients with cardiovascular disease. A large 
number of centers in the US that are involved 
in the care of these patients are now involved 
in one or more studies. The well- developed 
infrastructure allows effi cient implementation 
of complex multicenter protocols and effec-
tive subject recruitment. In addition, we have 
developed mechanisms to retain subjects in 
our studies thereby ensuring longitudinal fol-
low- up. The accomplishments of the PHN 
will permit those taking care of children with 
heart disease to evaluate clinical practice criti-
cally and will provide data for an evidence-
based rationale for diagnostic and therapeutic 
options.     

   Table 33.1    Inventory of best recruitment practices   

 Partnerships with clinicians  Provide study updates and meet regularly (conferences, bedside rounds, Division 
and Department meetings) with staff to convey a sense of partnership, to address 
concerns and keep the study visible 
 Determine the local practices for using the study drug routinely in this 
population and address issues of equipoise 

 Fostering relationships with 
families 

 Remain in consistent contact with the family from birth to study completion by 
the same members of the research team whenever possible 
 Allow patients to complete one follow-up visit locally (non- Pediatric Heart 
Network centre) to alleviate long-distance travel for some families 
 Ask the cardiac surgeon or physician who has an established relationship with 
the family to mention the trial and advise that study personnel will talk with 
them about participation 

 Enhancing the environment  Approach the family for study enrolment at a less stressful time – when the 
infant is more stable and perhaps transitioning out of the critical care unit 
 Present an informational study brochure before providing the lengthier informed 
consent document but always as part of a verbal discussion 
 Introduce the idea of research participation at a prenatal cardiology follow-up 
visit 

  Reprinted with permission from Pike et al. [ 32 ]  
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    Abstract  

  Cardiomyopathy is a serious, but rare, disease of the heart muscle. 
Cardiomyopathy commonly results in heart failure and is the leading cause 
of heart transplantation in children older than 1 year of age. The Pediatric 
Cardiomyopathy Registry (PCMR), which has been funded by the National 
Heart Lung and Blood Institute (NHBLI) since 1994, has enrolled and 
followed more than 3,500 children with cardiomyopathy in the US and 
Canada. Results from the registry have established the incidence of pediat-
ric cardiomyopathy in North America, determined the prevalence of heart 
failure, have identifi ed causes of cardiomyopathy, as well as transplant and 
survival patterns. In this chapter, we will describe the design and operation 
of the PCMR and present a summary of results. The PCMR is an example 
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        Introduction 

 Patient registries are important public health 
tools for disease surveillance as well as an 
important observational research design to 
address important research questions, such as 
disease outcomes, which cannot always be defi n-
itively addressed by clinical trials. The Agency 
for Healthcare Research and Quality (AHRQ) 
defi nes a patient registry as “an    organized system 
that uses observational data (clinical and other) 
to evaluate specifi c outcomes for a population 
defi ned by a particular disease, condition, or 
exposure, and that serves one or more predeter-
mined scientifi c, clinical, or policy purposes” [ 1 ]. 
In the AHRQ report, they suggest how to plan 
and design a patient registry, selection of data 
elements, data linking, ethical and privacy issues, 
data quality, registry data analysis and interpreta-
tion and other key issues important to establish-
ing and maintaining robust patient registries [ 1 ]. 
These patient registries are particularly important 
in understanding rare diseases, which often 
 disproportionally affect pediatric populations 
[ 2 ,  3 ]. Over 7,000 rare diseases, defi ned as affect-
ing less than 200,000 US residents annually, 
affect almost 30 million persons in the US [ 3 ]. 
However, registries must collect high quality data 
and employ robust statistical analyses to result 
in the most informative results, while minimiz-
ing study bias which is intrinsic in observational 
studies. Dreyer and Garner state that patient reg-
istries are useful in understanding how clinical 
trial results can be applied in clinical practice 
as well as support regulatory agency decisions 
about product safety and indications as well as 
support insurance coverage for specifi c inter-
ventions [ 4 ]. They emphasize the importance of 
well-designed observational studies, including 
patient registries, as real-word research additions 

to the evidence-based understanding of a variety 
of health conditions. However, they  caution that 
a clear understanding of registry methodologies 
and follow-up design are essential to evaluating 
the value of registry- based results, which echoes 
the AHRQ guidelines. 

 In this chapter, we present the results from 
the National Heart, Lung and Blood Institute 
(NHLBI)-funded Pediatric Cardiomyopathy 
Registry (PCMR) as an example of how a well-
designed and well-conducted patient registry can 
provide important insights into the etiologies, 
clinical course, and patient outcomes for a rare 
disease, in this case cardiomyopathy in children. 
Combining robust registry data with the results 
of current and future clinical trials, often initiated 
based on patient registry observational results, 
can lead to important clinical advances in improv-
ing patient outcomes for a variety of diseases.  

    The Signifi cance of Pediatric 
Cardiomyopahty as a Rare Disease 

 Although relatively rare, cardiomyopathy is a 
common cause of heart failure in children and 
the leading cause of heart transplantation in 
those over the age of 1 year [ 5 – 8 ]. Among the 
functional types, dilated and hypertrophic car-
diomyopathies are the most common in children. 
These two functional types are characterized by 
abnormal cardiac structure and function and a 
poor prognosis. Until the mid-1990s, little was 
known about its incidence, prevalence, risk fac-
tors, causes, and outcomes. 

 Given the disease’s rarity and heterogeneity, 
accurately estimating its incidence required a 
large and relatively unbiased sample of the popu-
lation that in turn required an extensive and strin-
gent recruitment strategy. Long-term follow-up 

of how a well-designed and well-conducted patient registry can provide 
important insights into the etiologies, clinical course, and patient outcomes 
for a rare disease, in this case cardiomyopathy in children.  
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was also needed to better document the diagno-
sis, treatment, course, and outcome of this varied 
disease, as well as to identify cause-specifi c pre-
vention and treatment strategies. 

 To study the disease to this extent, in 1994, the 
NHLBI funded a large, multi-center observational 
study of both primary and idiopathic cardiomy-
opathies: the Pediatric Cardiomyopathy Registry. 
Currently the largest pediatric cardiomyopathy 
registry in the world, it contains data collected 
annually from more than 3,500 children until 
heart transplant, death, or loss to follow-up. The 
PCMR has provided the most complete picture of 
pediatric cardiomyopathy and its diagnosis and 
treatment, and, in so doing, has provided a solid 
foundation on which new treatment strategies can 
be based. 

 The PCMR has evolved in response to early 
fi ndings. Originally, its purpose was to document 
the incidence, presentation, and functional types 
of the disease for specifi c demographic groups. 
With this purpose largely achieved, its focus is 
to better characterize the functional types, the 
causes, and risk factors for transplant and death. 
In this chapter, we discuss the nature, develop-
ment, and contributions of the PCMR.  

    The Design and Operation 
of the Registry 

 The PCMR began with two cohorts [ 9 ]. The fi rst 
was a retrospective cohort of children in whom car-
diomyopathy had been diagnosed between January 
1, 1990, and December 31, 1995. These children 
were identifi ed by a chart review from 39 tertiary 
care centers in the US and Canada. The purpose of 
this cohort was to identify potential predictors of 
outcomes as well as diagnostic approaches. 

 The second cohort was a population-based, 
prospective cohort of children diagnosed after 
January 1, 1996, by pediatric cardiologists at 98 
pediatric cardiac centers in two geographically 
distinct regions of the US (New England, consist-
ing of Connecticut, Maine, Massachusetts, New 
Hampshire, and Rhode Island; and the Central 
Southwest, consisting of Arkansas, Oklahoma, 
and Texas). These geographic areas were 
selected because of the local referral patterns, 
which allowed for the identifi cation of nearly all 

cases of pediatric cardiomyopathy from tertiary 
centers. The purpose of studying this cohort was 
to accurately estimate the incidence of pediatric 
cardiomyopathy. Data collection in both regions 
was standardized by an outreach team that regu-
larly visited each participating center to enroll 
new cases and abstract data from medical records. 

 Children were eligible for inclusion if they were 
up to 18 years old, had a diagnosis of cardiomy-
opathy based on quantitative echocardiographic 
criteria; a pattern of cardiomyopathy matching a 
defi ned, semi-quantitative pattern; or tissue analy-
sis confi rming the diagnosis (Table  34.1 ). All cases 
were classifi ed as one of four main disease types: 

   Table 34.1    Inclusion criteria for enrollment in the 
Pediatric Cardiomyopathy Registry   

  Echocardiographic measurements  
 Left ventricular fractional shortening or ejection fraction 
>2 SD below the normal mean for age. Fractional 
shortening is acceptable in patients with a normal 
ventricular confi guration and no regional wall motion 
abnormalities. Echocardiographic, radionuclide or 
contrast angiographic, or MRI evidence of abnormal 
ejection fraction is also an acceptable criterion, but 
age-appropriate norms for each laboratory must be used 
 Left ventricular posterior wall thickness at end-diastole 
>2 SD above the normal mean for body-surface area 
 Left ventricular posterior wall thickness at end-diastole 
>2 SD below the normal mean for body-surface area 
 Left ventricular end-diastolic dimension or volume >2 
SD above the normal mean for body-surface area. 
Dimension data are acceptable under the conditions 
outlined for fractional shortening above, and volume data 
may be derived from the imaging methods as above 
  Clinical patterns  
 Localized ventricular hypertrophy, such as septal 
thickness >1.5 × left ventricular posterior wall thickness 
with at least normal left ventricular posterior wall 
thickness, with or without dynamic outfl ow obstruction 
 Restrictive cardiomyopathy: one or both atria enlarged 
relative to ventricles of normal or small size with 
evidence of impaired diastolic fi lling and in the absence 
of marked valvular heart disease 
 Contracted form of endocardial fi broelastosis; similar to 
restrictive cardiomyopathy plus echo-dense endocardium 
 Ventricular dysplasia/Uhl’s anomaly: very thin right 
ventricle with dilated right atrium (usually better 
assessed by MRI than by echocardiography) 
 Concentric hypertrophy in the absence of a 
hemodynamic cause: a single measurement criterion of 
LV posterior wall thickness at end-diastole >2 SD would 
suffi ce 
 Left ventricular myocardial noncompaction: very 
trabeculated spongiform left ventricle myocardium with 
multiple interstices 
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dilated cardiomyopathy (DCM), hypertrophic car-
diomyopathy (HCM), restrictive cardiomyopathy 
(RCM), mixed HCM and RCM, or idiopathic. 
Since the inception of the PCMR, more specifi c 
types have been added, such as HCM with left 
ventricular non- compaction (LVNC).

   Exclusion criteria helped to narrow the focus 
of the registry (Table  34.2 ). For example, chil-
dren were excluded if they had specifi c second-
ary causes of structural abnormalities, such as 
congenital heart defects, and exposure to cardio-
toxic drugs, such as doxorubicin chemotherapy, 
which are known to cause cardiac hypertrophy. 
These exclusion criteria allowed for the exami-
nation of primary cardiomyopathies specifi cally.

   Data collected from the prospective cohort 
included demographic information, quantitative 
echocardiographic measurements, a brief family 
history, transplant status, and clinical fi ndings. 
Data from the retrospective cohort were more 
detailed and included a complete family history, 
qualitative echocardiographic measurements, 
electrocardiography data, and data on therapy 
and hospitalizations. To account for the range 
of body sizes and ages, echocardiographic mea-
surements were transformed into body surface 
area or age-adjusted z-scores base upon a cohort 
of healthy children from Boston Children’s 
Hospital. Clinical outcomes (Fig.  34.1 ), echo-
cardiographic measurements, and clinical char-
acteristics did not differ greatly between the two 
cohorts. Therefore, data from the cohorts were 
combined for most analyses.

   From 2005 to 2010, 394 children were 
enrolled in a new prospective cohort from 
which blood and tissue samples were collected 
for analysis. The primary goal of studying this 
new cohort was to estimate associations between 
clinical outcomes and functional types of cardio-
myopathy with physical and psychosocial func-
tioning and genetic and viral status (Table  34.3 ). 
All newly enrolled children were tested for the 

   Table 34.2    Exclusion criteria for enrollment in the 
Pediatric Cardiomyopathy Registry   

 Endocrine disease known to cause heart muscle disease 
(including infants of diabetic mothers) 
 History of rheumatic fever 
 Toxic exposures known to cause heart muscle disease 
(e.g., anthracyclines, mediastinal radiation, iron overload, 
or heavy metal exposure) 
 HIV infection or born to an HIV positive mother 
 Kawasaki disease 
 Congenital heart defects unassociated with malformation 
syndromes (e.g., valvular heart disease or congenital 
coronary artery malformations) 
 Immunologic disease 
 Invasive cardiothoracic procedures or major surgery 
during the preceding month, except those specifi cally 
related to cardiomyopathy, including left ventricular 
assist devices, extracorporeal membrane oxygenation, 
and automatic implanted cardioverter defi brillator 
placement 
 Uremia, active or chronic 
 Abnormal ventricular size or function that can be 
attributed to intense physical training or chronic anemia 
 Chronic arrhythmia, unless the inclusion criteria were 
documented before the onset of the arrhythmia (except 
that a patient with chronic arrhythmia, subsequently 
ablated, whose cardiomyopathy persists after 2 months 
is not to be excluded) 
 Malignancy 
 Pulmonary parenchymal or vascular disease (e.g., cystic 
fi brosis, cor pulmonale, or pulmonary hypertension) 
 Ischemic coronary vascular disease 
 Age 18 years or younger 
 Association with drugs known to cause hypertrophy 
(e.g., growth hormone, corticosteroids or cocaine) 

  Fig. 34.1    Freedom from death or transplant for 1,426 
children with dilated cardiomyopathy. Data are from 491 
children in the retrospective cohort and 935 children in the 
prospective cohort of the Pediatric Cardiomyopathy 
Registry and were collected between 1990 and 2002. The 
groups did not differ on this endpoint (P = 0.71) (Reprinted 
from Towbin et al. [ 5 ]. Copyright © 2006 American 
Medical Association. All rights reserved)       
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G4.5 mutation. The G4.5 gene encodes to the 
protein taffazin, and mutations of this gene are 
associated with Barth syndrome, a cause of 
dilated cardiomyopathy [ 10 – 12 ]. Also, in this 
cohort more detailed data on medications, echo-
cardiography, and other cardiac studies were col-
lected than ever before. From a subset of these 
children, biopsies were taken to assess the preva-
lence of viral cardiomyopathy using polymerase 
chain reaction.

       The Epidemiology 
of Cardiomyopathy 

    The Incidence of Pediatric 
Cardiomyopathy 

 In the early stages of the PCMR, nearly 500 
children were enrolled from the two major geo-
graphic regions. Lipshultz et al. estimated that 
fewer than fi ve cases of cardiomyopathy were 
missed per year in these two regions [ 13 ]. The 
same study estimated the annual incidence of 
pediatric cardiomyopathy in the United States to 
be 1.13 cases per 100,000 children age birth to 
18 years, an incidence similar to registry-based 
reports from Finland and Australia [ 14 ,  15 ]. 

 The annual incidence was much higher in 
infants under the age of 1 year with 8.34 cases 
per 100,000 children. The incidence in boys 
was higher than that in girls (1.32 vs. 0.92 cases 
per 100,000; P < 0.001), and the incidence in 

blacks was higher than that in whites (1.47 vs. 
1.06 cases per 100,000; P = 0.02). The incidence 
was also higher in the New England region than 
in the Central Southwest region (1.44 vs. 0.98 
cases per 100,000; P < 0.001). By type, DCM 
was the most common phenotype at 51 % of 
all cases, followed by: HCM (42 %), RCM and 
mixed HCM/RCM (3 %), and idiopathic (4 %). 
The same variations by sex, race, and geographic 
region reported above were seen in these func-
tional types. 

 Unforeseen features in the original protocol 
may have resulted in underestimating the over-
all incidence of cardiomyopathy. Children pre-
senting with sudden death may not have been 
properly identifi ed because pathologist and 
medical examiner reports were not examined in 
the PCMR protocol through 2005. In addition, 
the PCMR defi nition of cardiomyopathy relies 
on clinically present disease. Therefore, children 
with asymptomatic left ventricular (LV) dysfunc-
tion may also not have been identifi ed during this 
period.  

    Genetic and Viral Associations 

 The PCMR provides a unique opportunity to 
examine genetic causes of cardiomyopathy. 
Preliminary analyses found that variants of the 
G4.5 mutation of the taffazin (TAZ) gene were 
about equally prevalent in boys (25 %) and in 
girls (22 %) (Table  34.4 ) [ 16 ]. A variant was 
found in 7 % of males who were identifi ed as 
having Barth syndrome. In children without a 
diagnosis of Barth syndrome, variants of uncer-
tain importance were found in all four functional 
cardiomyopathy groups: HCM (20 %), DCM 
(24 %), RCM (30 %), and in children with mixed 
phenotypes (18 %).

   Polymerase chain reaction analyses of myo-
cardial tissue samples from 44 children in 
the PCMR were also examined. Two (4.5 %) 
children were positive for Epstein-Barr virus, and 
six (13.6 %) were positive for parvovirus. Tests 
for cytomegalovirus, adenovirus, and enterovi-
rus, among other viruses, were negative.  

   Table 34.3    Specifi c aims of the current PCMR study: 
2005–2010   

 Specifi c 
aim 1 

 To integrate the PCMR and the Pediatric 
Heart Transplant Study Group (PHTS) 
databases to examine whether and how 
cardiac transplantation modifi es the clinical 
course of cardiomyopathy in children 

 Specifi c 
aim 2 

 To establish the longitudinal course of 
functional status in children with 
cardiomyopathy and to determine the 
relationship of this course to clinical events 
and outcomes 

 Specifi c 
aim 3 

 To investigate how genetic and viral markers 
of cardiomyopathy are associated with 
clinical and functional outcomes 
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    Outcomes of Cardiomyopathy by 
Phenotype 

 Analyses of the database have estimated the rates 
of cause-specifi c outcomes (death and heart trans-
plantation) and of predictors for these outcomes. 

    Dilated Cardiomyopathy 
 In a study of more than 1,400 children with 
DCM, 1- and 5-year rates of death or heart trans-
plantation were 31 and 46 %, respectively [ 5 ]. 
However, these rates varied widely by the cause 
of the disease (Fig.  34.2 ). Survival rates were bet-
ter in children under the age of 6 years than in 
older children (P < 0.001). After excluding chil-
dren with neuromuscular disease or inborn errors 

of metabolism, congestive heart failure (CHF) 
at diagnosis and decreased left ventricular frac-
tional shortening (LVFS) z-score predicted either 
death or transplant in children with idiopathic 
dilated cardiomyopathy with increased risk at 
older ages of diagnosis. However, an increased 
LV end-diastolic dimension (LVEDD) z-score 
was associated with transplantation but not mor-
tality, whereas a lower height-for-age z-score was 
associated only with mortality for children with 
idiopathic dilated cardiomyopathy (IDCM) [ 17 ].

   For children with DCM and neuromuscular 
disease, a lower LVFS z-score was associated 
with both death and transplant, whereas a higher 
LVEDD z-score was associated only with trans-
plantation. Older age at diagnosis, CHF, and 
increased LVEDD z-score were associated with 
an increased risk of both death and transplanta-
tion for children with myocarditis, whereas the 
risk of both outcomes was increased equally for 
children with familial DCM who had CHF and 
lower LVFS z-scores. Thus, outcomes for chil-
dren with DCM depend on an aggregate of age at 
diagnosis, cause, and heart failure at presentation. 
Although disease-specifi c therapies are available, 
most children present without an identifi able 
cause, which limits the therapies’ usefulness. 

 Left ventricular dysfunction at presentation 
predicts death or transplantation in children with 
DCM, but the relationship between progressive 
LV dilation and wall thinning to death or transplant 
in this population was not well studied before the 
PCMR was established [ 18 ]. Analysis of data from 
the PCMR comparing LVFS, LVEDD, and LV 

  Fig. 34.2    Freedom from death or transplantation for 
1,423 children with dilated cardiomyopathy, by cause. 
Data are from the Pediatric Cardiomyopathy Registry col-
lected between 1990 and 2002 (Reprinted from Towbin 
et al. [ 5 ]. Copyright © 2006 American Medical 
Association. All rights reserved)       

   Table 34.4    G4.5 gene variants found in 37 of 160 children enrolled in the Pediatric Cardiomyopathy Registry a    

 Sex  n/N (%) 
 Hemizygous
SNP, n/N (%) 

 Intronic substitution,
SNP, n/N (%) 

 Missense substitution,
unclassifi ed, n/N (%) 

 Hemizygous
mutation a , n/N (%) 

 Boys  27/110 (25) b   22/27 (81)  24/27 (89)  3/27 (11)  2/27 (7) 
 Girls  10/48 (22) b   3/10 (30)  10/10 (100)  0/10 (0)  0/10 (0) 

  Reprinted with permission from Towbin et al. [ 16 ] 
  a The number of children with G4.5 gene variants as a proportion of all children with the same diagnosis were: 9 of 45 
(20 %) children with hypertrophic cardiomyopathy; 19 of 79 (24 %) with dilated cardiomyopathy; 3 of 10 (30 %) with 
restrictive cardiomyopathy; 4 of 22 (18 %) with other or mixed forms of cardiomyopathy; and 2 of 2 with unknown 
forms 
  b Causes of cardiomyopathy in boys included, two with Barth syndrome, two with probable myocarditis, one with Cori 
Disease, one with Noonan syndrome, one with familial DCM, and six with idiopathic disease; causes in girls included, 
two with familial HCM, two with confi rmed myocarditis, and six with idiopathic disease. Children with Barth syn-
drome each had two variants, denoted here as hemizygous mutations (hemizygous SNPs were not counted)  
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posterior wall thickness z-scores at baseline and up 
to 12 months later showed that children with DCM 
who survived 1 year had a higher baseline LVFS 
z-score and a lower baseline LVEDD z-score [ 18 ]. 
In addition, although baseline wall thickness did 
not differ between children who survived and chil-
dren who died or received transplants, the LV pos-
terior wall thickness- to-dimension ratio decreased 
among those who died or received a transplant and 
increased in those who survived 12 months. In 
Cox regression analysis, decreased thickness-to- 
dimension ratio predicted death or heart transplant 
after 12 months. In addition, a lower median LVFS 
z-score over time and an increase in LVEDD 
z-score during the fi rst year after diagnosis pre-
dicted death or transplant in multivariate model-
ing. These parameters as well as increased wall 
thinning may be important predictors for poorer 
outcomes in children with DCM. 

 The outcomes of children with IDCM are 
often poor, yet some children show normalization 
of ventricular size and systolic function. In one 
study of the PCMR, echocardiographic character-
istics returned to normal in 22 % of children with 
IDCM within 2 years of diagnosis [ 19 ]; median 
time to normalization was 9 months. Independent 
predictors of this recovery within 2 years were 
younger age and lower LV dilation at diagnosis. 
However, about 9 % of these children eventually 
died or underwent transplantation, indicating that 
follow-up of these children may be warranted. 

 Children with dilated cardiomyopathy are at 
a lower risk for sudden cardiac death (SCD) than 
are adults with non-ischemic, dilated cardiomy-
opathy. Only 13 % of these children in the PCMR 
experienced SCD [ 20 ]. Randomized trials have 
found that automatic implantable cardioverter- 
defi brillators improve survival in adults with non-
ischemic cardiomyopathy [ 21 – 23 ]. However, 
there are no established criteria for using defi bril-
lators in children with DCM to prevent sudden 
death. One analysis of the PCMR showed that the 
5-year cumulative incidence of SCD in children 
with DCM was 2.4 % [ 20 ]. Children with CHF at 
diagnosis, as well as those taking anti-arrhythmic 
medications, were at higher risk for SCD. This 
analysis developed a risk stratifi cation model to 
aid in identifying children with DCM at high risk 

for SCD. The model included an LV end-systolic 
dimension (LVESD) z-score greater than 2.6, age 
at diagnosis less than 14.3 years, and a LV poste-
rior wall thickness to LVEDD ratio less than 0.14. 
The sensitivity and specifi city of this model were 
86 and 57 %, respectively. Children with DCM 
who consistently meet all these criteria should be 
considered for a defi brillator.  

    Hypertrophic Cardiomyopathy 
 In children with HCM, data from the PCMR 
showed that outcomes varied greatly by age at 
diagnosis and cause (Figs.  34.3  and  34.4 ) [ 24 ]. 
The worst outcomes were in children who pre-
sented with inborn errors of metabolism, in 
whom the rate of death or transplant was 57 % 
at 2 years [ 25 ]. In addition, children with mixed 
types of cardiomyopathy also had poor outcomes, 
with rates of death or transplant at 2 years of 45 % 
for children with HCM and DCM and 38 % for 
children with HCM and RCM. The 2-year rate of 
death or transplant in children with HCM and a 
malformation syndrome was 23 %. Age at diag-
nosis was a risk factor among children with HCM; 
children diagnosed before age 1 year had a 2-year 
rate of death or transplant of 21 %. Children who 
survived to age 1 year had a 1 % mortality rate 
regardless of time of diagnosis.

    Each of the cause-specifi c forms of pediatric 
HCM had unique risk factors for poor outcomes 
[ 25 ]. In general, these risk factors included 
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  Fig. 34.3    Freedom from death or transplantation for 855 
children with idiopathic hypertrophic cardiomyopathy, by 
age at diagnosis. Data are from the Pediatric 
Cardiomyopathy Registry collected between 1990 and 
2002 (Reprinted with permission from Colan et al. [ 24 ])       
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younger age at diagnosis, lower weight, presence 
of CHF at diagnosis, an increased LV posterior 
wall thickness z-score, and a decreased LVFS 
z-score. For all HCM subgroups by functional 
type and cause, the risk of death or transplanta-
tion was signifi cantly increased by the presence 
of two or more of these risk factors. Further, the 
risk of a poor outcome also increased as the num-
ber of risk factors increased (Fig.  34.5 ) [ 25 ].

       Restrictive Cardiomyopathy 
 Restrictive cardiomyopathy can occur in isolation 
or in combination with HCM. It is the least com-
mon form of cardiomyopathy, comprising only 
4.5 % of all cardiomyopathies in the PCMR [ 26 ]. 
Cases of mixed RCM-HCM comprised roughly 
33 % of all restrictive cardiomyopathies in the 
PCMR, and a family history of cardiomyopathy 
was present in nearly 25 % of RCM cases. 

 The outcomes of this phenotype are the worst 
of all the pediatric cardiomyopathies, especially 
for children who have not received a heart trans-
plant. Overall, the 5-year survival of patients 
with either pure RCM or the mixed RCM-HCM 
phenotype was 68 %. However, transplant-free 
survival is much lower; 5-year transplant-free 
survival was 28 % for RCM and 43 % for the 
mixed RCM-HCM phenotype. In addition, 
transplant- free survival was worsened by the 
presence of CHF, a decreased LVFS z-score, and 
an increased LV posterior wall thickness z-score.  

    Left Ventricular Non-compaction 
 Left ventricular non-compaction is rare in children, 
accounting for only 4.9 % of the cardiomyopa-
thies recorded in the PCMR [ 27 ]. This phenotype 
is a clinically heterogeneous  cardiomyopathy and, 
like RCM, can occur in association with other 
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  Fig. 34.4    Survival rates from the date of diagnosis of 
cardiomyopathy in children with ( a ) inborn errors of 
metabolism (N = 74, logrank P < 0.001); ( b ) malforma-
tion syndromes (N = 77, logrank P = 0.07); ( c ) neuro-

muscular disease (N = 64, logrank P = 0.22), and ( d ) 
idiopathic hypertrophic cardiomyopathy (N = 634, logrank 
P < 0.001), by age at diagnosis (Reprinted with permission 
from Colan et al. [ 24 ])       
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 phenotypes or in isolation. There is no clear con-
sensus on the cause or diagnosis; however, echo-
cardiographic fi ndings are most widely accepted 
criteria for making the diagnosis. This disease is 
more often diagnosed in infancy and less likely 
to be idiopathic than are other cardiomyopathy 
phenotypes. Children in the PCMR with this 
phenotype and preserved systolic function have 
better 1- and 5-year outcomes than those of chil-
dren with other cardiomyopathies, apart from 
HCM. However, a decreased LVFS z-score is a 
strong predictor for death or transplant.   

    Outcomes of Cardiomyopathy 
by Cause  

 The PCMR has also allowed the pediatric cardio-
myopathies to be characterized by cause in addition 
to functional type. The cause is largely unknown for 
many cases of cardiomyopathy [ 5 ]. Children with 

a known cause of cardiomyopathy were believed 
to have characteristics that would distinguish them 
from children with idiopathic disease. Identifying 
the variables associated with a causal diagnosis 
could lead to improved diagnostic strategies and 
improved outcomes for these patients. 

 In one analysis of PCMR data, only one-third 
of cases had a cause identifi ed at the time of 
diagnosis [ 28 ]. The proportion of cases without a 
known cause did not differ substantially between 
1990 and 1999, indicating little improvement in 
the ability to establish a causal diagnosis dur-
ing that time period. The rates of causal diagno-
ses also did not differ signifi cantly between the 
four functional types of cardiomyopathy: HCM, 
DCM, RCM, and other/mixed cardiomyopathy. 
Children with a family history of cardiomyopa-
thy were more likely to have a causal diagnosis 
assigned, regardless of functional type. In addi-
tion, a family history of sudden death or a genetic 
syndrome was also associated with having a 
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  Fig. 34.5    Risk of death or transplant in 882 chil-
dren with hypertrophic cardiomyopathy, by number of 
cause- specifi c risk factors. Data are from the Pediatric 

Cardiomyopathy Registry collected between 1990 and 
2002 (Reprinted from Lipshultz et al. [ 25 ], copyright 
2013, with permission from Elsevier)       
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known cause of cardiomyopathy for children 
with either HCM or DCM. 

 Certain patient characteristics were signifi -
cantly associated with receiving a causal diag-
nosis, although these characteristics differed by 
type of cardiomyopathy [ 28 ]. For patients with 
HCM, female sex, lower height and weight for 
age, and increased left ventricular posterior wall 
thickness independently predicted receiving a 
causal diagnosis. For children with DCM, the 
rate of causal diagnosis did not differ by sex; 
however, children with a known cause of DCM 
were more likely to be older at diagnosis, to have 
smaller LV dimensions, and to have greater LVFS 
z-scores. Multivariate modeling found that chil-
dren with HCM who had undergone metabolic 
blood and urine tests were four times more likely 
to have a causal diagnosis than children who did 
not undergo these tests. Furthermore, both endo-
myocardial biopsy and viral serology or culture 
independently predicted the establishment of a 
causal diagnosis for patients with DCM. This 
suggests that although available testing may cur-
rently be underused, increasing such testing may 
help identify a causal diagnosis in more patients. 

 Further examinations of PCMR data have 
confi rmed that most cases of pediatric HCM 
and DCM lack a causal diagnosis [ 5 ,  24 ]. In one 
study, a known cause of disease was identifi ed in 

only 34 % (N = 485) of children with DCM; the 
cause was myocarditis in 16 %, a neuromuscular 
disorder in 9 %, familial cardiomyopathy in 5 %, 
inborn errors of metabolism in 4 %, and malfor-
mation syndrome in 1 % [ 5 ]. In the same study, 
only 26 % (N = 215) of children with newly diag-
nosed HCM had a known cause of disease (9 % 
with a malformation syndrome, 9 % with inborn 
errors of metabolism, and 8 % with a neuromus-
cular disorder) [ 24 ]. For both groups, the preva-
lence of CHF varied greatly by type and cause 
of cardiomyopathy (Tables  34.5  and  34.6 ). At 
diagnosis, CHF was present in 71 % of children 
with DCM but in only 13 % of children with 
HCM [ 5 ,  24 ]. Children with DCM also presented 
with severely depressed left ventricular fractional 
shortening, regardless of cause (Table  34.5 ).

    Neuromuscular disorders account for approxi-
mately 26 % of patients with a known cause of 
DCM within the PCMR [ 5 ]. Most children in the 
registry with neuromuscular disorders had one 
of two common types of muscular dystrophy, 
Duchenne (DMD) or Becker (BMD). Before the 
PCMR, the characteristics, development of car-
diomyopathy, and outcomes had not been well 
studied in these patients [ 29 ]. Data from the 
PCMR were used to determine whether outcomes 
differed between children with either form of 
muscular dystrophy or from children with other 

    Table 34.5    Prevalence of congestive heart failure and median fractional shortening z-scores for 1,426 children with 
dilated cardiomyopathy at the time of diagnosis   

 Cause of DCM  Heart failure at diagnosis (%) 
 Fractional
shortening z-score (IQR) 

 Idiopathic (N = 941)  74  −9.62 (−11.42 to −7.16) 
 Myocarditis (N = 222)  84  −9.11 (−11.05 to −6.67) 
 Neuromuscular disorders (N = 125)  35  −5.88 (−8.02 to −3.32) 
 Familial (N = 66)  53  −7.07 (−9.63 to −3.68) 
 Inborn errors of metabolism (N = 54)  60  −8.94 (−10.30 to −5.33) 
 Malformation syndromes (N = 15)  67  −5.95 (−9.49 to −5.10) 

  Data are from the Pediatric Cardiomyopathy Registry  

   Table 34.6    Prevalence of congestive heart failure and mean fractional shortening z-scores for 849 children with hyper-
trophic cardiomyopathy at the time of diagnosis   

 Cause of HCM  Heart failure at diagnosis (%)  Fractional shortening z-score (SD) 

 Inborn errors of metabolism (N = 74)  40.3  −1.11 (5.65) 
 Malformation syndromes (N = 77)  23.4  5.42 (4.31) 
 Neuromuscular disorders (N = 64)  6.4  3.01 (3.40) 
 Infantile (N = 634)  9.9  3.62 (5.15) 

  Data are from the Pediatric Cardiomyopathy Registry  
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non-neuromuscular dilated cardiomyopathies 
(ODCM) [ 30 ]. All children with DMD and BMD 
included in the study had dilated cardiomyopa-
thy, whereas the ODCM group included children 
with myocarditis and idiopathic dilated cardio-
myopathy. Age at diagnosis of cardiomyopathy 
and rates of CHF at diagnosis were similar in 
children with DMD and BMD. Five-year survival 
was lower for children with DMD (57 %) than 
for those with BMD (100 %) or ODCM (71 %). 
However, children with BMD had a higher trans-
plant rate than that of those with DMD. 

 Outcomes were also compared between chil-
dren with ODCM and those with either type of 
neuromuscular disorder (BMD and DMD com-
bined) [ 30 ]. Children in the combined DMD and 
BMD group had less LV dilation and higher LVFS 
z-scores at cardiomyopathy diagnosis than did those 
with ODCM [ 30 ]. Two years after cardiomyopathy 
diagnosis, LV dilation increased for children with 
DMD and BMD, but not for those with ODCM. In 
contrast, LVFS improved in the ODCM group dur-
ing the same time period, but remained unchanged 
in the combined DMD and BMD group. 

 Although generally considered distinct dis-
eases, myocarditis also often presents with DCM 
[ 31 – 33 ]. In one analysis of the PCMR, myocarditis 
was the leading cause of cardiomyopathy, account-
ing for 29.2 % of cases with a known cause [ 28 ]. 
For DCM in particular, myocarditis accounted for 
47 % of cases with a known cause. Established 
histopathologic criteria were thought to have low 
sensitivity for the diagnosis of myocarditis [ 34 ]. 
However, an analysis of the PCMR found that time 
to death, transplantation, and echocardiographic 
normalization did not differ between children 
with biopsy-confi rmed myocarditis ([BCM]; i.e., 
diagnosed clinically and with biopsy confi rma-
tion) and those with probable myocarditis ([PM]; 
i.e., clinical diagnosis of myocarditis alone or with 
inconclusive or nondiagnostic biopsy results) [ 35 ]. 
The proportion of death or transplant did not dif-
fer between children with BCM and PM 3 years 
after diagnosis, but were signifi cantly lower than 
those for children with IDCM. During the same 
time period, nearly half of those with BCM or PM 
achieved echocardiographic normalization, and 
the proportion of echocardiographic normaliza-
tion was signifi cantly higher than for children with 
IDCM. These fi ndings suggest better outcomes 

for children with myocarditis than those with 
IDCM. In children with myocarditis, lower LVFS 
z-scores at time of presentation predicted greater 
mortality, and greater left ventricular posterior 
wall thickness predicted transplantation. 

 Familial isolated cardiomyopathy, defi ned as 
having two or more family members with a his-
tory of cardiomyopathy, accounted for 24 % of 
cases with a known cause in the PCMR. DCM 
accounted for 34 % of these cases. Studies com-
paring outcomes in patients with familial dilated 
cardiomyopathy (FDCM) and outcomes in 
patients with IDCM have had confl icting results 
[ 5 ,  17 ]. With data from the PCMR, survival rates 
were compared between patients with FDCM and 
IDCM with no family history of cardiomyopathy. 
Freedom from death or transplantation was sig-
nifi cantly higher in patients with FDCM (1-year 
survival, 87 %) than in patients with IDCM 
(1-year survival, 60 %). Patients with FDCM 
were less likely to present with heart failure and 
had higher ejection fractions, lower LV mass, 
LVESD, and LVEDD z-scores. Multivariate 
analyses found that LVEDD z-score at diagnosis 
independently predicted increased risk of death 
or transplant in patients with FDCM [ 36 ]. 

 Mitochondrial disorders can present as either 
HCM or DCM in children [ 28 ]. Within the PCMR, 
only a few patients had undergone skeletal muscle 
biopsy to confi rm mitochondrial disease [ 37 ]. In 
40 % (N = 99) of these children, the mitochondrial 
disorder was diagnosed more than 30 days after 
presentation with cardiomyopathy. Nearly half of 
the patients had unspecifi ed mitochondrial disease; 
the most common classifi cation of mitochondrial 
disease was Barth syndrome (27 %). Mitochondrial 
disorders can occur with all functional types of 
cardiomyopathy. However, of children with both 
mitochondrial disease and cardiomyopathy, 49 % 
had DCM at diagnosis, whereas 26 % had HCM at 
diagnosis. Patients with HCM had the poorest sur-
vival rates (2-year survival, 51 %). Furthermore, a 
diagnosis of cardiomyopathy before 1 year of age 
was a signifi cant risk factor for death in children 
with HCM and mitochondrial disease. 

 Hypertrophic cardiomyopathy is often present in 
patients with Noonan syndrome (NS) [ 38 ], the sec-
ond most common syndromic cause of congestive 
heart disease [ 39 ]. The incidence of HCM in all NS 
cases is between 20 and 30 % [ 38 ,  40 ,  41 ]. Before the 
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PCMR, few studies compared outcomes of children 
with NS and HCM to those of children with other 
causes of HCM. Analysis of the PCMR revealed that 
51 % of children with NS and HCM were diagnosed 
before age 6 months—a larger percentage than were 
children with other causes of HCM (28 %) [ 42 ]. 
Children with NS were also nearly three times as 
likely to present with CHF. Crude 3-year mortality 
rates for children with NS and HCM were higher 
than for those with other causes of HCM (26 % vs. 
11 %). However, after adjusting for age at diagnosis 
and congestive heart failure, survival did not differ 
signifi cantly between these two groups. 

 Within the NS cohort, the presence of CHF and 
age at diagnosis were important risk factors for mor-
tality [ 42 ]. Survival was lower when CHF was pres-
ent at cardiomyopathy diagnosis (1-year survival, 
34 % vs. 90 %). Children with NS and HCM who 
presented before 6 months of age had a signifi cantly 
higher rate of early mortality than that of those who 
presented after 6 months (1 year survival, 36 % vs. 
96 %, respectively). Furthermore, for children who 
presented before 6 months of age and with CHF, 
1-year survival was only 31 %. Other independent 
predictors of poor outcomes in patients with NS 
and HCM included a decreased LVFS z-score, and 
a lower height-for- age z-score. The risk profi le of 
children presenting with HCM and NS, as well as 
the high mortality if diagnosed at an earlier age and 
when CHF is present, may warrant aggressive treat-
ment and potential listing for transplantation.   

    Treating Pediatric Cardiomyopathy 

 Treatment for heart failure associated with car-
diomyopathy includes pharmacologic interven-
tions (such as anti-heart failure medications, 
angiotensin-converting enzyme inhibitors, and 
beta-blockers), mechanical support, and cardiac 
transplantation. 

    Medical Treatment of Pediatric 
Cardiomyopathy 

 Pharmacological treatments for children with 
IDCM and heart failure enrolled in the PCMR 

were examined over two time periods to identify 
treatment patterns. Treatments begun at diagno-
sis for children with IDCM diagnosed between 
1990 and 1995 in the retrospective cohort were 
compared to those of similar children diagnosed 
between 2000 and 2006 in the prospective cohort 
[ 43 ]. Although clinical treatment of children with 
IDCM varies widely, treatments had changed little 
over the 16 years of this study. The use of anti-
heart- failure therapy (with digoxin, a diuretic, or 
both) within 1 month of diagnosis did not vary 
greatly between the two time periods (84 % in 
the retrospective cohort and 87 % in the prospec-
tive cohort). Similarly, the percentage of children 
started on an angiotensin converting enzyme 
inhibitor (ACE-I) was similar between the two 
cohorts (66 and 70 %, respectively). Conversely, 
beta-blocker use increased from 4 to 18 % over 
the two time periods. Anti-heart-failure and ACE-I 
therapy were most often given to children with 
worsening LV dilation and LVFS. Current guide-
lines recommend treating nearly all heart failure 
patients with ACE-I therapy; anti-heart- failure 
therapy is recommended solely for children with 
symptomatic heart failure [ 44 ]. Despite these rec-
ommendations, only 47 % of patients with asymp-
tomatic left ventricular dysfunction were started 
on ACE-1 therapy, although 60 % of these patients 
were treated with anti-heart-failure therapy.  

    Surgical Treatment of Pediatric 
Cardiomyopathy 

 Children with a diagnosis of cardiomyopathy 
have limited surgical options. For most children 
with end-stage cardiomyopathy, heart transplan-
tation remains the only option for long-term sur-
vival [ 45 ]. The Pediatric Heart Transplant Study 
(PHTS) Group collects data on children from the 
time they are listed for transplant. In an analysis 
of their database, 10-year survival after the time 
of listing for patients with cardiomyopathy was 
66 % [ 46 ]. However, despite the relative success 
of surgery, mortality remained quite high in some 
groups of patients between listing and trans-
plantation [ 45 ]. Mechanical support has increas-
ingly been used to improve outcomes during 
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this  waiting period [ 47 ]. The problem remains, 
however, that the availability of ventricular assist 
devices (VADs) for infants and small children is 
still quite limited [ 47 ]. 

 The PCMR is limited in its ability to assess 
children after heart transplantation or until the 
time of death post-transplant. In an attempt to 
incorporate transplant-related outcomes, the 
PCMR data were merged with the PHTS data. 
This merge allowed us to follow patients from 
the time of diagnosis of cardiomyopathy until 
after transplant. These combined data were used 
to assess whether different levels of heart failure 
severity affected survival before and after trans-
plant [ 48 ]. 

 For children who did not require mechanical 
or circulatory support (severity score 0) at the 
time of listing, mortality primarily occurred after 
transplantation. However, these children often 
deteriorated after listing, and therefore required 
increased support. A history of cardiac surgery 
was signifi cantly associated with increased sever-
ity in children with a severity score of 0 in the 
short term, whereas a lower LV mass z-score was 
associated with an increased risk of deterioration 
2–5 months after listing. In children who required 
intravenous inotropic drugs (severity score 1), 
death occurred both before and after heart trans-
plant with relatively equal frequency. In contrast, 
for children who required mechanical or circu-
latory support (severity score 2), death primarily 
occurred while waiting for transplantation. This 
fi nding, which is similar to that in adults [ 49 – 51 ], 
suggests that in children with cardiomyopathy 
and higher severity scores at listing, transplan-
tation provides a survival advantage that is not 
observed in children who do not require the same 
level of support. 

 In the combined PHTS and PCMR dataset, 
most patients who received a heart transplant had 
DCM [ 52 ]. In a separate analysis of these patients 
[ 53 ], those listed for transplant had a median 
age at diagnosis of 3.4 years and a median age 
at transplantation of 4.4 years. Pre-transplant 
mortality was 11 %. Among all patients listed 
for heart transplant, 30 % were ventilator-depen-
dent at listing. Mechanical ventilation, as well as 
older age at listing for children not on mechanical 

ventilation, was associated with mortality while 
waiting for transplantation. Non-white race and 
lower LVEDD z-score were associated with 
poorer outcomes after transplant. Although most 
children with myocarditis do not require a heart 
transplant, the post-transplantation outcomes for 
those diagnosed with myocarditis were worse 
than for children without myocarditis, suggest-
ing that infectious or immune mechanisms may 
affect graft survival and patient mortality [ 53 ]. 

 Although heart transplantation was most com-
mon among patients with DCM in the combined 
dataset, only a proportion of these children are 
listed for transplant. Therefore, any factors that 
increase the risk of death in children with DCM 
after listing for heart transplant are of concern. 
In children diagnosed with DCM before 5 years 
of age, LV dilation at listing for heart transplant 
was signifi cantly associated with a higher risk 
of death while waiting for transplant or within 
6 months after receiving a transplant [ 54 ]. This 
association was strongest for children diagnosed 
with DCM before 6 months of age. Specifi cally, 
the risk of death while waiting for or within 6 
months after transplant for infants less than 6 
months of age was 5.8 times higher for every 
1 cm increase in LVEDD at the time of listing. 
Additionally, the risk of death 6 months after list-
ing for children less than 6 months of age with 
an LVEDD z-score above the median was 14 % 
higher than that for those with a z-score below 
median in the same age group. Thus, LV dila-
tion (measured as LVEDD z-score) is a potential 
predictor of death for infants and young children 
who are listed for heart transplant.   

    Nutritional Status of Children 
with Cardiomyopathy 

 Growth retardation and malnutrition are sig-
nifi cant clinical threats to children with car-
diomyopathy. Children from the PCMR with 
IDCM diagnosed before 1 year of age were 
more likely to have lower heights, weights, 
and body mass indices (BMI) than were older 
children with the same type of cardiomyopa-
thy [ 55 ]. In children diagnosed at an older age, 
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cardiac dysfunction was associated with lower 
height and lower BMI. Height was an indepen-
dent predictor of death for all children with 
IDCM, regardless of age.  

    Functional Status of Children 
with Cardiomyopathy 

 Before the PCMR, there was little information 
on how functional status of children with car-
diomyopathy compared to that of healthy chil-
dren. We administered two validated surveys, the 
Child Health Questionnaire and the Functional 
Status II(R) Parent Reports Instrument, to chil-
dren with cardiomyopathy at multiple PCMR 
centers, to obtain information on functional sta-
tus. Compared to healthy children, children with 
cardiomyopathy were signifi cantly impaired 
in physical functioning as well as in psycho-
social functioning, although to a lesser extent 
(Figs.  34.6  and  34.7 ) [ 56 ]. Socioeconomic vari-
ables independently predicted impaired func-
tional status. For example, higher total household 
income was independently associated with higher 
psychosocial functioning, whereas higher physi-
cal functioning was associated with having mar-
ried parents and higher parental education level.

    Impairments to functional status were also 
associated with cardiac size and function. Greater 
LV size was associated with poorer physical func-
tioning in children with DCM, whereas the ratio 
of LV posterior wall thickness to end- diastolic 
dimension was inversely associated with physi-
cal functioning in children with HCM. Poorer 
functional status predicted death or transplant 
in children with DCM and mixed or other car-
diomyopathy types, but not in children with 
HCM. Functional status was also positively asso-
ciated with longer time since diagnosis, suggest-
ing that many children may improve over time.  

    International Conferences 
on Pediatric Cardiomyopathy 

 The fi rst International Workshop on Idiopathic 
and Primary Pediatric Cardiomyopathies 
was organized by the PCMR investigators 
in 2007. More than 30 participants attended 
the conference, which was co-sponsored by 
the Children’s Cardiomyopathy Foundation and 
the NHLBI. The results of the conference were 
published in three issues of the journal  Progress 
in Pediatric Cardiology  [ 52 ,  57 – 92 ]. The Second 
International Conference on Cardiomyopathy in 
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Children was held in May 2010, with more than 
50 participants in attendance. Similar to the 2007 
conference, the results from the second confer-
ence were published in three issues of  Progress 
in Pediatric Cardiology  [ 45 ,  93 – 123 ]. A third 
conference is currently scheduled for May 2014.  

    Future Directions of the Pediatric 
Cardiomyopathy Registry 

 By continuing to collect follow-up data from 
children enrolled in the PCMR, we can refi ne 
the description of pediatric cardiomyopathy and 
its clinical course in even more detail. These data 
will also allow us to examine risk factors more 
closely and to determine their long-term utility in 
diagnosis, prognosis, and treatment. The useful-
ness of registry data in guiding clinical decision 
making is increasingly appreciated by research 
methodologists and is being made more useful by 
advances in analytic and statistical theory [ 4 ]. In 
2013, the PCMR investigators received two new 
awards from NHLBI which will use the PCMR 
research platform. The fi rst study is enrolling 
600 children with cardiomyopathy, and their 
parents, to have whole exome sequencing per-
formed. One aim is gene  discovery and the other 
is to establish genotype-phenotype  associations. 

The phenotypes of interest are functional type 
of cardiomyopathy, age at presentation, and 
survival patterns. The second study is currently 
enrolling 300–400 children with cardiomyopa-
thy and is periodically testing blood samples for 
a large panel of cardiac biomarkers. The associa-
tion of biomarker levels with the child’s clinical 
status, their survival patterns, and results of car-
diac imaging will be analyzed.  

    Conclusions 

 The PCMR—the largest pediatric cardiomy-
opathy registry in the world, contains clini-
cally important data on more than 3,500 cases 
of pediatric cardiomyopathy. Important con-
tributions have included refi ned estimates of 
the incidence and outcomes of the disease, 
identifi ed risk factors and predictors of out-
comes for children with several cause-specifi c 
forms of cardiomyopathy, identifi ed factors 
associated with making a causal diagnosis, 
and descriptions of the clinical care being pro-
vided to children with dilated cardiomyopathy.     
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     The fi rst large-scale initiative for public  reporting 
of hospital outcomes was the series of annual 
mortality reports released by the Health Care 

Financing Administration (HCFA, the predecessor 
of the Center for Medicare and Medicaid Services 
[CMS]). These mortality reports were released 
annually between 1986 and 1992 [ 1 ]. These stud-
ies used Medicare administrative data to assign 
medical and surgical patients into 17 groups (16 
diagnostic categories and “all patients”). Each 
group was analyzed separately and risk-adjusted 
mortality rates were  developed and released to the 
public for each hospital/group. The HCFA mor-
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tality reports were  discontinued in 1992 in the 
face of continuing criticism regarding the use and 
limitations of administrative data, the grouping of 
patients, and several other criticisms/concerns. 

 In 1989, in the wake of criticism of the HCFA 
studies, the New York State Department of 
Health (DOH) and its Commissioner, Dr. David 
Axelrod, were becoming increasingly concerned 
about the variation in hospital mortality rates for 
coronary artery bypass graft surgery among the 
hospitals with Certifi cate of Need approval to 
perform the procedure. There was roughly a fi ve-
fold variation in the annual in-hospital mortality 
rates for the procedure, but the only information 
available was the number of cases and number of 
deaths, and high mortality rate hospitals’ claim 
that they were treating the sickest patients could 
not be examined without more detailed infor-
mation. Because of the reaction to HCFA’s use 
of administrative data for evaluating hospital 
performance, DOH decided to create a patient-
level clinical database that could be used to 
assess institutional outcomes for CABG surgery 
while taking into account inter-hospital differ-
ences in patient acuity. Later studies conducted 
in New York confi rmed that administrative data 
and clinical data arrive at different assessments 
of hospital quality [ 2 ,  3 ]. 

 The New York State Department of Health 
and its Cardiac Advisory Committee (CAC) 
used the current literature to identify patient risk 
factors that were related to short-term adverse 
outcomes for CABG surgery, and these risk fac-
tors were included in the data system along with 
demographics, complications of care, admission 
and discharge dates, procedures performed, and 
patient disposition at discharge. The new regis-
try was used for the fi rst time to assess hospital 
performance in a 1990 manuscript published in 
the  Journal of the American Medical Association 
(JAMA)  [ 4 ]. This study identifi ed independent 
signifi cant risk factors for CABG/valve surgery 
in-hospital mortality, as well as the observed, 
expected and risk-adjusted mortality rates and 
volumes for all of the 28 hospitals (numbered 
from 1 to 28 but not named) in the state that were 
approved through Certifi cate of Need to perform 
these procedures [ 4 ]. On the same day that the 

 JAMA  paper was published, the Department 
released the names of the hospitals along with 
their risk-adjusted mortality rates to the  New 
York Times  [ 5 ]. The fi rst formal public report was 
issued in 1990, and the earliest one available on 
the web is for 1990–1992 data [ 6 ]. 

 Similar concerns by other regions and groups 
led to the establishment of public reporting for 
CABG surgery in Pennsylvania (using clini-
cally enhanced administrative data) shortly 
after the New York initiative [ 7 ]. The Veterans 
Administration, Northern New England, and 
the Society of Thoracic Surgeons also estab-
lished registries for CABG surgery in the 1990s, 
although those registries were not used for pub-
lic reporting. Later, New Jersey, California, and 
Massachusetts all developed CABG surgery reg-
istries and began publicly releasing hospitals’ 
risk-adjusted mortality rates [ 8 – 10 ]. New York 
and New Jersey also release risk-adjusted rates 
for surgeons. New York and Massachusetts also 
release risk-adjusted mortality rates for per-
cutaneous coronary interventions (PCI), and 
New York releases the same data for cardiac 
valve surgery. New York also releases physician- 
level data for PCI and valve surgery. 

 The following few sections describe and cri-
tique peer-reviewed studies that have assessed 
the impact of these public releases with regard 
to quality improvement activities resulting from 
public reporting, improvement in health out-
comes, surgeon reactions to outlier status, avoid-
ance of high-risk patients, ability to predict future 
performance, and market share. The communica-
tion closes with a summary of the state of public 
reporting and prospects for the future. 

    Hospital Quality Improvement 
Activities Triggered by Public 
Reporting 

 There have been several reported hospital- 
specifi c quality improvement initiatives related 
to the release of risk-adjusted outcomes informa-
tion. All of these reports come from New York. 
St. Peter’s Hospital in Albany. N.Y. was identi-
fi ed as having signifi cantly higher than expected 
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mortality in the early years of the program (1991 
and 1992). The excess mortality was found to 
be a result of emergency cases, for which St. 
Peter’s experienced a 26 % mortality rate com-
pared with a 7 % rate for the state. Other cases at 
St. Peter’s had roughly the same mortality as the 
statewide rate. After a multidisciplinary review 
of care for emergency patients, St. Peter’s found 
that the patients were not being suffi ciently stabi-
lized prior to surgery. This led to major changes 
in the care management for these patients, and 
 consequently in 1993 there were no deaths in the 
54 emergency patients who underwent CABG 
surgery [ 11 ]. 

 Winthrop Hospital had one of the highest risk- 
adjusted mortality rates in the state in the fi rst 
public report, and a site visit commissioned by 
the DOH led to probation for Winthrop’s cardiac 
surgery program. As a result, the hospital hired 
a new chief of cardiac surgery, who made sev-
eral changes, including concentrating the service 
on a single fl oor, hiring clinical nurse specialists 
and physician assistants who were dedicated to 
cardiac surgery, reviewing each case pre-oper-
atively, and installing a dedicated cardiac anes-
thesia service [ 12 ]. Winthrop’s risk-adjusted 
mortality rate fell considerably from 9.2 to 4.6 to 
2.3 % between 1989 and 1991 [ 6 ]. 

 Erie County Medical Center also experi-
enced high-risk adjusted mortality in the early 
years of the program, and it had the highest 
risk-adjusted mortality in the state for the fi rst 6 
months of 1989. A site visit by the CAC resulted 
in several recommended changes and the hos-
pital voluntarily suspended operations in 1990 
to implement these recommendations. Some of 
the changes that were implemented included 
the establishment of a cardiac surgery quality 
assurance program, credentialing and ongoing 
evaluation of surgeon performance, dedicated 
cardiac anesthesiologists and cardiac intensive 
care beds, and the recruitment of a permanent, 
full-time service chief [ 12 ]. The new chief of 
cardiac surgery hired new operating room (OR) 
nurses, cardiopulmonary bypass technicians, 
and intensive care staff who were all dedicated 
to cardiothoracic surgery. The hospital’s risk-
adjusted mortality dropped from 7.31 % in 

1989–1991 to 2.51 % in 1993–1995, slightly 
lower than the statewide average of 2.57 %. 
The annual volume of just over 100 cases rose 
to 219 cases per year in the 1996–1998 time 
period, and the mortality dropped further to 
1.77 % [ 6 ,  12 ,  13 ].  

    Changes in Cardiac Outcomes 

 A few studies that have examined the change in 
short-term CABG surgery mortality following 
the public release of CABG surgery data. In the 
early days of New York’s system, Hannan et al. 
found that the in-hospital mortality for CABG 
patients decreased from 3.52 % in 1989 to 
2.78 % in 1992. After risk-adjustment to refl ect 
differences across the years in patient severity of 
illness, this decrease was assessed to be 41 %, a 
decrease in risk-adjusted mortality from 4.17 % 
in 1989 to 2.45 % in 1992 [ 14 ]. 

 However, since CABG surgery outcomes 
have improved throughout the country because 
of new techniques and processes of care, the fair-
est way to assess outcome changes in New York 
is to compare them to other regions for the same 
period of time. In this regard, Ghali et al. found 
that between 1990 and 1994 there were similar 
trends in mortality and mortality reduction in 
Massachusetts and Northern New England as 
there were in New York [ 15 ]. Peterson et al. used 
Medicare data between 1987 and 1992 (before 
and after initiation of the program) to examine 
the CABG mortality rate and changes in the 
rate [ 16 ]. Conclusions were that New York had 
the lowest risk-adjusted mortality rate of any 
state in 1992, and that the decrease in mortality 
between 1987 and 1992 was higher than for any 
other state with low mortality in the earlier period 
[ 16 ]. Peterson et al. also found that although 
there were similar trends in mortality reduction 
in Northern New England and Massachusetts, 
the mortality reduction was signifi cantly lower 
in Massachusetts than in New York and Northern 
New England. The reductions in Northern New 
England are very like a result of the registry they 
developed and the extensive quality improvement 
initiatives undertaken there. 
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 Later, a study by Hannan et al. compared 
in- hospital/30-day risk-adjusted mortality after 
CABG between 1994 and 1999 in states/regions 
of the country with public reporting and/or for-
mal quality improvement programs with the mor-
tality in the remainder of the United States [ 17 ]. 
The study found that the risk-adjusted odds for 
mortality in New York for the 1994–1999 time 
period was only 0.66, 95 % CI (0.57, 0.77) times 
the odds in the remainder of the country, meaning 
that after adjusting for patients’ pre-procedural 
severity of illness, patients in the remainder of 
the country were 50 % more likely to experi-
ence short-term mortality [ 17 ]. Another fi nding 
was that the overall risk –adjusted mortality in 
Northern New England 1994–1999 was lower, 
but not signifi cantly lower than the remainder of 
the country (adjusted odds ratio = 0.92 [95 % CI 
{0.076, 1.11}]). 

 In summary, there appears to be more evi-
dence and more convincing evidence that public 
reporting has been associated with larger mor-
tality reductions than in regions without public 
reporting. The following section reviews the 
evidence that this reduction has come at a high 
price: the avoidance of high-risk procedures by 
providers who are wary of their impact on pub-
lic reports.  

    Avoidance of High-Risk Patients by 
not Providing Procedures or by 
Out-of-State Referrals 

 Several studies have concluded that an unin-
tended consequence of public dissemination of 
cardiac data has been for providers to avoid high- 
risk patients by either refusing to recommend 
cardiac surgery or PCI, or by referring the patient 
out-of-state. First, surveys of surgeons and car-
diologists indicate that they feel that avoidance 
of high-risk patients is a problem. Burack et al. 
reported that 67 % of New York surgeons claimed 
they had refused to treat at least one patient in 
the previous year and 18 % refused to treat fi ve 
or more patients [ 18 ]. Narins et al. found that 
83 % of interventional cardiologists in New York 
“agreed” or “strongly agreed” that the publica-

tion of statewide PCI report cards decreased 
the chance that patients needing PCI actually 
received it [ 19 ]. Also, Schneider and Epstein 
conducted a survey that found that 59 % of car-
diologists had more diffi culty referring high-risk 
patients and 63 % of cardiac surgeons were less 
willing to operate on high-risk patients [ 20 ]. 

 An early empirical study on avoidance of 
high-risk procedures by Omoigui et al., com-
pared the number and acuity level of New York 
patients undergoing CABG surgery from 1980 to 
1988 in the Cleveland Clinic prior to the inau-
guration of the New York CABG registry with 
similar patients in the 1989–1993 time frame 
[ 15 ]. Findings of the study were that there were 
an average of 61.4 patients New York patients per 
year undergoing CABG surgery at the Cleveland 
Clinic in the fi rst time period, and 96.2 per year 
after the founding of the New York registry. 
Also, New York patients treated at the Cleveland 
Clinic were of higher risk than New York patients 
treated in New York [ 21 ]. 

 Another study, by Moscucci et al., compared 
the pre-procedural severity of illness of New York 
PCI patients with PCI patients in eight Michigan 
hospitals in 1998–1999 [ 22 ]. New York patients 
were found to have signifi cantly lower preva-
lences of acute myocardial infarction, cardio-
genic shock, and congestive heart failure than the 
Michigan patients. Even though the unadjusted 
in-hospital mortality was signifi cantly lower in 
New York than in Michigan, the risk-adjusted 
mortality rates in the two regions were not sig-
nifi cantly different. Moscucci et al. concluded 
that New York cardiologists may not be interven-
ing as much on high-risk patients because of their 
fear of public reporting [ 22 ]. 

 A study by Dranove et al. used Medicare data 
to conclude that the severity of illness (measured 
by a proxy of costs in the year preceding hospi-
talization) of CABG patients vs. acute myocar-
dial infarction (AMI) patients in New York and 
Pennsylvania hospitals declined between 1987 
and 1994 compared to the change in states with-
out public reporting [ 23 ]. 

 It should be noted that there appear to be 
fl aws in each of these empirical studies. With 
regard to the Omoigui study, the fi rst  public 
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release of New York CABG surgery data 
occurred in 1990 and it was not announced in 
advance, so the earliest that hospitals would 
have been tempted to refer out-of-state for fear 
of adverse publicity would have been in 1991, 
2 years after the beginning of the “after” time 
period in the study. The expected mortality of 
the patients referred from New York, although 
higher than that of other Cleveland Clinic 
patients changed little between the 1989–1990 
period and the 1991–1993 period [ 12 ,  21 ]. 

 Also, in the study by Hannan et al. that com-
pared Medicare patients undergoing CABG 
surgery in regions with public dissemination of 
outcomes and formal quality improvement pro-
grams with the remainder of the United States 
(US), it was found that out-of-state referrals in 
New York were lower in 1994 and in 1999 than 
the remainder of the US (9.9 % vs. 10.4 %, and 
10.4 % vs. 10.5 %, respectively), so there does 
not appear to be any widespread outmigration in 
New York in comparison with states without pub-
lic data releases [ 17 ]. 

 There are also some reasons why Moscucci 
et al.’s conclusions may be misleading. First, 
although the authors mention that some risk 
factor defi nitions in the two systems are nearly 
identical, they do not mention defi nitions of all 
risk factors. For instance, shock is defi ned in 
the New York registry as systolic blood pres-
sure below 80 or cardiac index below 2.0 at the 
time of the procedure despite pharmacologic or 
mechanical support. Since most defi nitions of 
shock do not require low blood pressure or low 
output even after treatment, it is not clear that this 
was the Michigan defi nition. Second, the preva-
lences of high-risk conditions are calculated by 
dividing the number of patients with that con-
dition undergoing PCI by the total number of 
patients undergoing PCI. The number could be 
lower in New York because there are more low- 
risk patients per capita undergoing PCI instead of 
that there are fewer high-risk patients per capita 
undergoing PCI. 

 The measure used in the Dranove study is not 
straightforward and is not necessarily the best 
measure to use. Purportedly this unconventional 
measure of patient severity was used because 

it is not subject to surgeon manipulation, is not 
controlled for in the risk-adjustment methodol-
ogy, and could be used by surgeons to identify 
lower- risk patients. This assumes the unlikely 
scenario that surgeons would take the time to 
identify patients with lower hospital utilization 
who appeared not to have a commensurately low 
severity of illness based on measures that are 
used in the risk-adjustment methodology [ 23 , 
 24 ]. In a more direct and straightforward study 
of Medicare patients undergoing CABG surgery 
between 1994 and 1999 in states/regions with 
public reporting/quality improvement efforts, 
and the remainder of the United States by Hannan 
et al., New York CABG patients had signifi cantly 
higher prevalences of acute myocardial infarc-
tion, patients 80 or more years old, emergency 
admissions, and females than the remainder of 
the country [ 17 ]. Also, Peterson et al. reported 
that New York Medicare CABG patients had 
comparable prevalences of AMI, congestive heart 
failure (CHF), diabetes, and peripheral vascular 
disease as other United States Medicare CABG 
patients between 1987 and 1992, and New York 
patients had higher rates of AMI, age >80, and 
females in 1992 than in 1989 [ 16 ]. The risk fac-
tors in these studies were coded by hospital per-
sonnel who do not work in the cardiac surgery 
departments, and are therefore not as susceptible 
to manipulation or subtle over-coding of risks 
that could bias risk assessment in registry data. 

 It is also important to note that in some 
instances the avoidance of high-risk procedures 
may be benefi cial to patients. This includes 
instances in which patients are denied access by 
hospitals/surgeons who are not experienced or 
skilled enough to perform a procedure, but who 
refer the patient to another provider. Another 
example is a patient who has no chance of sur-
vival or who is terminally ill with another dis-
ease [ 25 ]. Regardless of what appears to be weak 
evidence of widespread avoidance of high-risk 
cases related to public reporting, the reports of 
individual clinicians that they and/or their col-
leagues have denied surgery to high-risk patients 
should be taken seriously. This doesn’t mean 
throwing out the baby with the bathwater and 
scrapping all public reporting. However, there are 
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measures that can be considered to reduce incen-
tives for risk aversion. One of the most effective 
of these measures is to be responsive to clini-
cians’ concerns about the unfairness of including 
certain high-risk patients in the public reporting 
process. In New York, cardiologists and surgeons 
were particularly concerned about the inclusion 
of  cardiogenic shock patients in the computa-
tion of risk-adjusted mortality rates. Following a 
recommendation by the state’s Cardiac Advisory 
Committee, the Department of Health decided 
to exclude shock patients from public reporting 
starting with the 2006 annual report because of 
the concern that these patients were sometimes 
being refused revascularization when it would 
have been benefi cial. 

 It was decided to continue to collect data on 
shock patients undergoing revascularization to 
assess the impact of the new policy. In 2005, 
when results for shock patients were publicly 
reported, 83 shock patients underwent PCI with 
an in-hospital/30-day mortality rate of 34 %. In 
2006–2008, respective totals of 133, 146, and 
138 shock patients underwent PCI with a com-
bined mortality rate of 45 %. In conclusion, the 
policy of omitting shock patients from public 
reporting resulted in an average increase in num-
ber of shock patients undergoing PCI of 67 %/
year in the next 3 years and the shock patients 
undergoing PCI were of higher risk on average. 
For CABG surgery, there were 32 shock patients 
in 2005, followed by 46, 41 and 43 in the next 3 
years. However, the average mortality rate in the 
subsequent 3 years was 38 %, compared with a 
22 % mortality rate in 2005. 

 In Massachusetts, a compassionate use vari-
able (active cardiopulmonary resuscitation 
[CPR], comatose, or requiring a ventricular assist 
device) was added to their PCI risk-adjustment 
model, as opposed to exempting a group of high- 
risk patients from public reporting [ 25 ,  26 ]. 

 In New York, a recent decision has been 
made to exclude from analysis and public report-
ing PCI patients who experience hypoxic brain 
injury and expire due to withdrawal of support 
subsequent to a documented pre-intervention 
AMI and cardiac arrest. This policy took effect 
with 2010 procedures, so the data are still being 

reviewed and the impact of this policy change is 
unknown at this time. 

 Other measures that have been recommended 
for reducing the incentives to avoid high-risk 
patients in a recent study on this topic are (1) the 
improvement of risk-adjustment methods and 
highlighting hospitals and physicians who under-
take high-risk procures in appropriate patients, 
(2) providing adequate resources for assuring 
high-quality data collection and analysis efforts, 
(3) developing national standards for public 
reporting of risk-adjusted outcomes, and (4) 
reporting measures of appropriateness to comple-
ment risk-adjusted outcomes reporting [ 26 ].  

    Impact of Public Reporting 
on Surgeons 

 Another impact on the delivery of care that 
appears to have been related to the release of pub-
lic cardiac reports is the decrease in prevalence 
of low-volume surgeons with high risk-adjusted 
mortality rates. Publications based on New York 
data highlighted the fact that lower volume sur-
geons were associated with worse outcomes, 
and this fact became clear with the release of 
surgeon- level data [ 27 ,  28 ]. As a results of these 
studies and reports, some New York hospitals 
restricted the privileges of low-volume surgeons, 
and between 1989 and 1992, 27 low-volume sur-
geons ceased practicing cardiac surgery in the 
state. Some of these surgeons left the state, some 
retired, and others restricted their practice to non- 
cardiac surgery [ 28 ]. The risk-adjusted CABG 
surgery mortality for the group who ceased prac-
ticing in the state was 11.9 % in the last year in 
which they practiced in the state, compared with 
the statewide rate of 3.1 % in that time interval 
[ 12 ]. 

 A later study by Jha and Epstein used 3-year 
reports (the periods used to report surgeon data) 
from 1989 to 1991 through 1994–1996 to exam-
ine outcomes for the surgeons who discontinued 
performing cardiac surgery in the 2-year period 
following the publication of the reports [ 29 ]. 
The authors found that more than 20 % of sur-
geons with patient risk-adjusted mortality rates 
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in the highest (worst) quartile stopped practicing 
CABG surgery within 2 years after publication 
of the reports, in comparison to roughly 5 % of 
surgeons in the top three quartiles. There was a 
statistically signifi cant difference when all fi ve 
3-year reports were combined [ 29 ]. 

 The reporting of physician-level data has been 
one of the most controversial aspects of public 
reporting, and Massachusetts does not report 
physician-level data, although the other states 
that report hospital level cardiac data do report 
physician-level data. The fi ndings above sug-
gest that knowledge of physician/surgeon per-
formance can help hospitals improve overall 
performance, although certainly driving poor-
performing physicians out of practice or out-of-
state is not the only way this can be done. Studies 
that examine the effectiveness of working with 
these physicians to improve performance while 
staying in practice, and studies that examine the 
impact of confi dentially sharing physician- level 
information in regions without physician-level 
reporting would be important contributions.  

    Ability to Predict Performance Over 
Time (for Use in Choosing 
Providers) 

 The ability of public cardiac reports to predict 
performance over time is important because 
it there has to be reasonable consistence over 
time for the reports to be used for patients to 
choose hospitals and surgeons. Jha and Epstein 
found that if patients undergoing CABG surgery 
in New York in 1996 selected a hospital in the 
top decile with the latest available (1993) data, 
the mean 1996 risk-adjusted mortality rate of 
those hospitals was 1.82 %, compared to a rate 
of 2.89 % in 1996 for hospitals that were in the 
bottom decile in the 1993 report. Accumulating 
these data across the 1996–2002 period, the mean 
risk-adjusted mortality of hospitals that were in 
the top decile 3 years earlier was 1.59 %, com-
pared to 2.78 % for hospitals in the bottom decile 
in the index year [ 29 ]. 

 Glance et al. compared the ability of the 
New York CABG report card data to predict 

mortality 2 and 3 years later using a different 
strategy. The authors compared quality ratings 
in two different time periods (fi rst 2 years apart, 
then 3 years apart) based on ratios of observed 
to expected mortality. Conclusions of the study 
were that hospital assessments based on 2-year 
old data is a strong predictor of future perfor-
mance, but that 3-year old data may not be useful 
for identifying low-performance hospitals [ 30 ].  

    Impact of Public Reporting 
on Market Share 

 A few studies that have examined the impact of 
public reporting of CABG surgery mortality on 
hospitals’ future market share, with contrasting 
results. Hannan et al. [ 31 ] found no substantial 
changes in hospital volumes in the early years of 
the New York system, between 1989 and 1992. 
Mukamel and Mushlin found that the New York 
CABG surgery reports had a small effect on 
hospital volume between 1990 and 1993, but a 
larger effect on surgeon volume [ 32 ]. Romano 
and Zhou found that New York CABG hospitals 
with signifi cantly lower risk-adjusted mortality 
had higher CABG surgery volume in the fi rst 
month after publication (61 patients predicted 
and 75 admitted, a 22 % increase) [ 33 ]. A later 
comprehensive study by Jha and Epstein found 
no evidence that performance in the reports was 
associated with a signifi cance increase in market 
share for hospitals with the best risk-adjusted 
mortality or a signifi cant decrease in market 
share for hospitals with the worst risk-adjusted 
mortality between 1989 and 2002. Also, in gen-
eral, each hospital’s market share remained very 
similar over time [ 29 ]. The fact that these stud-
ies came to different conclusions is probably 
more likely due to differences in the methods 
used than to differences in the time frames that 
were studied. 

 It is also notable that whatever changes in 
market share did occur, they don’t seem to have 
been strongly impacted by changes in referrals in 
the early years of the system when such informa-
tion was obtained. In a survey of New York cardi-
ologists, Hannan and Stone found that only 22 % 
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routinely discussed the report with their patients, 
and only 38 % of the cardiologists used the report 
card information for referrals [ 34 ]. A caveat is 
that these fi ndings are quite old. 

 Market share changes can also occur is by man-
aged care organizations (MCOs) altering their 
contracting for tertiary services. Romano et al. 
found that about half of the hospital administra-
tors they surveyed used the report cards in health-
plan negotiations [ 35 ]. Also, Mukamel et al. [ 36 ] 
found that 60 % of MCOs who responded to a 
1998 survey ranked surgeon quality as the most 
important factor in contracting, but only 20 % 
indicated that the report cards were a major fac-
tor in their contracting decision. However, a later 
study by Mukamel et al. [ 37 ] found that the prob-
ability of MCOs contracting with a surgeon in the 
Downstate region of New York was signifi cantly 
higher if surgeon had a lower risk-adjusted mor-
tality rate. 

 Regardless of the modest impact demon-
strated by most of the studies just mentioned, 
given the explosion in the number of public 
reports on various aspects of the quality of health 
care as well as the federal healthcare reform ini-
tiative, it stands to reason that consumers will 
use these reports more in the future as a means 
of choosing healthcare providers. Shahian et al. 
provide an excellent discussion of the rationale 
for this contention [ 25 ].  

    Summary 

 In summary, the public release of cardiac out-
comes has arguably been associated with larger 
decreases in mortality than in regions without 
public releases of outcomes. There has also been 
controversy regarding whether these decreases 
have been in part due to the avoidance or out-
migration of high-risk patients. Given reports 
from individual physicians asserting that they 
are aware of this practice, it is certainly true to 
some degree. What is not known is the degree 
to which it happens, and whether when it does 
happen, patients are either referred to other (per-
haps more skilled, or suited to their risk-level) 

providers or the patients are inappropriate for the 
procedure. My view, based on New York data on 
volumes of cases and changes in risk profi le of 
patients, combined with data quality auditing, is 
that the number of high-risk patients not under-
going a procedure from some provider in the 
state is minimal. 

 Several other impacts of public reporting have 
been studied, including the impact on provid-
ers’ market share, the impact on low-rated sur-
geons discontinuing practice in the region with 
public reports, and the ability of the reports to 
predict future performance. The evidence on 
market share is dated and ambivalent, but prob-
ably understated given the multitude of recent 
reports, the healthcare reform effort, and the 
obvious increase in patient interest in quality of 
care. There does seem to be evidence from the 
early years of New York’s system that surgeons 
with poor ratings were more likely to discontinue 
cardiac surgery in relation to other surgeons, 
although that may no longer be true since the 
reports do not receive the publicity they received 
in the press in the early days of the system. Also, 
there is evidence from New York data that the 
reports are reasonably good predictors of future 
performance, although it is important that they be 
as timely as possible if used for this purpose.  

    The Future 

 Despite the controversy about public reporting of 
health outcomes, it is clear that it is here to stay 
for the foreseeable future. Two primary reasons 
for this is the public demand for this informa-
tion and the embrace of public reporting by gov-
ernmental agencies (e.g., Centers for Medicare 
and Medicaid Services) regulators and payers. 
Consequently, there is a need to focus on what 
has been learned from existing public report 
cards. Three of the most valuable lessons we 
have learned in New York are (1) it is critically 
important to assure the completeness and accu-
racy of the data being used because the reports 
can impact quality of patient care as well as the 
reputation of healthcare providers, (2) the accep-
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tance and use of the reports are impacted by the 
manner in which they are presented to providers 
and the public, and by the degree to which these 
constituencies are part of the process of develop-
ing the reports, and (3) the fact that a provider 
can be identifi ed as having signifi cantly higher 
mortality than the state or region of interest is 
a very powerful motivator for effecting change.  

    Importance of Completeness 
and Accuracy of Data 

 In the New York experience over the course 
of releasing cardiac data for the past 20 years, 
there have been many instances in which inac-
curate data that were threats to the validity of 
our reports have been discovered. Prior to public 
knowledge regarding efforts to assure data qual-
ity, a hospital submitted more than 300 isolated 
CABG cases without a reported death. When 
these data were matched to New York’s adminis-
trative data, it was discovered that about 50 more 
patients had undergone surgery and 18 of them 
had died in the index admission. Other hospitals 
have maintained that their patients had extremely 
high prevalences (more than three times as high 
as the statewide average in some cases) of some 
risk factors, but medical record auditing uncov-
ered overcoding of these risk factors, and these 
hospitals have been required to resubmit data or 
in extreme cases pay for an outside abstractor 
to submit the hospitals’ data. Another hospital 
reported that numerous patients were discharged 
alive (when in-hospital mortality was used as 
the outcome measure) but upon review it was 
discovered that they were “discharged” to an in-
hospital hospice that was not certifi ed and died 
of complications of CABG surgery. 

 Also, since mortality after discharge but 
within 30 days of the index procedure became 
part of the outcome measure in addition to in- 
hospital mortality, hospitals were asked to report 
this measure to the registry. Before the hospital- 
reported data were used, patients were matched 
against reported deaths in the National Death 
Index, and we found that the vast majority of out-

of- hospital deaths were not identifi ed by the hos-
pitals. As a result, New York uses the National 
Death Index, or New York vital statistics data 
limited to New York patients in conjunction with 
the Social Security Death Master File, to capture 
out-of-hospital deaths. The National Death Index 
(NDI) is preferable since it includes non-New 
York patients, but funding issues have sometimes 
required the use of the latter. 

 In conclusion, there is a strong possibility that 
publicly reported data will be either accidentally 
or deliberately inaccurate without concerted 
efforts to assure accuracy and completeness. 
With regard to assuring completeness, the best 
safeguard is to match the data against another 
database if possible. In New York, we have had 
access to SPARCS administrative data, and have 
used that (Statewide Planning and Research 
Cooperative System [  https://www.health.ny.gov/
statistics/sparcs/    ], accessed March 16, 2014). 
Completeness is probably not a problem when 
using CMS data because MedPAR should be 
complete (for Medicare patients) given that it is 
related to reimbursement [ 38 ]. 

 With respect to assuring accuracy of risk fac-
tors and outcomes, the New York experience, 
as noted above, is that out-of-hospital death as 
an outcome should be captured by matching to 
death indices. Risk factor accuracy can probably 
only be assured by auditing medical records. This 
can be very expensive depending on the percent-
age of cases that is audited, and thought needs 
to be given to choosing cases/hospitals to be 
audited in a cost-effective manner. As noted ear-
lier, New York has chosen hospitals based on past 
problems, time since last audit, and presence of 
risk factors in the statistical models with unusu-
ally high prevalences [ 38 ]. 

 The use of administrative data in the risk- 
adjustment process, as is the case with the CMS 
report cards for AMI and CHF, is problem-
atic because the International Classifi cation of 
Diseases (ICD) codes used in MedPAR are not 
very detailed. For example, in the New York 
cardiac registries, creatinine levels are used as a 
measure of renal failure, and chronic obstructive 
pulmonary disease (COPD) is defi ned in terms 
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of expiratory volume, partial pressure of oxygen 
(PO 2 ), and partial pressure of carbon dioxide 
(PCO 2 ) levels, whereas the ICD codes have no 
clinically objective defi nition for these conditions 
or any other conditions. This means that more 
subjectivity is involved in assigning risk factors 
to patients. Also, for any type of patient, clini-
cal data elements such as blood pressure, ejection 
fraction, and heart rate are important independent 
predictors of mortality that are not contained in 
administrative data. The discrepancies between 
administrative data and clinical data may result 
in different hospital risk-adjusted mortality and 
outlier status for administrative and (gold stan-
dard) clinical models.  

    Improving Acceptance and Use 
of Public Reports 

 To improve the acceptance and quality of pub-
lic reports, it is important to seek the advice of 
multiple constituencies (patients, hospital admin-
istrators, clinicians from inside and outside the 
health care system being studied, health policy 
experts, ethicists, researchers, third party pay-
ers, etc.) and to keep hospitals and physicians 
apprised of decisions that are being made as well 
as to provide them with a forum for making rec-
ommendations. For example, New York’s CAC 
has always included several of the most promi-
nent clinicians and researchers in the world. 
Also, town hall meetings have been convened 
across the state on several occasions to present 
the methods used and fi ndings as well as to enter-
tain suggestions and questions, and this seems to 
be a valuable practice. 

 However, most people would probably agree 
that current cardiac and other public reports are 
diffi cult to read and comprehend by the aver-
age consumer/patient as well as clinician. Also, 
public reports should probably include additional 
outcome measures, including appropriateness. 
Reports also should be tailored to the disease 
rather than the procedure used to treat it (e.g., 
acute myocardial infarction reports as is done by 
CMS in addition to cardiac surgery reports), and 
possibly include process measures.  

    Impact of Identifying Outliers 

 The description above of specifi c initiatives taken 
by hospitals in New York to improve their risk- 
adjusted mortality rates is an indication of the 
motivation inspired by being identifi ed as an 
outlier in public reports. In New York, we have 
also been privy to numerous other off-the-record 
reports of hospitals who confi de that they would 
not have looked more carefully at their processes 
of care without having been identifi ed as an outlier 
or feared being an outlier. An interesting topic for 
a future study would be differences in quality ini-
tiatives of hospitals that were and were not fl agged 
as outliers in public reporting regions. Moreover, 
the identifi cation of high performing outliers can 
create a platform for ascertaining and dissemi-
nating best practices. In conclusion, reports that 
contain very few outliers may not have the abil-
ity to effect change as much as reports that tend 
to distinguish hospitals from one another. Also, 
reports that do not distinguish quality among pro-
viders offer little interest or guidance to patients 
and referring physicians [ 24 ].     
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       “ The purest treasure mortal times afford…Is spot-
less reputation.” William Shakespeare, Richard 
II 1:1 

   Improving performance and accountability 
in healthcare requires the development of shared 
goals that unite the interests of all stakeholders [ 1 ]. 
Public reporting of outcomes and quality in cardiac 
surgery is a means to strategically approach this 
important objective. If done properly, this effort 
has the potential to harmonize the goals of indi-
vidual physician providers with those of  hospitals, 
health plans, national payers, state and federal gov-
ernments, and consumers. The availability of reli-
able and risk-adjusted outcomes data presented in 
a clear, concise, and audience-appropriate manner 
has the ability to aid patients and their families in 
the making of informed decisions; simultaneously, 
it will motivate hospitals and providers to refi ne 
their processes in order to increase the value of 
their healthcare delivery. 

 Measuring the value of pediatric cardiac surgi-
cal care provided over the last decade has been 
greatly facilitated by multidisciplinary interna-
tional consensus regarding precise patho- anatomic 
classifi cation of disease, resulting in more accu-
rate reporting of outcome data [ 2 – 4 ]. Together 
with more precise defi nitions of morbidity and 
mortality, this collaborative process has promoted 
evolving international efforts to measure and 
improve pediatric cardiac surgical quality by pro-
cedure and disease type [ 4 – 7 ]. Now, in addition to 
measuring and reporting a single center’s short-
term experience with a complex multi-procedural 
pediatric cardiac operation, which is undeniably 
valuable both for the centers and for their patients, 
national and international benchmarks are avail-
able. Efforts are ongoing to establish strategies for 
the longitudinal assessment of outcomes after car-
diothoracic surgery. This is of particular impor-
tance in the pediatric cardiac population in order 
to assess the potential impact of procedures on 
subsequent neurocognitive development and the 
durability of specifi c procedures over time. 

 As we are on the threshold of national public 
reporting in congenital heart surgery, the objec-
tive of this article is to outline the foundation for 
public reporting of cardiac surgical outcomes and 
describe the recent progress and future direction 
for public reporting of pediatric cardiac data. 

    The Beginning of Public Reporting 

 The contemporary effort to publicly report out-
come data began in 1986 with a groundbreak-
ing initiative by the United States Health Care 
Financing Administration (HCFA), the Medicare 
management predecessor to the Centers for 
Medicare and Medicaid Services (CMS). HCFA’s 
goal was to address the inherent variability in 
reported death rates across US hospitals treating 
Medicare patients. Their seemingly straightfor-
ward approach involved identifying 269 hospitals 
that had death rates outside of the range predicted 
for the overall Medicare population and publi-
cizing these fi ndings. However, these published 
“death lists” were based on Medicare claims data 
and had numerous methodological fl aws, includ-
ing the lack of credible risk-adjustment [ 8 ,  9 ]. 
Because of these criticisms, the program was 
fi nally terminated in 1993. Nonetheless, through 
this initial organized effort to systematically 
assess mortality rates, HCFA brought transpar-
ency of reporting of outcomes to the national 
stage and ushered in our current era of public 
reporting. 

 Cardiac surgery has always been among the 
most resource intense specialties in healthcare, 
particularly in the adult Medicare population. In 
the late 1980s, coronary artery bypass grafting 
(CABG) was the most common cardiac proce-
dure performed in the United States [ 10 – 12 ]. 
Not surprisingly, therefore, cardiac surgery 
became the early focus of performance assess-
ment and improvement initiatives that were 
far more sophisticated than those in the initial 
HCFA efforts. Beginning in the late 1980s, sev-
eral states began to collect, analyze and publish 
data on cardiac surgery outcomes. At the same 
time, professional organizations, most notably 
the Society of Thoracic Surgeons (STS), made 
strategic decisions to develop clinical data 
sources and risk- adjustment methodologies. 
What was set in motion by these events has for-
ever changed the landscape of transparency and 
accountability, not only in cardiac surgery but 
across healthcare. 

 We will outline the key developments in each 
of these areas and their impact on public report-
ing and accountability, culminating in the pub-
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lic reporting of risk-adjusted pediatric cardiac 
outcomes by the STS Congenital Heart Surgery 
Database.  

    Lessons from Early Experiences 
with Public Reporting of Cardiac 
Surgery Data 

 State-based initiatives to analyze clinical 
data in cardiac surgery began in New York, 
Massachusetts and Pennsylvania. In New York, 
beginning in 1988, early reports of substantial 
variability in cardiac surgery outcomes led to the 
development of a clinical data registry and hospi-
tal-level risk- adjusted outcomes analyses, which 
were released publicly in 1990. Because of a 
media suit, the state was also ultimately required 
to release physician- level outcomes. Short-term 
mortality following CABG was reduced by 41 % 
in the fi rst 4 years of the program [ 13 – 15 ], and 
this program has expanded to include report cards 
for percutaneous coronary interventions, cardiac 
valve surgery, and pediatric cardiac surgery. 

 However, despite progressive decreases in 
risk-adjusted mortality, which may have been 
driven by the exodus of low-volume high mor-
tality surgeons, there was little demonstrable 
change in the market share of hospitals with 
signifi cantly higher or lower than expected mor-
tality rates. Furthermore, numerous studies in 
New York and Pennsylvania raised concerns that 
public reporting of CABG outcomes had led to 
risk-averse behavior by surgeons and hospitals. 
In other words, because they feared the potential 
impact of bad outcomes on their reputations and 
referrals, providers were less inclined to accept 
higher risk patients for surgery, despite the fact 
that all their results would be risk-adjusted. This 
potential risk-aversion was, and remains, a major 
unintended negative consequence of cardiac 
surgery public reporting, and the same phenom-
enon has also been observed in New York and 
Massachusetts for percutaneous coronary inter-
ventions. The concern is that this behavior may 
reduce access to care for the very patients who 
might benefi t the most, even though they are high 
risk [ 9 ,  14 ]. While New York pioneered cardiac 
surgical outcome reporting, it also exposed the 

potential negative consequences resulting from 
the anxiety of providers. It is hoped that by includ-
ing comprehensive risk-adjustment and fostering 
trust in this process, the practice of risk aversion 
in congenital heart surgery can be avoided. 

 In 1986, Pennsylvania enacted legislation 
creating the Pennsylvania Health Care Cost 
Containment Council (PHC4) as an indepen-
dent state agency to collect hospital and provider 
outcome data, with the primary purpose of mak-
ing these data publicly accessible. By state law, 
hospitals were required to submit cardiac sur-
gery data for hospitals and individual surgeons. 
However, while PHC4 results are risk-adjusted, 
they currently remain based primarily on claims 
data. 

 In 2000, the Massachusetts legislature man-
dated the development of a public report card for 
cardiac surgery, and this system was implemented 
in 2002 using STS data and locally developed risk 
algorithms. Also developed in the late 1980s, the 
Northern New England Cardiovascular Disease 
Study Group [ 16 ] focused on confi dential feed-
back to its participants but did not, until recently, 
publish these results. Interestingly, their mortal-
ity rates and reductions in mortality over time 
using this confi dential feedback and best prac-
tice approach were similar to those achieved in 
public reporting states. This reduction of mortal-
ity and morbidity by the Northern New England 
Cardiovascular Disease Study Group demon-
strates the value of robust, risk-adjusted, confi den-
tial, peer-level feedback to achieve improvement 
in outcomes without the confounding infl uence of 
media scrutiny that may promote risk aversion. 

 In 1987, The Veterans Administration (VA) 
developed a clinical risk-adjusted database that 
served to monitor outcomes in all VA medical 
centers performing cardiac surgery. A short data 
form of 50 variables was recorded on all patients 
undergoing cardiac surgery, and participation 
in the VA Continuous Improvement in Cardiac 
Surgery Program was mandatory. The VA devel-
oped multivariable risk modeling to perform 
risk- adjusted analyses for isolated CABG, iso-
lated valve, and great vessel cardiac surgery. The 
national VA Quality Oversight Committee cal-
culated the 30-day risk-adjusted mortality rates 
and reported this information every 6 months to 
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regional and facility leadership, who then dissem-
inated these data to front-line providers with the 
goal of improving quality. This program resulted 
in a decrease in the observed to expected mortal-
ity ratio from 1.5 to 0.9 over the fi rst 9 years of 
implementation [ 17 – 19 ]. 

 These early and ongoing initiatives highlight 
the value of publicly reporting cardiac outcomes 
data but also some of its potential perils, includ-
ing risk aversion. To avoid such behavior, there 
is value in beginning such an initiative with con-
fi dential peer reporting of clinical data that are 
robustly risk-adjusted and communicated in a 
trustworthy manner. Once trust is established in 
the value and accuracy of the data, public report-
ing can be initiated with less potential for negative 
unintended consequences. In addition, the mode 
in which the data is publicly reported is clearly of 
importance. To foster informed, shared decision-
making, the data must be credible and presented 
with suffi cient fl exibility that stakeholders with 
varying levels of education and sophistication 
can all understand and interpret them correctly. 
These important lessons have been incorporated 
into the evolution of the STS National Database.  

    The Society of Thoracic Surgeons 
(STS) National Database 

 In 1989, STS committed to develop a volun-
tary national database for cardiothoracic sur-
gery. Similar to state-based responses to the 
HCFA mortality report, this national quality 
effort resulted from the desire of surgeons to 
collect their own national, risk-adjusted data to 
study and improve the quality of cardiac surgery 
[ 20 – 22 ]. The STS National Database has evolved 
to become one of the world’s largest and most 
robust cardiac surgery databases and one of the 
most respected national-level participants in pub-
lic reporting. 

 Duke Clinical Research Institute (DCRI) 
serves as the data warehouse and analytic cen-
ter of the STS National Database. The partner-
ship and collaboration of STS and DCRI has 
facilitated refi nements in the statistical modeling 
and analytics used for risk assessment [ 23 ,  24 ], 

including the use of hierarchical approaches and 
longitudinal data linkages [ 25 ]. 

 With 90–95 % of all cardiac surgery programs 
in the US participating, the STS National Database 
has become the paradigm for clinical data registries 
developed by professional societies in healthcare. 
It has been a major driving force in defi ning best 
practice in quality measurement, quality improve-
ment, and clinical research. The STS National 
Database now encompasses all aspects of car-
diothoracic surgery and all its major procedures, 
and over 40 sophisticated risk models have been 
developed.  

    STS National Database Partners 
with United States Healthcare 
for National Quality Measurement 

 As the US healthcare system pursued ways to 
improve value of care through higher quality and 
reduced cost, the Institute of Medicine (IOM) 
delivered two seminal reports in 1999 and 2001 
that served as a call to arms in the pursuit of qual-
ity and transparency [ 26 – 28 ]. The IOM estimated 
that over 90,000 Americans die each year from 
preventable medical errors, which led to increas-
ing demands for accountability and transparency 
of outcomes in healthcare. The IOM defi ned six 
aims that would broadly shape the future health-
care system — care should be safe, effective, 
patient-centered, timely, effi cient and equitable 
[ 28 ]. The Agency for Healthcare Research and 
Quality (AHRQ) operationalized these recom-
mendations through the identifi cation of com-
mon priority conditions, a call for providers to 
use information technology and data registries to 
aid in this mission, and the alignment of payment 
policies with quality improvement. 

 In 1999, the National Quality Forum (NQF), a 
nonprofi t, multi-stakeholder membership organi-
zation was created to advance efforts to improve 
health care quality through measurement and 
reporting. In 2002, NQF identifi ed and subse-
quently published a report on 27 adverse events 
considered preventable and of concern to the pub-
lic and health care providers. Since then, NQF 
has endorsed voluntary consensus standards for 
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public reporting of performance metrics across 
a broad range of health care settings and condi-
tions. Through collaborations with other national 
healthcare entities, NQF has helped launch pub-
lic reporting into the modern era, and STS has 
played a large part in that evolution. 

 In 2004, NQF endorsed 21 adult cardiac sur-
gery measures, most of which were developed 
by STS (Table  36.1 ). These evidence-based mea-
sures have stood the test of time and have been 

re-endorsed in 2007 and again in 2011. STS 
formed its Quality Measurement Task Force in 
2005 to use the NQF-endorsed cardiac surgery 
performance measures to develop an objec-
tive, evidence-based, statistically valid model 
of quality in cardiac surgery. Performance mea-
surement in cardiac surgery can be divided into 
three principle categories, based on the original 
Donabedian taxonomy: Structural measures, 
Process measures, and Outcomes measures [ 29 ]. 
Structural measures include surgical volumes 
and participation in a national clinical registry. 
Process measures include evidence-based vari-
ables such as the use of the internal mammary 
artery in CABG and perioperative medications 
(e.g., beta blockers and statins) that have been 
shown to improve long term outcomes. Outcome 
measures include mortality and major complica-
tions such as postoperative stroke, renal failure, 
prolonged ventilation, surgical re-exploration, 
and deep sternal wound infection.

   To further enhance the comprehensive mea-
surement of cardiac surgery quality, STS devel-
oped composite measures that included multiple 
performance domains, not just mortality. The 
fi rst of these was the STS CABG Composite 
Score, which was subsequently the basis for the 
fi rst publicly reported outcomes by STS [ 28 ,  29 ]. 
Utilizing sophisticated statistical approaches [ 30 ], 
these composites were reported to the public in 
an easily understood star-rating format, ranging 
from 1 (lowest performance) to 3 (highest perfor-
mance) (Table  36.2 ). The STS CABG Composite 
Score is based on 11 NQF-endorsed individual 
measures within four domains (Table  36.3 ). The 
fi rst domain is avoidance of risk-adjusted opera-
tive mortality; the second is avoidance of any of 

   Table 36.1    The Society of Thoracic Surgeons in collab-
oration with the National Quality Forum agreed on 21 
outcome and process measures for cardiac operations. 
These measures became the standards for the fi rst public 
reporting initiative for risk-adjusted clinical adult cardiac 
surgery data   

 National voluntary consensus standards for cardiac 
surgery 

  1.  Participation in a systematic database for cardiac 
surgery 

  2.  Surgical volume for isolated coronary artery bypass 
graft (CABG) surgery, valve surgery, and 
CABG + valve surgery 

  3.  Timing of antibiotic administration for cardiac 
surgery patients 

  4.  Selection of antibiotic administration for cardiac 
surgery patients 

  5. Pre-operative beta blockade for CABG 
  6. Use of internal mammary for CABG 
  7. Duration of prophylaxis for cardiac surgery patients 
  8. Prolonged intubation 
  9. Deep sternal wound infection rate 
 10. Stroke/cerebrovascular accident 
 11. Post-operative renal insuffi ciency 
 12. Surgical re-exploration 
 13. Anti-platelet medications at discharge for CABG 
 14. Beta blockade at discharge for CABG 
 15. Anti-lipid treatment at discharge for CABG 
 16.  Risk-adjusted inpatient operative mortality for 

CABG 
 17. Risk-adjusted operative mortality for CABG 
 18.  Risk-adjusted operative mortality for aortic valve 

replacement (AVR) 
 19.  Risk-adjusted operative mortality for mitral valve 

replacement/repair (MVR) 
 20. Risk-adjusted operative mortality for MVR + CABG 
 21. Risk-adjusted operative mortality for AVR + CABG 

  Adapted from National Quality Forum Consensus Report 
on Cardiac Surgery, 2004. National Quality Forum, 601 
Thirteenth Street, NW, Suite 500 N, Washington, DC 
20005  

   Table 36.2    Utilizing Bayesian modeling and distribu-
tion to calculate the STS CABG Composite Scores, the 
majority often fall at the 2-star level with smaller propor-
tions at the 1-star and 3-star level   

 Star
rating 

 Spring
2007 
(%) 

 Fall
2007 
(%) 

 Spring 
2008 
(%) 

 Fall
2008 
(%) 

 Spring 
2009 
(%) 

 1  12.9  11.4  12.1  12.1  12.2 
 2  72.0  76.5  76.2  74.1  72.3 
 3  15.1  12.1  11.6  13.9  15.5 
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the fi ve major risk-adjusted major complications 
(reoperation, stroke, renal failure, deep sternal 
wound infection, or prolonged ventilator sup-

port); the third domain is use of the internal mam-
mary artery for revascularization; and the fourth 
is use of all evidence- based perioperative medica-
tions (aspirin, statins, beta blockers). To enhance 
consumer understanding, while at the same time 
providing drill-down capability for more sophis-
ticated stakeholders, STS provides star ratings as 
well as numerical scores (Fig.  36.1 ).

     On September 7, 2010, voluntary public 
reporting of the composite scores for isolated 
CABG commenced with a collaborative effort 
between STS and Consumers Union, publisher 
of the widely popular Consumer Reports maga-
zine. In January 2011, STS launched STS Public 
Reporting Online, a section of its website dedi-
cated to the reporting of composite scores for 
 isolated CABG and to providing public report-
ing-related resources. In January 2013, STS 
began the voluntary public reporting of compos-
ite scores for isolated aortic valve replacement 
(AVR). Moving forward, STS plans to develop 
and publicly report an additional composite score 

   Table 36.3    STS CABG Composite Score utilizing 4 
domains and 11 cardiac surgery measures endorsed by the 
National Quality Forum   

  Perioperative medical care bundle  
  All  four indicated medications given 
  Preoperative  β  blockade 
   Discharge aspirin,  β  blockade, and lipid-lowering 

agents −2° prevention 
  Operative care  
 Single process measure: IMA use 
  Risk-adjusted operative mortality  
  Postoperative risk-adjusted major morbidity bundle  
 Risk-adjusted occurrence of  any  of the following 
  Renal insuffi ciency 
  Deep sterna wound infection 
  Re-exploration 
  Stroke 
  Prolonged ventilation/intubation 

   IMA  internal mammary artery  

Quality
Domain

Participant Score
(98 % CI)

STS Mean
Participant Score

Participant
Rating1

Distribution of Participant Score
• = STS Mean

Participant

Participant

Participant

Participant

Participant

Min
10.0

10th
38.3

50th
58.4

90th
76.0

Max
90.3

Min
57.7

Min
48.1

Min
93.4

Min
83.9

10th
86.6

50th
94.4

90th
97.8

Max
99.4

10th
79.1

10th
96.9

10th
92.6

50th
86.3

50th
97.9

50th
94.7

90th
91.5

90th
96.6

90th
96.2

Max
96.0

Max
99.2

Max
97.8

94.5 %

97.8 %

85.6 %

92.9 %

57.6 %38.6 %
(31.7, 45.7)

77.0 %
(70.5, 82.9)

88.8 %
(84.3, 92.4)

97.9 %
(96.8, 98.7)

92.5 %
(91.2, 93.7)

2006
Overall

2006
Avoidance
of Mortality

2006
Avoidance

of Morbidity2

2006
Use of
IMA3

2006
Medications4

STS Composite Quality Rating

Participant 99999
STS Spring 2007 Report Duke Clinical Research Institute

DUKE UNIVERSITY MEDICAL CENTER

  Fig. 36.1    Sample of the STS CABG Composite Score 
report provided to database participants semiannually 
(Note: sample data; not associated with a patient) (© The 

Society of Thoracic Surgeons 2014, used with permission 
from STS. All rights reserved)       
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every year. In 2014, a composite score for com-
bined AVR and CABG will be added to the STS 
public reporting portfolio. In 2015, a composite 
score for mitral valve surgery will be added to 
the STS public reporting portfolio. Also in 2014, 
STS plans to begin publicly reporting pediatric 
cardiac surgical outcomes. Finally, in 2015, STS 
plans to begin publicly reporting general thoracic 
surgical outcomes beginning with isolated lobec-
tomy in 2015 and likely progressing to esopha-
gectomy in 2016. 

 Recently, the STS National Database has fur-
ther extended its value beyond 30 day outcomes 
with the linkage to external data sources such as 
those provided by the Centers for Medicare and 
Medicaid Services. These data linkages have 
been achieved using probabilistic and determin-
istic matching [ 31 ], thus providing an extraor-
dinary tool for multi-year longitudinal outcome 
to address important clinical questions, such as 
long term outcomes, readmissions, re-interven-
tions, and costs [ 32 ]. Although its availability is 
currently in question, the Social Security Death 
Master File has also been useful in validating 
longitudinal mortality across all age ranges. The 
National Death Index is another source of longi-
tudinal information about life status [ 33 ].  

    Quality Measurement and Public 
Reporting in Pediatric 
and Congenital Heart Surgery 

 Events at Bristol, England [ 34 ], Denver, 
Colorado [ 35 – 41 ], Winnipeg, Canada [ 42 ], 
and recently Lexington, Kentucky [ 43 ], have 
clearly demonstrated the importance of multi-
institutional quality measurement in pediat-
ric and congenital cardiac surgery. The Bristol 
Report presents the results of the inquiry into 
the management of the care of children receiv-
ing complex cardiac surgical services at the 
Bristol Royal Infi rmary between 1984 and 1995 
and relevant related issues. In the Bristol Report, 
approximately 200 recommendations are made, 
many of which relate to the need for accurate 
multi-institutional outcomes databases to quan-
titate outcomes of care rendered to patients 

with pediatric and congenital cardiac disease. 
Perhaps less well-known than the Bristol Report, 
the Report of the Manitoba Pediatric Cardiac 
Surgery Inquest presents data from an inquest 
involving 12 children who died while undergo-
ing, or soon after having undergone, cardiac sur-
gery at the Winnipeg Health Sciences Centre in 
1994. These events demonstrate the importance 
of a meaningful and fair method of multi-insti-
tutional analysis of outcomes for congenital car-
diac surgery. 

 Building upon the progressively data-driven 
approach of the STS Adult Cardiac Surgery 
Database, transformative developments have 
occurred over the past 15 years through the estab-
lishment and maturation of the STS Congenital 
Heart Surgery Database, including an interna-
tional collaboration to defi ne and develop global 
standards in outcome reporting of pediatric car-
diac operations. This work has helped to reshape 
and clarify not only how congenital heart surgery 
is reported, but even how it is performed, through 
specifi c patho-anatomic defi nitions and tracking 
related outcomes. As of January 1, 2014, the STS 
Congenital Heart Surgery Database contains data 
from 117 of the 125 hospitals (93.6 % penetrance 
by hospital) in the United States that perform 
pediatric cardiac surgery and 3 of the 8 centers in 
Canada (Fig.  36.2 ).

   The International Congenital Heart Surgery 
Nomenclature and Database Project was a joint 
initiative of STS and The European Association 
for Cardio-Thoracic Surgery (EACTS). It estab-
lished data elements and key outcome variables 
that are the foundation for international col-
laboration in the recording and reporting of 
pediatric cardiac data [ 4 ]. The nomenclature 
of the International Congenital Heart Surgery 
Nomenclature and Database Project was cross- 
mapped to the nomenclature of the European 
Pediatric Cardiac Code of the Association 
of The Association of European Pediatric 
Cardiology (AEPC) to create the International 
Pediatric and Congenital Cardiac Code 
(IPCCC) [ 44 ]. The IPCCC and data standards 
of STS and EACTS are now utilized by both 
organizations and have provided the platform 
for the analysis of over 250,000 pediatric and 

36 Public Reporting of Pediatric Cardiac Data



486

congenital cardiac operations. Efforts to defi ne 
risk adjustment have also evolved from meth-
odologies based primarily on subjective prob-
ability and expert opinion, ( R isk  A djustment 
for  C ongenital  H eart  S urgery-1 Categories 
[ RACHS-1   Categories ] and  A ristotle  B asic 
Complexity  L evels [ ABC Levels ]) to meth-
odologies based on the use of objective data 
and Bayesian algorithms (The  S ociety of 
 T horacic Surgeons – European  A ssociation 
for Cardio- T horacic Surgery Congenital Heart 
Surgery Mortality Categories [ STAT Mortality 
Categories ]) [ 5 – 7 ]. 

 STS has collaborated with the Congenital 
Heart Surgeons’ Society (CHSS) to develop 
and endorse metrics to assess the quality of care 
delivered to patients with pediatric and con-
genital cardiac disease [ 45 ]. The 21 “Quality 
Measures for Congenital and Pediatric Cardiac 
Surgery” that were developed and approved by 
the Society of Thoracic Surgeons (STS) and 

endorsed by the Congenital Heart Surgeons’ 
Society (CHSS) were published in 2012 and are 
listed in Table  36.4 . These Quality Measures are 
organized according to Donabedian’s Triad of 
Structure, Process, and Outcome. Three of these 
measures have been endorsed by The National 
Quality Forum:
•     Participation in a National Database for 

Pediatric and Congenital Heart Surgery  
•   Surgical volume for Pediatric and Congenital 

Heart Surgery: Total Programmatic Volume 
and Programmatic Volume Stratifi ed by the 
Five STAT Mortality Categories  

•   Operative Mortality Stratifi ed by the Five 
STAT Mortality Categories    
 STS has recently developed a platform for 

the public reporting of congenital cardiac opera-
tions based on a series of benchmark operations 
(Table  36.5 ) and the empirically derived STAT 
risk categories [ 46 – 48 ]. Previous analyses of the 
STS Congenital Heart Surgery Database have 

The Society of Thoracic Surgeons (STS) National Database
Congenital Heart Surgery Database Participants
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  Fig. 36.2    Representation of the completeness of the STS 
Adult Cardiac Surgery Database in the representation of 
cardiac surgery in the United States (Reprinted with per-
mission from   http://www.sts.org/sites/default/fi les/docu-

ments/adultcardiacMap2.pdf    , updated September 16, 
2013, accessed January 22, 2014. © The Society of 
Thoracic Surgeons 2014, used with permission from 
STS. All rights reserved)       
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documented substantial variation across institu-
tions in discharge mortality and postoperative 
length of stay across these benchmark operations 
[ 46 ] and STAT categories [ 47 ].

       Future Directions for Public 
Reporting of Pediatric Cardiac Data 

 After 3 years of successful public reporting of 
adult cardiac data from the STS Adult Cardiac 
Surgery Database, STS is on the cusp of publicly 
reporting pediatric cardiac surgical data, an initia-
tive that is expected to commence in 2014. Plans 
are in place to initially publicly report data from 
the STS Congenital Heart Surgery Database in 
three states: Florida, Delaware, and Pennsylvania. 
All participant sites and surgeons in these three 
states have agreed to publicly report these out-
come data, and the political leadership of these 
states has agreed to adopt the STS public report-
ing methodology as the mode to disseminate this 
information. These statewide platforms for pub-
lic reporting of pediatric and congenital cardiac 
data will contain identifi ed, site-specifi c data 
compared to both national aggregate data and the 
state peer group cohort. The plan is to initially 
make this information available on state- specifi c 
websites for public dissemination within each 
state. Later in 2014, this initiative will expand to 
the national level on a voluntary basis and will be 
reported on the STS website. 

 Future plans include implementation of 
enhanced risk adjustment methodologies and the 
creation of a composite score for pediatric and 
congenital cardiac surgery. This composite score 
would likely be based on the two domains of 

   Table 36.4    Quality measures for congenital and pediat-
ric cardiac surgery   

  1.  Participation in a  national database  for pediatric and 
congenital heart surgery 

  2.   Multidisciplinary rounds  involving multiple 
members of the healthcare team 

  3.  Availability of institutional  pediatric ECLS 
(extracorporeal life support) 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 2 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 
and weight-appropriate dosage  for pediatric and 
congenital cardiac surgery patients 

 11.  Use of an  expanded pre-procedural and post-
procedural “time-out”  

 12.  Occurrence of new post-operative  renal failure  
requiring dialysis 

 13.  Occurrence of new post-operative  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 
interventional cardiovascular catheterization 
procedure 

 18.   Operative mortality  stratifi ed by the fi ve 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  

   Table 36.5    Benchmark operations in congenital heart 
surgery as defi ned by the Society of Thoracic Surgeons 
Congenital Heart Surgery Database   

 Benchmark operations in congenital heart surgery 

 1. Ventricular septal defect (VSD) repair 
 2. Tetralogy of fallot repair 
 3. Complete atrio-ventricular canal repair 
 4. Arterial switch operation (ASO) 
 5. ASO + VSD repair 
 6. Fontan operation 
 7. Truncus arteriosus repair 
 8. Norwood procedure 

  Adapted from [ 35 ] 
 An analysis of the STS Congenital Heart Surgery 
Database revealed that variation in outcome was most 
prominent for the more complex operations  

36 Public Reporting of Pediatric Cardiac Data
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mortality and morbidity, each stratifi ed by STAT 
categories and further informed by additional 
patient and procedure specifi c variables. This 
methodology will eventually allow for public 
reporting of observed to expected risk-adjusted 
mortality and morbidity, standardized mortal-
ity rates (adjusted mortality rates), and even star 
ratings similar to those used by the STS Adult 
Cardiac Database. 

 Pediatric cardiac data reporting is rapidly 
evolving and adapting to the current era of public 
reporting. It is through persistent evidence-based 
analysis and continued international collabora-
tion that we can make clear, accurate, audience- 
appropriate, risk-adjusted pediatric cardiac data 
available to patients, families, regulators, and 
payers, Simultaneously, we need to motivate hos-
pitals and providers to refi ne their structures and 
processes to augment the value of their health-
care delivery.     
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  37      Communication Chaos: How 
Incomplete and Confl icting 
Information Prevents Improved 
Outcomes for Patients 
with Pediatric and Congenital 
Cardiac Disease (and What We Can 
Do About It) 

              Debra     Hilton-Kamm       and     Helen     Haskell     

    Abstract  

  Congenital heart disease (CHD) occurs in approximately 8 of 1,000 births, 
with approximately one-third requiring invasive treatment or resulting in 
death within the fi rst year of life. Parents of children with complex CHD 
need timely and accurate information regarding the diagnosis, treatments, 
surgical outcomes, and protocols of follow-up to provide the best care 
for their children. Decision- making at the time of diagnosis is especially 
critical; hospital choice is a major predictor of survival, yet most parents 
do not have access to data about surgical outcomes upon which to choose 
the most appropriate facility for their child. The information received 
from physicians, the Internet, and other sources is highly variable, unveri-
fi able, and often inaccurate, further complicating the process of decision- 
making. Despite the limitations and concerns of publicly reporting data 
about surgical outcomes, we argue that this information must be acces-
sible to parents at diagnosis to ensure true informed consent and to achieve 
best outcomes. Improved communication throughout the lifetime of the 
patient is also needed to ensure awareness and treatment of potential co-
morbidities associated with CHD. The Internet provides an unprecedented 
opportunity for improved education of patients and their parents as well 
as collection of data regarding issues related to complications and quality 
of life that are not yet well understood in this population. These methods 
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        Introduction 

 The diagnosis of a child’s complex congenital 
heart disease (CHD) is an emotionally diffi cult 
time for parents. While they mourn the loss of 
their “healthy” child, they must wade through 
medical jargon, complex treatment options, 
and probabilities of outcomes, and make deci-
sions that will affect the life of their child and 
the future of their family. When the diagno-
sis is made prenatally, parents have more time 
to research options for treatment and mentally 
prepare for the birth of their child. At this time, 
termination of the pregnancy may be consid-
ered, depending upon the timing of diagnosis, 
the beliefs of the family, and applicable laws. 
Post-natal diagnosis of complex CHD leaves less 
time for parents to research and make decisions 
regarding options for treatment, and may result 
in the mother staying in one hospital recovering 
from delivery while the infant is transferred to 
another facility for stabilization and/or surgery. 
Regardless of the timing of diagnosis, the facil-
ity at which the child is born is a major predictor 
of the child’s chance of survival [ 1 ]. However, 
parents are often unaware of the well-docu-
mented disparities in surgical outcomes between 
facilities [ 2 – 5 ].  

    Limited Publicly Reported Data 

 The European Association for Cardio-Thoracic 
Surgery (EACTS) has created a voluntary 
database that collects information about the 
outcomes of patients undergoing pediatric 
and congenital cardiac surgery. The EACTS 
Congenital Heart Surgery Database consists of 
265 congenital heart centers in 36 European 

countries and 147 centers in 43 countries out-
side of Europe [ 6 ]. Data are publicly available 
but are geared toward medical professionals 
with the goal of improving survival and qual-
ity of life through comparisons of mortality and 
morbidity between centers. Several kinds of 
reports can be generated online detailing surgi-
cal parameters, characteristics of patients, and 
the top 5 centers in a given cohort based upon 
criteria entered by the user. Center names are 
excluded; all information is anonymous and 
confi dential [ 6 ]. 

 In contrast, the National Institute for 
Cardiovascular Outcomes Research (NICOR), 
in the United Kingdom (U.K.), provides data 
targeted directly to consumers [ 7 ]. Using infor-
mation collected by its Central Cardiac Audit 
Database (CCAD), NICOR has developed an 
easily accessible public website, which names 
each facility and its associated outcomes for 
patients with CHD. This CHD portal is an 
attempt to ensure transparency of data to avoid 
another incident such as the “Bristol Inquiry,” 
in which higher than expected mortality rates 
were discovered at an English hospital [ 8 ,  9 ]. 
According to the CCAD website: “As a result of 
the Bristol Inquiry, which concluded that up to 
35 babies died unnecessarily following referral to 
the Bristol Royal Infi rmary, all paediatric cardiac 
centres in England and Scotland participate in the 
congenital heart disease audit” [ 10 ]. The Internet 
portal allows parents to view information by hos-
pital name, including volume and rates of mor-
tality stratifi ed by procedure. An explanation of 
the non-risk adjusted mortality rates is provided, 
alerting parents that variation in outcome may 
be due to case mix (more high-risk or low-risk 
patients in comparison to the profi le of risk in 
the aggregate population of patients), or random 

of communication and collection of data are critical in achieving the best 
long-term outcomes for patients with complex congenital heart disease.  

  Keywords  

  Congenital heart disease   •   Publicly reported data   •   Patient education   • 
  Internet   •   Data collection   •   Parent survey   •   Facebook  

D. Hilton-Kamm and H. Haskell



493

variation and fl uctuation [ 10 ]. Critics argue that, 
“Without risk adjustment, the publication of raw 
mortality rates of individual centres is meaning-
less, of no use to the public, and useless as a qual-
ity instrument for the professionals” [ 8 ]. Other 
surgeons, however, believe that parents will not 
use this data in lieu of physician consultations, 
but as a framework for discussion with physi-
cians about the most appropriate location of care 
for their child [ 8 ]. 

 In the United States of America (U.S.A.), 
public reporting of multi-institutional data about 
outcomes of patients with congenital heart dis-
ease data is currently limited to the legally man-
dated reporting by the state of New York which 
has provided volume and mortality data by pro-
cedure since 2004, based upon data beginning 
in 1997 [ 11 ]. Parents accessing this statewide 
data are unable to make comparisons to facili-
ties elsewhere in the U.S.A. However, this situ-
ation will soon change. The Society of Thoracic 
Surgeons (STS) Congenital Heart Surgery 
Database is the largest clinical database in the 
world that tracks outcomes of patients under-
going pediatric and congenital cardiac surgery. 
The Spring 2014 STS Congenital Heart Surgery 
Database Report contains data from 119 of the 
125 hospitals (95.2 % penetrance by hospital) 
in the U.S.A. that perform pediatric and con-
genital cardiac surgery and 3 of the 8 centers 
in Canada that perform pediatric and con-
genital cardiac surgery. In late 2014, the STS 
Congenital Heart Surgery Database is slated to 
begin voluntary public reporting of outcomes 
of patients undergoing pediatric and congenital 
cardiac surgery.  

    Current Sources of Information 
for Parents 

 In the absence of publicly reported data on con-
genital heart disease, parents seek information 
from a variety of sources, the content, scope, and 
accuracy of which is widely variable and unveri-
fi able. The following are examples of sources of 
information parents may access at diagnosis and 
the limitations of each. 

    Physicians 

 Parents may receive the diagnosis from obstetri-
cians, pediatricians, perinatologists, or pediatric 
cardiologists, either prenatally or after birth. The 
broad range of CHDs, and relatively low incidence 
of complex congenital cardiac conditions, make it 
diffi cult for all physicians to have in- depth knowl-
edge of treatments and current rates of survival 
for each. When asked to rate educational topics 
in prenatal and neonatal counseling, parents rated 
almost all topics as more important than cardi-
ologists did. Topics included the ability to name 
and describe the heart condition and understand-
ing of medications, long-term complications, and 
exercise limitations, among others. Obtaining 
more information on CHD via websites, written 
information, and referrals to other families was 
also rated signifi cantly higher in importance by 
parents than by cardiologists. These data suggest 
that parents view patient education differently 
than physicians do, and prefer more information 
at diagnosis than cardiologists provide [ 12 ]. 

 Accurate information on treatments is espe-
cially important for complex heart conditions that 
need immediate intervention. One of the most 
severe forms of CHD is hypoplastic left heart 
syndrome (HLHS) in which the left side of the 
heart is underdeveloped, leading to death if surgi-
cal intervention is not performed within the fi rst 
week of life [ 13 ]. Some parents report feeling 
pressured by pediatric cardiologists to terminate 
their pregnancies when receiving the diagno-
sis of HLHS prenatally [ 14 ]. Treatment options 
include: 3-stage palliation [ 13 ,  15 – 19 ], infant 
heart transplantation [ 20 ], hybrid procedure 
[ 21 ], or fetal intervention [ 22 ]. Despite vastly 
improved rates of survival [ 13 ], nonintervention, 
or “comfort care,” which results in the death of 
the child within days or weeks of birth, is also 
sometimes offered for babies with HLHS [ 23 ]. 
Debate continues as to whether nonintervention, 
which is usually not offered for any other CHD, 
should still be offered to parents of babies with 
HLHS, in light of the signifi cant improvements 
in outcome for patients with HLHS [ 24 ,  25 ]. 

 Parents may not always receive timely and 
accurate information on surgical options available. 
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Karamlou et al. found that neonates with HLHS 
were less likely to undergo surgical intervention 
if admitted to a non-interventional or rural hospi-
tal, or to a facility that performs a lower volume 
of complex congenital heart surgeries. However, 
neonates admitted to  interventional hospitals 
generally undergo either Norwood staged pallia-
tion or heart transplantation [ 1 ]. The study con-
cluded, “Despite improved surgical outcome, the 
majority of infants continue to receive no surgi-
cal care” [ 1 ]. It is unknown how many parents 
at non- interventional, rural, or low-volume facili-
ties are made aware that life-saving surgical treat-
ments are available at other facilities.  

    “Why Didn’t the Doctor Tell Me 
About the Surgeries?” 

 After learning of teenage and older survivors of 
HLHS, a parent emailed the HLHS Information 
Page website expressing shock and anger that 
surgical options were not presented to her. She 
had “chosen” non-intervention for her infant who 
passed away shortly after birth, after physicians 
told her that nothing could be done for her child. 
Learning of the options after the fact led to feel-
ings of guilt for trusting the information given 
by physicians and not seeking a second opinion 
(Hilton-Kamm D, email correspondence Feb 
2003). 

 Even when learning of the availability of 
surgical intervention, parents have little way of 
knowing the large disparity between hospitals in 
rates of survival after surgery for pediatric and 
congenital cardiac disease. A facility can claim 
a 100 % survival rate if it has completed only 
one surgery and that patient survived for 30 days. 
In the absence of comparative data, and without 
context, this information can be grossly mislead-
ing to parents making life-altering decisions for 
their children. 

 Signifi cant variation in outcomes between 
centers is most prominent for the more complex 
operations [ 26 ]. Several studies have shown that 
lower mortality rates correlate with higher surgi-
cal volume of the Norwood procedure [ 2 ,  3 ,  26 ]; 
some indicate that survival rates at higher vol-

ume institutions can be more than double those 
at lower volume centers [ 4 ,  5 ]. This information 
is vital to parental decision-making. However, 
a nationwide survey of parents of children with 
CHD in the U.S.A. found that of 841 parents, 
only 16 % received information on success rates 
at different hospitals [ 27 ]. When asked what else 
would have been helpful at diagnosis, several 
respondents mentioned learning of outcomes at 
different facilities:

  It would also have been helpful to receive stats on 
the best hospitals and surgeons in the country for 
my son’s particular heart defect. Parents should 
know they have options. It shouldn’t be a given 
that you automatically go to the closest hospital/
surgeon just b/c of proximity. Parents need to be 
given information, choices and some control over 
their child’s care. 

 Knowing where the best centers were located and 
websites. When at ( hospital name removed ) they 
never mentioned the amazing outcomes of ( hospital 
name removed ). Providers should give out the info 
that would best help the patient. 

   Institutional and physician bias has also been 
documented in several studies. Kon et al. found 
that recommendations about treatment were not 
associated with the belief of the physician regard-
ing the best outcome, but instead with the proce-
dure most commonly performed at the hospital 
affi liated with the physician [ 23 ]. Prsa and col-
leagues found that physicians did not relate all 
options for treatment of HLHS to parents, and 
that cardiologists were more likely to recom-
mend surgical intervention if they practiced at an 
active cardiac surgery program, estimated higher 
post-operative survival, or believed they would 
choose surgery for their own child [ 28 ]. 

 The decisions of parents to terminate the preg-
nancy or choose non-intervention rely heavily 
upon estimates of the survival and projected qual-
ity of life of their child. Some predict that 70 % 
of newborns born today with HLHS may reach 
adulthood [ 13 ]. However, one study of pediatric 
cardiologists at the largest 14 cardiac centers in 
the U.S.A. found that estimates of individual phy-
sicians of 1-year survival for the 3-stage surger-
ies and heart transplantation ranged from 30 to 
88 % and 5 to 90 %, respectively [ 23 ]. Arya and 
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colleagues found that parents rated quality of life 
as the most important determinant in consider-
ing termination of the pregnancy [ 12 ]. However, 
physicians may have different and more nega-
tive views of quality of life for survivors of CHD 
than parents and the patients themselves. Marino 
and colleagues found that health care providers 
focused mainly on in-hospital issues (fear of pro-
cedures, separation anxiety) while parents focused 
on broader quality of life issues that were not just 
hospital-related. Adolescent patients and parents 
also attributed positive factors to the CHD, such as 
being a “stronger person” or “more compassion-
ate,” whereas health care providers focused more 
on the negative aspects of management of chronic 
disease [ 29 ]. Therefore, how survival and quality 
of life issues are presented to parents may greatly 
impact decision-making at diagnosis. Physicians 
may also inadvertently give parents the impres-
sion of a negative prognosis by the terminology 
they use in counseling. A nationwide survey of 
parents of children with CHD in the U.S.A. [ 27 ] 
found that of 841 parents who responded, two-
thirds were told the CHD was “rare” which was 
interpreted to mean
•    “few or no other people alive with this defect” 

by 27 % of respondents, and  
•   “occurring in less than a million births” by 

25 %.     

    Internet Resources 

 In 2002, Ikemba and colleagues found that more 
than half of parents with access to the Internet 
researched information about CHD on the 
Internet, and that the majority of those who did 
found the information helpful and easy to obtain 
[ 30 ]. It is likely that the number of parents using 
the Internet has increased substantially since 
the publication of this study over a decade ago. 
Internet searches of CHD may result in
•    medical websites,  
•   webpages of individual hospitals,  
•   hospital or medical advertising,  
•   support networks,  
•   personal webpages and blogs of other parents, 

and even  

•   law fi rms recruiting clients for malpractice 
suits.    
 While some physicians warn parents against 

researching the Internet due to the possibility of 
fi nding inaccurate information, some parents fi nd 
more detailed information online than from the 
physician, according to open-ended responses 
from a nationwide survey [ 14 ]:

  Everything discussed around HLHS was negative 
and made us feel like we had no choice other than 
termination. Only after I googled on my cell phone 
while waiting did I determine that people actually 
can survive HLHS. 

 The primary doctors who fi rst diagnosed the condi-
tion did not give termination as an option; he told 
us we had no other choice. We found out that night 
through Internet searches that there were other 
options… 

   Parents seeking information about outcomes 
may have a diffi cult time fi nding data or compar-
ing facilities due to differing ways in which data 
are presented. Hospital websites that offer statis-
tics may
•    present data annually or aggregated for several 

years,  
•   use risk-adjusted or non risk-adjusted rates of 

mortality, and/or  
•   include data by stratifi ed by procedure or 

aggregated to include the total number of 
operations.    
 Parents accessing peer-reviewed medical 

journal articles may only have access to the free 
abstracts, which do not include the totality of the 
study. Without context regarding when the study 
was completed, where it was performed, and which 
populations of patients were included, the results 
may be misleading to parents. Parents may also not 
be aware that journal publications may be more 
heavily weighted towards major teaching institu-
tions and may not be representative of all hospitals.  

    Other Parents 

 Parents receiving a diagnosis may seek support 
groups or referrals to other families by social 
workers or physicians to learn of fi rst-hand 

37 Communication Chaos: How Incomplete and Confl icting Information Prevents Improved Outcomes



496

experiences. In addition to providing emotional 
support and empathy to parents going through 
similar situations, other parents are also able to 
share practical tips, information on resources, and 
issues to discuss with physicians. Those  raising a 
child with CHD may give newly diagnosed par-
ents different perspectives than medical profes-
sionals. One concern when connecting parents to 
others is ensuring that parents understand that the 
experience and outcome of one child is not neces-
sarily predictive of the experience and outcome 
of another child. Individual webpages and posts 
on Facebook, CaringBridge, CarePages, or per-
sonal blogs may provide some parents with false 
hope if their child has a more severe condition 
than the child written about. Conversely, these 
anecdotal accounts may dash the hopes of some if 
they read about children with more severe CHD, 
those with major complications, or those who 
have died. Some of these personal sites may also 
unintentionally provide misinformation, mislead-
ing parents as to the nature of the condition, treat-
ments, or prognosis for their child. 

 Many organized support groups have been 
created by parents, in part due to the lack 
of a national organization focused solely on 
CHD. These groups may have in-person meet-
ings or, more commonly, online listservs. The 
main advantage of online groups is the ability 
to access information and support at any time 
of day or night from others who have similar 
diagnoses. One posting by the parent of a newly 
diagnosed child can result in multiple responses 
within hours from parents across the nation, or 
even from other countries, allowing for diverse 
perspectives and a broad range of outcomes. 
Parents often seek information on surgical facili-
ties in an effort to compare hospitals and choose 
an appropriate facility. Support groups often 
include discussions of feeding issues, devel-
opmental delays, medications, and many other 
vital topics that benefi t all who attend meetings, 
or read online postings. Parent-created websites 
such as the HLHS Information Page [ 31 ] and 
CHDResources [ 32 ] (created by the co-author) 
are dedicated to improving outcomes through 
facilitating communication between parents 
and physicians. These websites provide ques-

tions for parents to ask physicians and insurance 
companies to help fi nd the most suitable surgi-
cal facility, tips on how to prepare for surgery, 
descriptions of medical specialists who may 
work with the child, and other vital information 
for parents (See Table  37.1 ). Parents who do not 
have Internet access or who do not actively seek 
information online may not benefi t from these 
resources and differing perspectives.

   Table 37.1    Selected patient educational materials for 
parents of children with congenital heart disease   

 Document  Description 

 Resource guide  Information for parents on fi nding 
medical information and insurance/
fi nancial information, applying for 
Early Intervention services, 
obtaining 504 plans and Individual 
Education Plans (IEP’s) through the 
school system, and more 

 What to ask the 
surgeon and 
hospital 

 A list of questions to help compare 
hospital facilities, services, and 
outcomes 

 What to ask 
the insurance 
company and 
common insurance 
terms 

 Important terms to better understand 
coverage and costs with a list of 
questions to determine specifi c 
benefi ts, restrictions, and out-of-
pocket costs 

 Internet resources  Selected online resources for heart 
diagrams and information on 
specifi c diagnoses 

 Preparing for 
your child’s 
hospital stay 

 Tips and suggestions for preparing 
for surgery 

 Medical 
specialists 

 A list and description of different 
medical specialists and questions for 
each 

 Medication tips  Useful tips on administering 
medications properly 

 Emergency
information form 

 Information every parent should 
have available in case of emergency 
with space to fi ll in important 
information 

 When to call the 
doctor form 

 Form to be fi lled out by physician 
which delineates which symptoms 
warrant a call to the doctor, or a trip 
to the ER 

 Follow-up 
care form 

 Timeline for follow-up visits, 
vaccinations, therapies, etc 

 Physical 
activity form 

 Form to clarify appropriate activities 
for the child with CHD for parents, 
schools, and other caretakers 

  All handouts and forms are downloadable for free from 
  www.CHDResources.org      
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       Insurance Providers 

 When faced with a diagnosis of CHD, parents 
often consult with their health insurance com-
pany to learn if they have a choice of facilities 
at which to deliver the baby and/or have surgi-
cal intervention. United Health Care, through 
OptumHealth, and Aetna have identifi ed hos-
pitals that achieve better outcomes through 
lower mortality and morbidity [ 33 ,  34 ]. These 
“Centers of Excellence” consist of facilities 
that meet certain criteria and are willing to con-
tract for lower reimbursement rates. Parents are 
then urged by the insurance company to utilize 
those contracted facilities for surgical treat-
ments. Parents, however, may not be privy to 
the methodology used to determine which facil-
ities are included, and may be unaware of the 
fi nancial incentive of the insurance company to 
refer patients to these contracted facilities. In 
addition, parents may not learn of facilities out-
side the insurance network that might be com-
parable or better suited to the cardiac condition 
of their child.  

    Magazine Rankings 

 Parents may also encounter published rank-
ings of hospitals in their search for outcomes 
data. Parents Magazine publishes the “10 Best 
Children’s Hospitals for Heart Care” with no 
methodology included on the website for how 
these facilities were chosen. The site merely 
states, “Survival rates for tricky heart surger-
ies, experience in treating heart problems, and a 
robust research program were among the factors 
that helped put these hospitals on top” [ 35 ]. In 
contrast, the list of “Best Children’s Hospitals” 
by U.S. News & World Report details its com-
plex scoring system in a 98-page online meth-
odology report [ 36 ]. Submission of hospital 
data is voluntary; 98 of 178 eligible hospitals 
provided data to be considered for the 2012–
2013 rankings. To achieve maximum points, a 
pediatric cardiology and cardiac surgical facil-
ity must perform the Norwood procedure and 
heart transplantation, and have a program for 

adults with congenital heart disease [ 37 ]. These 
criteria may not be applicable to parents whose 
children have congenital anomalies other than 
HLHS or who do not require heart transplanta-
tion. It is also unlikely that families consider a 
program for adults with congenital heart disease 
as a major factor in their decision-making when 
choosing a hospital for surgery for their infant. 
These rankings create the impression that there 
is one “best” hospital for all pediatric patients 
needing cardiac surgery. This impression may 
result in some parents seeking care for less com-
plex conditions at these high volume facilities 
when another hospital could provide comparable 
services and outcomes. In 2012, US News & 
World Report reported that a programming error 
affected some scores of hospitals, leading to a 
mis-ranking of facilities [ 37 ]. Hospital advertis-
ing is promoted on the US News & World Report 
site - even within the rankings – which can be 
misleading to parents seeking objective informa-
tion. Many hospitals with high rankings on these 
lists display that information on their individual 
institutional websites to promote their cardiol-
ogy and cardiac surgical services [ 38 – 41 ].   

    Publicly Reported Data: Obstacles 
and Benefi ts 

 It is clear that the current information avail-
able to parents is often subjective, incomplete, 
or inaccurate. Depending upon where a child 
with CHD is born or diagnosed, the progno-
sis and surgical results may vary considerably. 
Therefore, the basic tenet of informed con-
sent – understanding the risks and benefi ts of 
all treatment options – is currently non-existent 
for many parents of children with complex CHD 
[ 42 ]. Public reporting of surgical outcomes for 
patients with pediatric and congenital cardiac 
disease could change the course of decision-
making for many families and alter the lives of 
their children. It could reduce the chance that 
parents only learn of surgical options after it is 
too late. However, several obstacles have pre-
vented that information from being collected 
and disseminated to parents. 
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    Availability and Verifi cation of Data 

 Unlike the government-mandated collection of 
data about CHD in the U.K., there is no man-
dated, centralized source of data about CHD in 
the U.S.A. As of 2011, the Society of Thoracic 
Surgeons (STS) Congenital Heart Surgery 
Database collected voluntarily submitted data 
from 96 of the 122 hospitals in the U.S.A., pro-
viding the most complete data set of surgical out-
comes for the U.S.A. [ 26 ]. By Spring 2014, as 
noted above, the STS Congenital Heart Surgery 
Database Report contained data from 119 of 
the 125 hospitals in the U.S.A. and 3 of the 8 
Canadian centers that perform pediatric and con-
genital cardiac surgery. The STS data is intrinsi-
cally verifi ed for completeness and accuracy and 
is randomly audited by an independent medical 
audit fi rm. 

In 2011, STS reached an agreement with 
Consumer Reports magazine to publicly report 
outcomes for isolated coronary artery bypass 
graft (CABG) surgery in adults, for surgical 
groups that agreed to do so [ 43 ]. Other STS 
data currently remains confi dential, and can 
only be publicly reported with specifi c approval 
from the surgeon or program in question [ 44 ]. 
However, STS is committed to expansion of its 
program of public reporting of cardiothoracic 
surgical outcomes. The STS has now begun 
to publicly report outcomes for isolated aor-
tic valve replacement (AVR) in adults, as well 
as combined aortic valve replacement (AVR) 
and coronary artery bypass graft (CABG) sur-
gery in adults. Plans are underway to publicly 
report outcomes for isolated mitral valve repair 
and replacement in adults, as well as for lobec-
tomy. In late 2014, the STS Congenital Heart 
Surgery Database plans to begin voluntary pub-
lic reporting of outcomes of patients undergoing 
pediatric and congenital cardiac surgery. STS is 
actively making efforts to expand its portfolio 
of publicly reported measures for all three of its 
databases:
•    STS Adult Cardiac Surgery Database  
•   STS general Thoracic Surgery Database  
•   STS Congenital Heart Surgery Database.     

    Mortality Data 

 A major concern of publicly reporting outcomes 
about congenital heart disease is the possibility of 
misinterpretation of data about mortality. Some 
believe that many parents will simply choose hos-
pitals with the lowest rates of mortality, favoring 
low volume centers with fewer high- risk patients 
and lower unadjusted rates of raw mortality [ 44 ]. 
However, many high volume centers with a sig-
nifi cant portion of high-risk patients currently 
voluntarily publicize their rates of mortality 
online, apparently without fear of losing patients 
to lower volume centers. Many models for report-
ing data about mortality already exist, includ-
ing the CCAD congenital heart disease database 
in the U.K. [ 7 ]. The funnel plots utilized on the 
CCAD data portal prevent patients “from mak-
ing erroneous decisions in favor of surgeons and 
institutions with randomly low mortality rates” 
[ 44 ]. These funnel plots include warning limits to 
alert patients and providers if rates of mortality 
increase beyond an expected threshold [ 7 ]. 

 The STS model of public reporting of data about 
isolated coronary artery bypass graft (CABG) sur-
gery, as well as isolated aortic valve replacement 
(AVR) and combined aortic valve replacement 
(AVR) and coronary artery bypass graft (CABG) 
surgery, uses a star system to indicate surgical 
groups that are at, below, or above average on 
certain variables, including mortality. However, 
the star rating discourages direct comparisons of 
hospitals. The system is voluntary and in the fi rst 
year of reporting included approximately one third 
of the groups who submit data to STS [ 43 ]. It is 
available for free on the STS website and to paying 
subscribers of Consumer Reports [ 45 ,  46 ]. More 
detailed CABG outcome data are available in 
some states (e.g., California [ 47 ], Massachusetts 
[ 48 ], New Jersey [ 49 ], New York [ 50 ], and 
Pennsylvania [ 51 ],) as well as through a report of 
the 50 Top Cardiovascular Hospitals based upon 
Medicare administrative claims data [ 52 ]. 

 Another model is the data published by the 
Scientifi c Registry of Transplant Recipients (SRTR) 
on adult and pediatric organ transplantation, per-
haps the most detailed publicly reported data in the 
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U.S.A. Parents and patients can view the activity of 
individual centers, including waitlist times, trans-
plant volume, and post-transplant outcomes with 
rates of mortality [ 53 ]. As described elsewhere in 
this book (Chap.   15     by Ryan R. Davies, MD), the 
dataset that is commonly referred to as the United 
Network for Organ Sharing (UNOS) Database con-
sists of information collected by UNOS and main-
tained and analyzed by the Scientifi c Registry of 
Transplant Recipients (SRTR).  

    Access to Care: Parental 
Considerations 

 Parental decision-making is a complex process 
with many factors. Insurance, work limitations, 
logistics, and caring for other children all play an 
important role in deciding where to have treatment. 
Therefore, it is unlikely that public reporting of 
data would result in mass migration to centers with 
lower published rates of mortality. Parents expect-
ing a new baby often want to be near family and 
friends, especially when the child has a severe med-
ical condition. Some parents may choose a local 
environment and familiar physicians for reasons of 
emotional stability and comfort, despite published 
data of lower rates of mortality elsewhere [ 54 ]. 

 Some researchers are concerned that access to 
care would be reduced if hospitals refused to accept 
higher risk patients in order to maintain lower pub-
lished rates of mortality [ 44 ]. Parents intuitively 
understand that volume equals experience, how-
ever, and context can be created by providing data 
about volume along with data about mortality. The 
publishing of risk-adjusted outcomes would pro-
vide comparisons of outcomes adjusted for case 
mix and complexity, data that parents do not cur-
rently have at their disposal. While it is possible 
that some lower volume centers may decide to refer 
high-risk cases to more experienced centers, such 
referrals could actually be a desirable outcome 
that could potentially lead to improved survival 
[ 2 ,  55 ]. Public reporting could increase access to 
care for children born at low volume centers or in 
rural areas, by making information on the larger 
universe of surgical facilities available to parents 
at the time of their decision-making.  

    Quality Improvement 

 Public reporting of CHD data could result in qual-
ity improvement, as was reported for data about 
CABG in New York, when mortality decreased 
by 41 % over a 4-year period [ 56 ]. For data about 
congenital heart disease, improvements in qual-
ity could be achieved “…by identifying the best 
providers so that we could learn from them, and 
by identifying low performing centers that can 
benefi t from quality improvement initiatives” 
[ 44 ]. STS has already identifi ed low performing 
“outliers” with statistically signifi cant lower rates 
of survival than the national average [ 26 ]. To 
date, however, these data are not available to par-
ents, who unknowingly “choose” these hospitals 
for surgical treatment of their children. However, 
as described earlier in this chapter, in late 2014, 
the STS Congenital Heart Surgery Database will 
begin voluntary public reporting of outcomes of 
outcomes of patients undergoing pediatric and 
congenital cardiac surgery. 

 The lack of mandated public reporting, then, 
primarily protects
•    low volume centers from reporting their lack 

of experience, and  
•   poor performing outlier facilities from report-

ing their higher rates of mortality.    
 Transparency of information would send 

the signal that the medical community values 
informed parental choice over the protection of 
the reputations of hospitals. Some physicians 
understand the importance of providing these 
data and advocate that physicians take an active 
role in developing standards of public reporting 
“…because doing so is required by our most fun-
damental professional commitment: to do what is 
best for our patients” [ 44 ].   

    The Future: Improved 
Communication for Better 
Outcomes 

 Improved rates of survival have led to an increas-
ing number of children and adults with congeni-
tal heart disease. Some estimate that there are 
currently over one million adult survivors of 
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CHD in the U.S.A. alone [ 57 ]. This growing 
population will require ongoing medical care 
and continuing communication with physicians 
to achieve optimal outcomes; however, current 
information on CHD is fragmented and often 
contradictory, causing confusion and frustration 
among parents and adult patients. Protocols have 
been developed for
•    routine follow-up for those with complex 

CHD [ 58 ] and  
•   neurodevelopmental surveillance, screening, 

and evaluation [ 59 ].    
 These protocols, however, have yet to be 

widely adopted by physicians and hospitals 
and are often unknown to parents and patients. 
Cooperation among hospitals, parental networks 
of support, and other organizations is necessary 
to ensure that consistent and accurate informa-
tion is disseminated to those with CHD. The 
creation of a collaborative between these entities 
could lead to improved fl ow of data to and from 
parents and/or patients, resulting in improved 
outcomes (Fig.  37.1 ).

   Multiple studies [ 60 – 68 ] have shown gaps in 
parental knowledge, including inability to accu-
rately name or explain the diagnosis of their child 
or to exhibit understanding of:
•    infective endocarditis,  
•   respiratory syncytial virus (RSV),  
•   use of medications,  
•   physical limitations,  
•   symptoms of deterioration, and  
•   the importance of life-long cardiac follow-up.    

 This lack of knowledge of co-morbidities 
and complications may lead to inadequate 
medical follow-up, and may negatively impact 
outcomes for children with CHD. Some parents 
have reported that they did not receive informa-
tion from healthcare providers regarding the 
need for life-long cardiac follow-up [ 64 ]. Other 
studies have found that patients with CHD and/
or their parents have other unmet informational 
needs [ 12 ,  69 ]. Studying the content, scope and 
effectiveness of current parent/patient com-
munication would be an important step toward 

developing better and more effective tools of 
communication. 

 Improved communication regarding the 
potential for developmental delays and neurolog-
ical defi cits and how these issues can affect the 
child’s physical, academic, social, and emotional 
well-being is vitally needed. Parents need to 
understand the importance of Early Intervention 
services for infants or toddlers with physical 
delays. Through the school system, parents can 
advocate for their child by creating 504 Plans for 
classroom accommodations and Individualized 
Education Plans (IEPs) in which educational 
services are provided [ 70 ]. Children with com-
plex CHD need their specifi c physical limitations 
and emergency protocols to be communicated 
effectively and accurately to the staff at their 
schools and other caregivers, while ensuring that 
the child receives appropriate levels of physical 
activity. For these children to thrive in the school 
environment and live up to their full potential, 
the medical community must understand these 
ramifi cations of complex CHD and effectively 
communicate to parents how to get the most 
appropriate help. 

 The Internet has created an unprecedented 
opportunity to educate parents and patients 
regardless of which facility they utilize, or even 
if they are not currently receiving medical care 
at all. Lesch and colleagues found that among 
patients aged 10–30, use of the Internet rose with 
the age group, with 52 % of young adult patients 
accessing the Internet for information specifi c to 
CHD [ 69 ]. The Internet can also be used to gather 
valuable data  from  survivors with CHD to help in 
the creation of protocols or services that would 
be benefi cial to this population. The low inci-
dence of complex cardiac conditions and specifi c 
complications such as Plastic Bronchitis (PB) 
and Protein Losing Enteropathy (PLE) necessi-
tates multi-institutional research. Surveys using 
the Internet can be effective in gathering informa-
tion from large numbers of respondents [ 14 ,  69 ], 
enabling the medical community to learn directly 
from those living with congenital heart disease.  
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  Fig. 37.1    Proposed fl ow of data for improved outcomes 
for those with congenital heart disease. Surgical facilities, 
parent/patient support networks and research and educa-
tional organizations provide data to a “collaborative.” This 
centralized source analyzes data and disseminates infor-
mation to parents and patients to improve communication. 

Feedback from patients is also gathered and analyzed to 
help develop protocols and create more effective strate-
gies of communication for use by the surgical facilities, 
support networks and other organizations (© 2013 Debra 
Hilton-Kamm)       
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    Conclusion 

 Advances in surgery, treatments, and avail-
ability of resources have created new opportu-
nities for many patients and families affected 
by CHD. However, the disparity of informa-
tion given at diagnosis results in variation in 
survival depending upon where a child is born 
and what information parents receive. While 
physicians are the primary source of informa-
tion, recommendations for treatment options 
vary greatly, and can be biased towards treat-
ments offered at the facility of the physician. 
Parents, therefore, are often given limited 
comparative information on rates of survival 
and treatments. With no centralized source of 
data about surgical outcomes, parents often 
seek additional information from unverifi ed 
and potentially misleading sources, including 
the Internet, insurance providers, magazine 
rankings, and other parents via support net-
works. To create a level playing fi eld, all par-
ents need access to accurate and verifi able 
data about outcomes for all surgical facilities. 
Without this comparative data, parents make 
life and death decisions for their children 
without true informed consent. 

 As rates of survival increase, parents and 
older patients with CHD also have a critical and 
growing need for greater access to information 
at all stages of life. Parents need to understand
•    the diagnosis,  
•   risks to the health of their child, and  
•   the necessity for life-long follow-up.    

 Improved communication with parents can 
reduce the risk of infective endocarditis and 
respiratory syncytial virus (RSV), and lessen the 
chance of errors involving medications and loss 
to follow-up care. Parents also need to obtain 
timely and accurate information on possible 
developmental delays, behavioral issues, and 
neurodevelopmental outcomes that can nega-
tively impact the academic, social, and emotional 
well-being of their child. Finally, a more con-
certed effort to learn from parents and patients 
about their experiences can help further develop 
improved approaches to families affected by 
CHD. Utilizing the Internet allows for greater 
access to large numbers of respondents across 

multiple hospitals, helping to identify and ulti-
mately treat complications that affect both large 
and small numbers of patients. Improved com-
munication is not only possible, but necessary to 
improve the long-term outlook for the growing 
population of survivors with CHD.     
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