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ABSTRACT: As more adults survive with congenital heart disease, the need to better understand the long- term complications, 
and comorbid disease will become increasingly important. Improved care and survival into the early and late adult years for 
all patients equitably requires accurate, timely, and comprehensive data to support research and quality- based initiatives. 
National data collection in adult congenital heart disease will require a sound foundation emphasizing core ethical principles 
that acknowledge patient and clinician perspectives and promote national collaboration. In this document we examine these 
foundational principles and offer suggestions for developing an ethically responsible and inclusive framework for national 
ACHD data collection.
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The global birth prevalence of congenital heart dis-
ease (CHD) is almost 1% of live births.1 Cardiac 
surgery, transcatheter intervention, and advanced 

medical care have improved survival, and as a result, 
adults with CHD have been estimated to outnum-
ber children with CHD since approximately the year 
2000.2,3 As of 2010, the number of adults with CHD 
in the United States was estimated to be 1.4 million4; 
however, this is extrapolated from administrative data 
sets. These data sets are influenced by discrepancies 
in access to specialized care, correct coding practice, 
resource availability, health insurance coverage, and 
other limitations inherent to such data sets (Figure 1).5– 

7 However, as this population continues to grow, we 
must understand better the long- term complications 
and comorbid diseases faced by patients with adult 
congenital heart disease (ACHD). In so doing we will be 
able to identify opportunities to improve care and ex-
tend survival. Accurate and timely comprehensive data 

must be available to support both research and quality- 
based initiatives.4 However, the ACHD population 
comprises patients with heterogenous anatomy and 
physiology, representing a diverse set of uncommon 
diagnoses. Therefore, data accrual must take place 
from multicenter, preferably national, collaborations.

Large- scale clinical and/or administrative data col-
lection will require a solid foundation and infrastructure 
based on strong ethical principles and consideration 
of both patient and clinician perspectives. As the 
field of CHD seeks to broaden the understanding of 
late congenital heart disease, adult outcomes, and 
quality- based initiatives, meaningful understanding of 
the ethical principles in data sharing is required. We 
recognize there are many ethical constructs, but for 
the purposes of this work, we are focusing on widely 
accepted principles of research ethics: respect for 
people, beneficence, and justice.8 To begin organiz-
ing the conceptual and ethical infrastructure critical 
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to understanding ACHD- based data and clinical out-
comes, and to provide a platform for future data col-
lection, benchmarks and initiatives, we will (1) evaluate 
ethical principles in large- scale data collection for the 
population of patients with ACHD,9 and (2) discuss 
strategies that promote sound governance, avoid bias, 
and promote national collaboration.

CURRENT ACHD DATA SETS IN THE 
UNITED STATES
Administrative and Clinical Databases
In the United States, there is no comprehensive 
ACHD data collection tool or database that collates 
outcome- based data. This presents a challenge for 
observational research and assessment of quality of 
care, because these activities depend on longitudinal 
surveillance programs and comprehensive cohorts.10 
Currently, patients with ACHD in the United States 
are identified through 2 primary sources: administra-
tive databases and clinical databases or registries 
(Table  1). Administrative data bases typically rely on 
health care claims- based information and only include 
patients who are able to access health care. The ben-
efit of this type of Big Data11 is that it has the capacity 

to aggregate and cross- reference a large population,12 
in addition to offering the opportunity to identify small 
patterns or connections within a subset of the larger 
data set.13

Big Data in the area of ACHD may advance med-
ical knowledge in disease diagnosis, treatment, and 
prevention.14 The validity of these data sets remain 
dependent on the accuracy of the diagnostic codes, 
which perform best in those with moderate and com-
plex forms of CHD, in younger patients, and in those 
seen by an ACHD specialist.15 Disease heterogeneity 
remains an important limitation, because administra-
tive data sets often lack detailed historical and clinical 
data, and thus fail to account for the high degree of 
variability in surgical repair, interventional procedures, 
physiologic stage, and disease complexity.16 The main 
strength of administrative data sets is the large size and 
potential to integrate data across health care systems 
and payers. Administrative data sets are often best at 
measuring the magnitude of health care use and cost, 
but they struggle to measure detailed clinical informa-
tion. Recent efforts to combine and/or synthesize data 
from administrative sources to perform population- level 
surveillance of ACHD are an initial step forward, but 
significant challenges remain,5 for instance addressing 
health disparities in this type of database. Although in-
corporation of demographics and social determinants 
in the electronic health record is recommended as a 
potential tool to reduce disparities in future studies, 
these recommendations are not yet widely integrated 
in the electronic health record.17

Historically, most ACHD research in the United 
States has been performed using single- center clinical 
data. The main strength of clinical data is the ability 
to store more detailed patient- level data, which may 
allow for improved disease- specific characterization 
and a nuanced understanding of outcomes. However, 
the primary limitations in single- center ACHD clinical 
data sets are the relatively small size, lack of appropri-
ate identification across health systems, and the chal-
lenge of data harmonization (both input and output). 
Importantly, this is a theoretically surmountable obsta-
cle, because participation in national registries is now 
near universal for pediatric congenital heart surgery 
and interventional procedures.18 However, crossover 
to the adult cohort has not taken place to a significant 
degree (Table 1).

Gaps in the Currently Available Data
Despite the progress in use of cohorts and administra-
tive data, there remain significant gaps in our ability to 
study and track CHD across the lifespan. For instance, 
the current estimate of US ACHD disease burden is 
derived from international data,4 emphasizing one of 
the glaring deficiencies in understanding the needs 

Nonstandard Abbreviations and Acronyms

ACHD adult congenital heart disease
PCOR patient- centered outcomes research

Figure 1. ACHD visits at North American centers.
The number of annual visits to US adult congenital heart centers 
has increased steadily in the decade between 2005 and 2014. 
Shown here are self- reported center data documenting an almost 
100% increase in the annual number of visits of patients with 
ACHD during this timeframe, demonstrating the growing need 
for a national database that can support data- driven research 
and quality programs that span across multiple US centers. 
Data derived from Krasuski and Bashore7 and Avila et al.6 ACHD 
indicates adult congenital heart disease.
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of US- based patients with ACHD. Current US clinical 
data collection is not equitable or equal, because it 
is often directed to patients receiving care at regional 
ACHD centers, and it comprises a self- selected group 
impacted by geography, socioeconomics, insurance 
access, health literacy, and other factors that propa-
gate disparities in health care.19,20 It is therefore criti-
cally important that strategic and targeted efforts be 
made to ensure universal access/representation for 
all patients with ACHD in the United States. Therefore, 
this important point becomes the cornerstone upon 
which US- based ACHD investigators have begun to 
consider the building blocks for a comprehensive US 
ACHD database. Importantly, this initiative will aim to 
include groups that may have been historically under-
represented in ACHD research, including, but not lim-
ited to rural populations, the elderly, poor, non- English 
speakers, the uninsured, undocumented immigrants, 
and people of color.19,21

Diversity, Equity, and Inclusion in a 
National ACHD Database
Historically, large- scale data collection has not been 
inclusive in part because of segregation and racism 
within the medical profession and the greater health 
care system, which has particularly impacted the 
Black community.22,23 Thus, it is not surprising that 
>50% to 75% of contemporary randomized controlled 
trials of heart failure and acute coronary syndromes, 
respectively, did not report racial and ethnic distribu-
tions of their enrolled participants.24,25 When they are 
reported, disease- to- prevalence ratios demonstrate 
the disproportionately low participation of underrep-
resented racial and ethnic minority groups.26 Reasons 
for this include narrow inclusion criteria, selective site 
recruitment, as well as participant mistrust, time, and 
resource constraints, and lack of comfort, information, 
or awareness.27 Clinical research under these condi-
tions contributes to the denial of effective treatment 
to groups who might benefit, raises questions about 
the external validity of study results, and widens health 
care disparities.

These disparities are largely driven by social deter-
minants of health, including economic stability, neigh-
borhood and physical environment, education, food, 
community, structural racism, and health care sys-
tem.28 Racial disparities in cardiovascular care in the 
United States have been well documented in multiple 
domains. Specifically, Black individuals have a higher 
prevalence of less- than- ideal cardiovascular health 
(especially in blood pressure and healthy diet score do-
mains in both children >12 years and adults),29 experi-
ence overall increased readmission rates when treated 
for myocardial infarction30 or heart failure,31,32 and are 
less likely to receive cardiac resynchronization33 or 

advanced heart failure therapies.34 Additionally, Black 
mothers are 3 times more likely to die from pregnancy 
complications, of which 30% are related to cardiovas-
cular disease.35

Although existing national pediatric databases re-
port racial disparities in CHD more broadly,36,37 anal-
yses often focus on the first years of life, and to date, 
only 1 study has highlighted the existing racial and 
ethnic disparities in CHD- related mortality among 
children and adults in the United States.38 This study 
demonstrated that despite the steady decrease in 
CHD- attributed mortality in the United States among 
all races and ethnicities and both sexes, over the past 
20  years, pediatric and adult Black individuals have 
continued to experience higher age- adjusted mortality 
compared with their White counterparts.38 Similarly, a 
sex disparity disproportionately affecting men is also 
present. Gaps in care attributed to lack of or insuffi-
cient health insurance among patients with ACHD may 
influence these outcomes as they do with morbid-
ity.20,39 Barriers to insurance access caused by defin-
ing CHD as a preexisting condition and/or total lifetime 
dollar benefit caps were diminished with the Affordable 
Care Act, and this was reflected in the increasing in-
surance coverage among hospitalized patients with 
ACHD after full Affordable Care Act implementation.40 
Although this represents a start toward more equita-
ble care, persistent disparities involving transition ages 
(18– 25 years) and Hispanic individuals remain.40

The current landscape of disparities in ACHD is still 
unfolding, and future studies linking sociodemograph-
ics, specific congenital heart lesions, and clinical out-
comes require investigation. Nevertheless, from the 
outset, the goal should be to increase participation and 
representation from a diverse group, highlighting equity 
and inclusivity. This can be supported with community 
engagement to help form partnerships and collabora-
tions that will help enhance inclusivity and participa-
tion. By engaging diverse groups, new expertise and 
recruitment strategies may be used to help narrow 
the gap, such that accessibility and the applicability of 
data extends to all groups, including those traditionally 
underrepresented.

Practically, we need to create a broad national ACHD 
database that could integrate data coming not only 
from accredited ACHD centers but also from commu-
nity, rural, and safety- net hospitals. This is supported 
by the ethical principles of beneficence and justice as 
well as the fact that the most vulnerable populations 
(uninsured adults, those belonging to households 
below the federal poverty level, and adults with less 
than college education) are more likely to live >6 hours 
away from a mid-  to high- volume ACHD center.19 As 
we continue to uncover disparities in ACHD care and 
outcomes, methods to reduce the impact of dispar-
ities will become clearer, including ways to ensure 
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participation of diverse patients in clinical studies, to 
leverage technology to reach rural communities, to en-
hance patient navigation, to enact policy changes, and 
to amplify and diversify the ACHD workforce.

Technological and Other Barriers to 
Developing a National ACHD Database
There are foreseeable challenges that will arise in the 
development of a national ACHD database that in-
clude funding, engagement of health systems, and 
technological support (Table 2). Broadly, the initial pri-
ority when building the foundation for a national ACHD 
database will be to ensure that patients are correctly 
identified and that disease is classified accurately. At 
the outset, disease heterogeneity and complex cod-
ing algorithms have limited the ability to improve input 
data harmonization. For instance, the current absence 
of a universal patient identifier in the United States 
makes it difficult to identify, merge, and track patient 
data between systems. The International Classification 
of Diseases, Ninth Revision and Tenth Revision (ICD- 
9 and ICD- 10) coding systems are often nonspe-
cific or erroneous when used to identify adults with 
CHD.15,41– 43 The International Society for Nomenclature 
of Pediatric and Congenital Heart Disease (IPCCC.
net) has mapped codes across algorithms, with the 
anticipation that new universal coding will be available 
in the International Classification of Diseases, Eleventh 
Revision (ICD- 11). In the interim, additional methods 
such as the Systematized Nomenclature of Medicine 
Clinical Terms (SNOMED- CT ) will likely provide greater 
ACHD diagnostic specificity. In the initial ACHD data-
base consideration, complementary search strategies 

will be required to correctly identify disease and data 
points for collection, and therefore the development of 
a data dictionary will be needed to facilitate data linking 
across sites.44 It is likely that artificial intelligence will 
prove to be important in data harmonization, including 
standardizing input harmonization, but also in mapping 
and unifying output (output harmonization).

ETHICAL CONCEPTS FOR DATA 
SCIENCE IN LOW- PREVALENCE 
DISEASE
With respect to ethics in data science, 11 themes have 
been identified as critical to a framework to guide ethi-
cal assessment and governance of Big Data practice 
(Figure 2).9 Several of these can directly inform the de-
velopment of an ACHD database in the United States, 
including9 informed consent, privacy, objectivity, own-
ership, and epistemology as it refers to the source of 
knowledge (distinguishing opinion from justified belief). 
These principles particularly impact the custodianship 
and participant levels, and so we review them in this 
context here.
Research using data registries is, in most cases, con-
sidered human subjects research and thus is gov-
erned by regulations including those determined by 
the Common Rule of the Department of Health and 
Human Services.45 In addition, privacy rules are fur-
ther governed by the Health Insurance Portability and 
Accountability Act of 199646 and modified by the Health 
Information Technology for Economic and Clinical 
Health Act in 2009.47 These federal privacy rules help 
define a foundation with which entities such as health 

Table 2. Main Barriers to Establishing a National ACHD Database in the United States

Barrier type Current status Potential solutions

Funding • Limited funding sources to support database/registry 
development

• Identify a consistent funding source to develop and 
maintain a national database

Engagement • Focus on clinician productivity limits ability of ACHD 
practitioners to dedicate time to registry development/
enrollment

• Patient advocacy organizations such as the Adult 
Congenital Heart Association provide an ideal platform 
to increase patient awareness of efforts

• Identification of a funding source to support time and 
effort for registry work as well as the time and effort of 
associated staff

• Harness existing organizations to promote initiatives to 
patients

• Creation of national incentives to improve and maintain 
quality in ACHD care

Technical or logistical • No universal patient identifier upon which to link existing 
data sets

• Privacy concerns limit ability to share data across health 
systems

• Differing methods of aggregating/storing data across 
health systems (systems do not “talk” to one another)

• Limited accuracy of administrative data
• Accuracy in community- based samples is unknown
• Heterogeneity of CHD phenotypes limits comparison 

without detailed clinical data
• Historical focus on academic medical center populations 

limits understanding of diverse patient populations

• Development of a universal patient identifier
• Patient- initiated registry participation to increase the 

breadth of participation
• Develop methods of merging data from disparate 

electronic medical record systems
• Support for continued research into accuracy of 

administrative data
• Merging of clinically oriented and administrative data 

sets to increase level of available detail
• Patient and clinician outreach to aim to capture patients 

not receiving care at tertiary centers (inclusion of 
community and safety- net hospitals)

ACHD indicates adult congenital heart disease; and CHD, congenital heart disease.

http://IPCCC.net
http://IPCCC.net
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plans and health practitioners and their associates can 
use, disclose, and share patient information for ap-
propriate purposes including research. These privacy 
rules can be further subject to more stringent rules 
from states or other entities.48 However, not all data-
base activities will be covered by these regulations. As 
a result, it is critical that any ACHD database include 
its own commitments to ethics to promote universal 
access and representation.

Custodianship Level
Governance

Governance refers to processes and oversight, and 
mechanisms of governance in the case of an ACHD da-
tabase may include review councils, committees, and/
or an elected board that act as custodians entrusted to 
manage the data and operations. The concept of sound 
governance49 implies that the societal norms in a diverse 
population should favor balance and minimize bias, 
thereby promoting value to all groups. The bulk of re-
search and writing in the topic area of sound governance 
applies to governmental function.49,50 However, we can 
learn and apply similar principles to quality and research 
initiatives as they apply to an ACHD database (Table 3).

To simplify sound governance as it applies to data 
science, at least 2 major overarching ethical goals have 

a direct impact, usefulness and justice. Usefulness re-
fers to maximizing societal benefit, considering benefit 
versus harm. Justice implies that individuals should be 
treated fairly, with equitable allocation of resources. 
Justice in data science means equal access to par-
ticipation as well as fair access to the resulting data 
and application of the data in a way that does not 
cause unfair consequences. Therefore, we propose a 
set of principles applicable to future ACHD databases 
(Figure 3).

Objectivity and Data Ownership and Use

Among the custodianship- level guiding precepts for 
governing data registries for ACHD are objectivity and 
data ownership and use. The definition of objectivity in 
data collection is to strive to avoid bias in all aspects 
of research such that a method of data collection must 
always come to the same result, regardless of who 
ascertains the data.9 Data ownership and use are not 
only about property law and rights of the researcher, 
but must take into consideration respect for people, 
beneficence, and justice, particularly impacting privacy 
and rights of those who contribute data but also the 
ethical implications of restricted access to data and the 
impact of data use (or misuse).8

Figure 2. Ethical themes in data science.
Ethical themes suggested as current and future areas of concern 
as they apply to biomedical data sets. The current key areas of 
concern have been well described and debated in the existing 
literature. Potential future areas of concern have not yet attracted 
extensive debate in the existing literature, but are likely to require 
careful examination in the near future.9 Created with BioRe nder.
com.

Table 3. Principles of Sound Governance and Potential 
Application in Big Data

Principles of sound 
governance

Description (as it may apply to Big 
Data)

Tell the truth Be honest and transparent

Be faithful and fair Maintain ethical standards and remain 
consistent in adherence to the principles 
of governance set forth for the data set, 
participants, and custodians

Insist on accountability Participate and encourage evaluation and 
reevaluation of the governing structure, 
policies, and outcomes, with an emphasis 
on resolving problems

Respect the governed 
and the government

Be open, honest, and transparent to the 
needs of participants and the governing 
body

Govern with humility Acknowledge the limits and boundaries 
of the governing body, evaluating effects, 
and not necessarily intentions

Serve the governed, not 
the systems and people 
of government

Principles should come before custodial 
members and individual participants so 
as to reduce disproportionate influence 
of stakeholder groups (ie, the effect on all 
people must be considered)

Acknowledge the nature 
of government

Governing bodies seek to accomplish an 
agenda but are managed by individuals 
who have their own goals and incentives. 
Therefore, a careful balance must be 
acknowledged between the custodianship 
and participant groups

Modified50 and expanded upon as the principles of sound governance 
may apply to Big Data

http://BioRender.com
http://BioRender.com
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Big Data research does not typically benefit indi-
viduals but may provide societal benefit. Respect for 
people may obligate informed consent of the partici-
pant, frequently including consent to the original use 
as well as future projects. A waiver of such consent 
may, however, be reasonable if the data are not iden-
tifiable, and results are expected to provide societal 
good (beneficence) but do not obviate the need for 
data security, particularly protection of potential iden-
tifiers. Furthermore, data collected should be limited, 
and there should be a justifiable reason for each item 
of information collected, but particularly in relation to 
identifiers and sensitive information. This can present 
difficulties in data sets that aim to be comprehensive 
and to anticipate future research needs.

As discussed above, participant inclusion should 
be fair and equitable, with every attempt made to avoid 
systemic bias and improper exclusion. This can pres-
ent difficulties, because respect for people requires 

that individuals may opt out of participations, even 
when participation may be beneficial to society and 
may promote justice. Challenges to recruiting/includ-
ing underrepresented groups, however, does not justify 
the a priori exclusion of individuals from these groups. 
Rather, they highlight the importance of transparency, 
particularly in educating individuals (where possible) 
and the public as to privacy protections, data usage, 
and benefits of research findings from registries.

Ownership of patient information in data registries 
has not been consistently addressed in the research 
literature, and there are no consensus policies on ap-
plication and legal regulations. Control over the use of 
the health information pertains not only to data stor-
age but also analysis and dissemination/publication.51 
Multiple views have been promulgated in the literature, 
ranging from the idea that all health data should be in 
the public domain52 to the perspective that health data 
should be the exclusive property of the individuals who 

Figure 3. Principles to consider in developing a shared national ACHD database.
Considering current and future ethical themes in data science,9 and honoring the principles of usefulness and justice, the figure 
depicts custodianship- level principles and participant- level principles for evaluating the initial ethical framework for a national ACHD 
database. ACHD indicates adult congenital heart disease. Created with BioRe nder.com.

http://BioRender.com
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contributed the data.53 It has been suggested that data 
ownership considerations should be separated from 
considerations of data privacy.54 In relation to health 
information in data sets, ownership and management 
are particularly complicated because individual re-
cords currently may be owned by governments, health 
plans, clinician entities, and/or others. For larger, mul-
tistakeholder data sets, there are variable state laws 
and regulations, depending on where the data were 
originally collected. This underscores the importance 
of data- use agreements and addressing ownership is-
sues proactively. There is little research in ownership 
of personal data for large data sets and registries, and 
these areas are yet to be legally tested. Practically, the 
focus remains on privacy. Given the lack of consensus 
standards surrounding property rights in collection of 
individual health information, it is critical to abide by the 
Common Rule and pertinent local privacy rules.

Health equity and researcher diversity in data sci-
ence are not new concepts, evidenced by the National 
Institutes of Health’s Artificial Intelligence/Machine 
Learning Consortium to Advance Health Equity and 
Researcher Diversity program, which targets to in-
crease participation and representation of both re-
searchers and communities underrepresented in 
electronic health record– driven data projects. In the 
design of a national ACHD database, we propose a 
diverse and inclusive governing board, including pa-
tients, clinicians, researchers, ethicists, and under-
represented groups, to oversee data and monitor 
objectivity (Figure  3). This group will be tasked with 
vetting decisions about data points to be collected, 
addressing privacy concerns, ensuring data integrity, 
defining data ownership, and adjudicating decisions 
about data reporting.

Participant- Level
Individual Rights

Ethical principles are subject to individual interpre-
tation, and seemingly clear- cut principles are often 
ambiguous when applied in practice. Fundamentally, 
in data science, individual rights are balanced by the 
value of generalizable knowledge for societal benefit. 
An individual’s participation in a data set may impact 
their own privacy but also the privacy and autonomy 
of relatives, with or without awareness. A prime exam-
ple is genomic- based research. Given how strongly 
autonomy is valued in the United States and many 
other nations, one might expect this consideration 
to provide a major obstacle to large- scale research. 
Newer frameworks are needed to balance the poten-
tial power of evolving technology (including Big Data) 
to improve health outcomes against harms, including 
privacy breaches and other threats to autonomy. If we 
do not consider individual versus societal rights, we 

risk making arguments based on an overly optimistic 
expectation of gain and a lack of imagination about 
harms, a pattern that has been replayed throughout 
history.55

Respect for individuals (or respect for people) is a 
fundamental bioethical principle that implies asking 
permission to perform research after an understand-
able explanation. The investigator cannot know what 
will be important to each participant, and an overly 
long informed consent document does not advance 
true understanding. The informed consent process 
explicitly encourages questioning and open- ended 
dialogue between investigators and potential partici-
pants. Individuals with idiosyncratic or otherwise un-
anticipated viewpoints and concerns are thereby able 
to understand whether participation will align with their 
personal beliefs. Conversely, one may argue that a per-
son consenting to medical care is ostensibly benefiting 
from the consent of others and should be assumed to 
subscribe to a pact to provide benefit to future patients, 
at least when there is little or no risk. This provides a 
potential for coercion or overreach, and this approach 
must be coupled with strong regulatory structures and 
sound governance to minimize harm.

That said, the structure of certain Big Data research 
endeavors may run counter to the right of an individual 
to choose whether to participate. A subset of consid-
erations that differs between the use of Big Data and 
standard hypothesis- driven research projects are out-
lined in Table 4.

Societal Rights: Specific Risks With Big Data

Arguments for more lax rules governing the use of 
Big Data often point to a low absolute risk of harm. 
However, this is not a certainty, and although there are 
likely many benefits to the use of Big Data in ACHD, 
there may also be drawbacks in relation to society as 
well as to individuals. There is a high risk of bias, un-
measured confounders, and inaccurate classification. 
Big Data interpretation often involves the analysis of 
large volumes of data initially collected by clinicians or 
others without consideration for the question under 
study and performed by scientists who do not nec-
essarily understand the relevant validity of underlying 
data. These issues are compounded by the fact that 
statistical significance may not reflect clinical signifi-
cance. Therefore, it is important to address the issue of 
epistemology (to truly understand data and how data 
contribute to knowledge), whereby to maximize benefit 
and minimize harm, there should be a broad and deep 
review of underlying data and consultation with con-
tent experts and those involved in the process of col-
lecting the data (ie, depending on the project, patients, 
clinicians, billing specialists, insurance providers, elec-
tronic medical record [EMR] software engineers) before 
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project initiation. Importantly, token participation by pa-
tients and clinicians may prove inadequate. A scien-
tific process should be applied to whether a proposed 
method of review and quality control is adequate to 

identify underlying problems, a process that requires 
the explicit definition of anticipated threats to validity. 
Independent review should be part of the iterative pro-
cess of ensuring Big Data research accurately reflects 
the issues in question. Additionally, system- level pro-
cesses should be closely examined to mitigate factors 
that promote structural racism and influence data qual-
ity and broad applicability.56

The burden of evidence rests heaviest upon those 
hoping to use data, with the most prominent concepts 
among them being the respect for people. For data 
collected and intended for research purposes, this in-
volves consideration of the level of protected health in-
formation collected and how the data are stored, most 
often requiring informed consent. The same may or 
may not be true for quality data, where the purpose is 
internal evaluation, and use of data to make changes, 
with the goal of improving quality of care for all pa-
tients, and the resulting informed consent process.

ACHD DATA SETS: THE PATIENT 
PERSPECTIVE
In considering the patient perspective, perhaps one of the 
most important ethical principles is respect for people. 
Many patients with chronic disease, such as CHD, must 
transition into adult- centered care, and in the process 
move from being passive recipients, to actively manag-
ing their own health care.3 As unprecedented numbers 
of patients with CHD survive into adulthood, health care 
decision makers are seeking information to help guide 
their health care choices. In recent years, patient regis-
tries have been used to provide this information for other 
chronic disease states. As patients and caregivers con-
sider participation in registries and data sets, it is impor-
tant to maintain respect for the individual in the context 
of seeking answers that apply to and can advance care 
for all. The focus on availability of real- world evidence 
with a patient- centered approach has become the basis 
of improving clinical care.57 Patient- centered outcomes 
research (PCOR) is defined as “research that addresses 
the questions and concerns most relevant to patients.”58 
With the growing demand for PCOR, there have been 
several supportive federal initiatives, including the estab-
lishment a Patient Engagement Advisory Committee by 
the Food and Drug Administration, the creation of Patient 
Centered Outcomes Research Initiative in 2010, and 
the development of valid and reliable patient- recorded 
outcomes measures such as the Patient Reported 
Outcomes Measurement Information System initiative 
by the National Institutes of Health.59,60 Patient advo-
cacy organizations have also served as active voices to 
influence policy and research agendas. Funding grants, 
facilitating collaboration, and encouraging patients to 
participate in research are ways that advocacy organiza-
tions have helped to promote patient- centered research.

Table 4. Considerations Unique to Big Data

Important concerns Considerations

Minimize/eliminate 
interaction with 
participants and 
limit the capacity to 
decline participation

• Truly informed consent requires enormous 
resources, yet may be impractical in Big 
Data registries

• Consider collecting data without identifying 
information to avoid ethical/privacy 
concerns

• Consider avoiding linkage of patient 
information within the data set

• Inclusion of patients with rare disease 
in decision- making about individual vs 
societal benefit, as the population may be 
the most at risk for privacy concerns, and 
discretionary judgement will be required

Linkage between 
data sources

• Recognize that the value of data is 
enhanced when coupled with additional 
information

• Linked data may pose little risk to 
individual rights, such as fixed geographic 
information (such as zip code) linked to 
environmental variables

• Recognize that in other cases, identifiable 
information may be shared and improve 
accuracy (avoid double counting a patient 
receiving care at >1 center)

• Linking data sources may expose 
decisions a patient wishes to keep 
confidential (ie, receiving care at >1 center)

Linkage between 
individuals

• Big Data may involve connecting data from 
a single individual to others, such as family 
members

• Any linked participants may have no vested 
interest in the question/disease under 
study

Respect for people • Respect for people implies that using Big 
Data does not mislead those that make 
decisions based on the findings

• For quality initiatives, it may be the clinician 
rather than the patient who constitutes the 
individual under study

• Practitioners or health systems may 
reasonably be opposed to be included 
in such research even if their identity is 
confidential

• Historical performance may not reflect 
changes made in response to negative 
outcomes and may not adequately adjust 
for risk

• Data may reflect risk attributable not only 
to quality of care, but to forces outside of 
the control of individual health systems (ie, 
sociodemographic characteristics)

• Data may not be accessible to patients/
families in a way that provides useful 
assistance with decision making, but 
rather, may mislead end users into thinking 
they are making a more informed choice

• Considerate review of how to best 
communicate data to health systems, 
patients/families, and policymakers will be 
required to ensure that accurate data are 
available
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Registries can support PCOR, because they offer an 
opportunity to collect health information and outcomes 
while incorporating multiple perspectives including 
those of patients, practitioners, and health systems. 
If designed with patient input and a patient- centered 
focus, registries offer a way to address research ques-
tions and concerns most relevant to patients and care-
givers longitudinally. In addition to providing input on 
research questions, patients can also help support 
continued patient engagement and participation that 
promotes sustainability of the mission. Although in-
cluding PCOR is ideal, it is important to understand 
that there are challenges that need to be considered 
when designing infrastructures including survey fa-
tigue, sustainability, provisions for continued engage-
ment, and plans for data dissemination. Engagement 
with patient advocacy organizations, education, and 
iterative construction with stakeholders is important for 
aspects of data that facilitate PCOR and will need to 
be considered as the platform for a national ACHD da-
tabase is built. Inclusion of patients at the governance 
and oversight levels will be critically important as this 
process proceeds.

ACHD DATA SETS: THE CLINICIAN 
PERSPECTIVE
Although respect for people is important to individu-
als participating in large data sets, ethical considera-
tion must also be given in the context of respect for 
clinicians and health systems, acknowledging the 
potential conflicts that may exist around participation, 
performance, transparency, and viability of health care 
as a business. Patients, health care practitioners, and 
health systems remain large stakeholders in a national 
ACHD database initiative. Health care practitioners play 
a unique role in the development of this infrastructure, 
because they often serve as a bridge between patients 
and health care systems. Uniquely, many have clinical, 
research, and administrative roles that lend themselves 
to the various aspects of data curation. From a purely 
clinical standpoint, the primary goal of an ACHD data-
base might be to develop the framework for collecting 
quality metrics or data on patient experience. Some of 
these quality metrics will be well defined at the onset of 
the database, such as vital signs including blood pres-
sure or documentation of resting oxygen saturation; 
however, others may be based on current research and 
expert opinion,61 and yet there will also be future met-
rics as clinical understanding and research progress 
over time. Understandably, the act of measuring con-
sistent outcomes and processes does not necessarily 
result in improved quality of care but provides a foun-
dation to begin to accurately measure and compare 
results across conditions, centers, and age groups, 

among others. Once outcomes are well understood, 
disparities between groups can be identified, and fur-
ther examination of contributors can be analyzed, with 
the goal of setting benchmarks and initiatives, using 
quality improvement projects that rely upon standard 
and innovative quality improvement methodology.62– 64 
One goal of a national ACHD database is to build an 
infrastructure that eventually supports quality improve-
ment projects that span geographic borders, including 
diverse patients and investigators, and one that can 
be managed seamlessly through a common unbiased 
sound government. Initial research priorities include 
understanding epidemiology, natural history, definition 
of prevalence, and comorbid disease,65,66 in addition to 
identifying new quality- based and research priorities. 
Beyond immediate patient- contact quality measures, 
the data may be used to help understand health care 
use and fostering support for facility development and 
workforce planning.67– 69

Critical to the success of gathering the outlined 
measures is the construction of a universal platform 
for data coding, plans for secure transfer of data, and 
data delivery practice that respects privacy measures. 
In and of itself, this is an onerous task, but it is further 
complicated by the heterogeneous way that health- 
related data are currently stored in both private and 
public US health care systems. If the data being ana-
lyzed are inaccurate or incomplete, the results cannot 
fully be trusted, and the current state of US databases 
reflects a high probability of inaccuracy and inade-
quacy. However, a focus on complete and comprehen-
sive data must be balanced with efficiency and value. 
For instance, manual patient identification and data 
abstraction is associated with higher accuracy,70 but it 
requires substantial resources, making it impractical to 
apply across large systems. Although the EMR is ded-
icated to patient care, the data collected are becoming 
easier to extract and more cost- efficient. Leveraging 
the automation of EMR systems will be important to 
scale a national- level ACHD data set and can assist in 
improving efficient and accurate data collection.

On the surface, participation in national ACHD 
data collection will result in positive consequences 
such as improved understanding of disease burden, 
health care use, and quality of care, to name a few. 
However, in reporting these data and identifying high 
value/quality care centers, we must remain aware of 
the potential for negative consequences. The goal 
is not to punish or negatively impact any specific 
clinician or program, but rather to share data to im-
prove overall patient care, regardless of geography. 
This will be particularly important because the cur-
rent payment system shifts to reward (recent) qual-
ity, as assessed by specific outcomes or process 
metrics. Health care systems want to avoid negative 
financial impact with participation, such as payment 
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penalties based on performance. Rather, the focus 
needs to swing to improvement in quality and overall 
care. Lessons learned from the Centers for Medicare 
and Medicaid Services’ Quality Payment Program 
can be applied to the ACHD data set to facilitate this 
transition and incentivize participation by minimizing 
negative program changes, developing streamlined 
methods of data collection, providing information 
technology support, and engaging all participants in 
program management.71

From an institutional perspective, participation in a 
national ACHD data set will offer the opportunity to pro-
vide and demonstrate commitment to quality- based 
care. However, this will require allocation of resources 
including access to informaticians, data analyses, and 
institutional review board support. Additionally, data- 
specific requirements will include identifying local data 
storage, determining methods for data extraction, 
performing quality analysis of control data, and coor-
dinating the transfer of deidentified data. Taking a fur-
ther step back to collate individual center data at the 
national level, significant resources will be required. A 
team of biostatisticians, data analysts, and physicians 
with clinical expertise will be needed to provide the 
support required to build a national ACHD database. 
Additional needs will include secure data storage solu-
tions, data maintenance/integration and plans for dis-
tribution. At each of these levels sound governance will 
be crucial to the success of building and growing a 
national ACHD database.

CALL TO ACTION
As recognized by the National Heart, Lung, and Blood 
Institute and the Adult Congenital Heart Association, 
numerous challenges to developing evidenced- based 
care for ACHD exist, including the heterogeneity of 
conditions, lack of infrastructure in the United States 
to track prevalence, fragmented care systems, loss to 
follow- up, and changes in treatment strategies over 
time.72 There is a clear need for accurate, timely, com-
prehensive large- scale data collection of long- term 
complications and comorbid diseases faced by pa-
tients with ACHD, and in doing so, identifying opportu-
nities to improve care and survival on the investigation 
of disparities in ACHD. To optimize the health of all pa-
tients with ACHD, we must continue to address the 
pervasive problem of disparities in health and health 
care, appreciate the unique methodological challenges 
associated with its investigation, evaluate interven-
tions, and support quality- based initiatives that aim 
to provide equal care for all patients with ACHD. The 
adult CHD population is growing rapidly, yet in the ab-
sence of a comprehensive national database we fail to 
fully understand the impact of morbidity and mortality 
in ACHD in the United States, and more importantly in 

the identification of disparities that exist in this patient 
population. To build upon the success of childhood 
therapies, it is critically important to understand treat-
ments, outcomes, and long- term sequelae in aging 
patients with CHD. The lack of available data stymies 
clinical and basic science and public health research, 
and impedes policy initiatives to improve care quality 
and efficiency in this medically complex patient popu-
lation. This statement outlines the general principles 
and organization of a data collection process to gather 
high- quality data in a comprehensive, ethical manner. 
It is a challenging endeavor but necessary to provide 
the best possible care to all adult patients with CHD 
and families now and in the future. Inherent to this 
mission is inclusivity and equity, aiming to ameliorate 
disparities and improve quality in the care of the en-
tire population of adults living with CHD in the United 
States and beyond.
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