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A B S T R A C T

When resources in a society are dispersed unevenly, generally through allocation standards, distinct patterns emerge along lines of socially defined categories of
people. Power, religion, kinship, prestige, race, ethnicity, gender, age, sexual orientation, and class all play a role in determining who has access to social goods in
society. In most cases, social inequality refers to a lack of equality of outcome, but it can also refer to a lack of equality of access to opportunity. Unfortunately, health
care is not immune to these social disparities and/or inequalities. These health care disparities in interventional cardiology were recently brought to the forefront by
the Society for Cardiovascular Angiography and Interventions (SCAI) as a major focus of 2020-2021. In a recent publication, unique factors leading to disparities were
reported to exist among the subsections of interventional cardiology. The congenital heart disease council of SCAI created a task force to further investigate the unique
challenges and disparities impacting the practice of congenital heart disease and pediatric cardiology.

When resources in a society are dispersed unevenly, generally through recent SCAI article by Grines et al.1 Several studies have shown

allocation standards, distinct patterns emerge along lines of socially defined
categories of people. Power, religion, kinship, prestige, race, ethnicity,
gender, age, sexual orientation, and class all play a role in determiningwho
has access to social goods in society. Inmost cases, social inequality refers to
a lack of equality of outcome, but it can also refer to a lack of equality of
access to opportunity. Unfortunately, health care is not immune to these
social disparities and/or inequalities. These health care disparities in
interventional cardiology were recently brought to the forefront by the
Society forCardiovascularAngiographyand Interventions (SCAI) as amajor
focus of 2020-2021. In a recent publication,1 unique factors leading to
disparities were reported to exist among the subsections of interventional
cardiology (Figure 1). The congenital heart disease (CHD) council of SCAI
created a task force to further investigate the unique challenges and dis-
parities impacting the practice of CHD and pediatric cardiology.

Health care disparity in congenital heart surgical mortality

For the last decade, there have been persistent differences in the
mortality of non-White patients with CHD, and this was reported in a
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mounting evidence that even after adjustment for gender, surgical risk
type (Society of Thoracic Surgeons [STS] category), genetic syndrome,
and age, these differences persist.2-7 There remains an unequal distri-
bution of severe heart disease, with an increased burden of CHD in
non-Hispanic Blacks and Asians.8,9 The unequal distribution of severe
cases is based on that of live births; therefore, considerations of access to
prenatal diagnosis and, consequently, potential differences in rates of
termination must be taken into account. It is unknown whether termi-
nation rates are higher for patients with earlier access to care, such as
those with higher socioeconomic status. As these populations experience
more severe types of CHD at live birth, naturally, the morbidity and
mortality rates are increased as well. Trends in right-sided lesions have
also been noted, with a higher prevalence of less severe types in
Whites.10 These altered expression patterns not only suggest a potential
genetic component but also raise questions regarding environmental
factors .11 Perhaps the most troubling finding is that while the mortality
continues to trend downward, we continue to see disparate mortality
rates in non-Hispanic Blacks.2,3 Although multiple factors have been
suggested to play a role in these continued and troubling findings,
diversity, equity, and inclusion.
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•Non-Hispanic race  
•Private insurance 
•Dedicated device/tools for disease type  
•Decreased procedural complexity/less complex CHD  
•Full-term gesta�on  
•Prenatal diagnosis and delivery planning  Advantaged 

•Complex CHD in Black and Asian popula�ons 
•Further distance from treatment center  
•Socioeconomic factors 
•Public insurance  
•Decreased healthcare literacy 
•Orphan disease/paucity of FDA approved device  
•Prematurity and low birth weight 
•Postnatal diagnosis 
•Higher risk/increased procedural complexity 
•Inherent bias 

Disadvantaged 

Figure 1. Comparison of the advantaged versus disadvantaged groups. CHD, congenital heart disease; US FDA, United States Food and Drug Administration.
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several studies attempting to identify factors (ie, prematurity) have not
demonstrated an association with neonatal mortality. The overall rate of
disparate mortality of a patient with CHD persists into adulthood.9,12

With these disparities in consideration, the CHD council of SCAI has
undertaken this systematic review to investigate potential modifiable
factors in the population with CHD as possible targets for improvement.
Patient distance from the interventional center

There has been a remarkable advance in the spectrum of congenital
cardiac defects that can be palliated or repaired using transcatheter or
surgical interventions. Although some of these conditions can be treated
electively, others require urgent or emergent intervention. The provision
of lifesaving congenital interventional procedures to vulnerable children
and adults with CHD by trained congenital interventional cardiologists
seems to be a simple task based on established guidelines.13 However, the
accomplishment of this goal can be arduous because of the lack of
widespread availability of appropriate congenital diagnostic services,
congenital interventional cardiologists with a well-equipped catheteri-
zation laboratory with appropriate support from an experienced
congenital cardiac surgeon, and the infrastructure for appropriate pre-
procedural and postprocedural care. All these may not be available in
many free-standing community hospitals or even state-of-the-art adult
cardiac catheterization laboratories. Thus, many of these therapies can be
safely performed only at distant specialized children’s hospitals with
appropriate resources as aforementioned.

Although there exists a plethora of adult cardiac catheterization
laboratories throughout the United States, with more than 1 million
catheterizations performed annually in adults, pediatric facilities are
much sparser, with only approximately 125 pediatric cardiology pro-
grams in the nation.14 Undoubtedly, some of these programs likely have
limited interventional capabilities that may not be able to offer the most
contemporary transcatheter treatment options for varied congenital
cardiac lesions. Furthermore, many of these pediatric programs are in
heavily populated urban areas. In fact, 8 US states lack a pediatric car-
diology program and 14 states have only a single program. As a result
(especially in the larger predominantly rural states), patients may need to
travel hundreds of miles to a program that can provide state-of-the-art
congenital interventional services as well as appropriate follow-up
evaluations and/or treatment. This can be a major barrier to the care
and outcomes for these patients because distance from a cardiac care
center has been shown to be associated with worse survival for pediatric
patients with all types of CHD.15 Similar geographic challenges have
2

been shown to exist for similar patient groups that require unique care
with highly specialized resources. For example, adult patients with CHD
pose an analogous challenge for whom there may be large geographic
areas lacking the ability to provide comprehensive and contemporary
care owing to the unique aspects of their care. In fact, Gurvitz et al16 have
shown that patients from certain rural areas are more likely to have
significant lapses in care.

A recent study assessing geographic access to care for adults with
CHD in the United States estimated that nearly half of the adult patients
with CHD reside in an area that is at least 1 hour driving time away from
a specialized center for adults with CHD, and 5.4% of patients reside >4
hours away, thus potentially necessitating an unnecessary overnight
hospital stay.17

The clinical impact of this disparity is potentially profound, as certain
interventional procedures are necessary to prevent devastating or fatal
outcomes. For example, infants born with D-transposition of the great
arteries or those with single ventricle anatomy and obstructed pulmonary
venous return (ie, hypoplastic left heart syndrome with restrictive atrial
septum) present profoundly cyanotic and may not survive without
intervention within the first few hours of life. Furthermore, postoperative
patients with shunt-dependent pulmonary blood flow can present acutely
with shunt obstruction, necessitating very rapid assessment and/or
intervention. Less acutely, patients with severe valve stenoses or conduit
obstruction may benefit from urgent intervention but may have limited
geographic access for routine follow-up, thus delaying assessment and
treatment in the catheterization laboratory.

There is a paucity of access to health care for the pediatric patient with
CHD compared with the adult patient with coronary artery disease, espe-
cially in rural areas.2,18,19 There are data indicating that access to special-
ized pediatric cardiac centers is associated with improved survival.19

Similar improvements in mortality were also found for adults with CHD
when surgery was performed at a specialized center for adults with CHD.20

Decreased mortality has also been shown in pediatric leukemia treated at
specialized cancer centers.21 Adult echocardiograms and fetal ultrasounds
are more likely to be readily accessible than a fetal echocardiogram.

Given the potential disparities described above with the clinical im-
plications that may significantly affect patient health and outcome, further
evaluation is necessary to determine whether increased distance from
interventional pediatric cardiac services results in disparate procedural
outcomes and/or inadequate procedural follow-up. It should also be
mentioned that discussions continue surrounding the centralization of
tertiary care and dilution of experience at each individual cardiac center.
There are current models of outreach clinics operated by a large center to
address this distance from center concern and require further exploration.
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Prematurity

Advancements in perinatal medicine have resulted in significant im-
provements in the survival of premature and low-birth-weight infants. This
has resulted in an increased number of low-birth-weight infants with CHD
including patent ductus arteriosus, which may also lead to pulmonary hy-
pertension. Thus, there is an increasingnumberof premature and low-birth-
weight infantswhomayrequire diagnostic and interventionalprocedures in
the catheterization laboratory. However, because of their size, fragility, and
associated comorbidities, these patients pose significant challenges and are
at greater risk of adverse events during invasive procedures.

Prematurity occurs disproportionately in non-Hispanic Blacks and is a
complex and multifactorial issue. In past studies, it has been shown that
Black infants are 4 times more likely to have significant morbidity and
die of complications compared with White infants.22 In addition, the
rates of prematurity are higher in lower socioeconomic classes among
both Blacks and Whites, as is low birth weight.22 Racial disparities are
consistently seen in premature births in the United States, with
non-Hispanic Black women found to have a 2- to 2.5-fold increased risk
compared with non-Hispanic White women.23-25 This finding is multi-
factorial, and it has been suggested that even increased stress plays a
significant role in prematurity disparity.26 Given these facts, we, as an
interventional community, must be aware of the disparate risks that
Black patients have for interventional procedures.

A study from the Congenital Cardiac Catheterization Project on
Outcomes registry demonstrated that low weight was an independent
risk factor for major adverse events during cardiac catheterization.27

Patients weighing <2 kg at the time of procedure had a significantly
greater risk of death from cardiac perforation or cardiac arrest due to
bradycardia, hypotension, and complete atrioventricular block. The need
for blood transfusion was also significantly greater in the patients
weighing <2 kg who made up 1% of the overall case volume. The risk of
acute arterial injury from vascular access is also increased in smaller
patients. Glatz et al28 reported that patients weighing<4 kg at the time of
catheterization had a greater risk of acute arterial occlusion after arterial
access for cardiac catheterization. Backes et al29 reported a 19% inci-
dence rate of acute arterial occlusion following percutaneous device
closure of patent ductus arteriosus in premature infants weighing <4 kg.
Complications remain high in very small patent ductus arteriosus clo-
sures. In a recent meta-analysis, the overall complication rate for this
procedure in patients weighing �1.5 kg was 26%, with a major adverse
event rate of 8%.30 These patients are at higher risk of complications
related to hypothermia, hypoglycemia, respiratory distress, and fluid
overload during transport to the catheterization laboratory and during
the procedure itself. Thus, warming blankets and heat lamps, use of an
esophageal temperature probe for continuous patient temperature
monitoring, minimization of fluid and contrast administration, avoid-
ance of arterial access, and use of transthoracic echocardiography for
imaging during the procedure are undertaken to minimize risks to the
patient. A multidisciplinary teammay be used for transport of the patient
to the catheterization laboratory, and some centers have recommended
intubation of patients weighing <2 kg before transport to the catheteri-
zation laboratory.31
Differences in case complexity and difficulty in determining
risk—procedural-type risk categories for pediatric and congenital
cardiac catheterization

One of the unique opportunities within the field of CHD is the
breadth and spectrum of disease that is treated. Cardiac catheteriza-
tion in pediatric and adult patients with CHD encompasses a broad
range of procedures, some of which occur infrequently. Two separate
patients may possess the same CHD diagnosis but necessitate
completely different individualized approaches to catheterization—a
well-known challenge to any congenital cardiac interventionalist. It is
3

known that patients with CHD at live birth have disparate levels of
severe CHD types, as much as 50% higher in non-Hispanic Blacks and
Asians, putting these patients at a higher risk of morbidity for inter-
ventional procedures.8-11

Given the heterogeneity of the patient population, attempts to stratify
patients and determine procedural risk have proven difficult. To allow
equitable comparisons of procedural adverse event rates, the Catheteri-
zation for Congenital Heart Disease Adjustment for Risk Method tool
sought to develop a method to adjust for case-mix complexity.32 This
approach emphasized the procedure risk category, number of hemody-
namic indicators, and patient age. Subsequently, a multi-institutional
initiative in 2016 generated a scoring system to predict the risk of serious
adverse events for individual pediatric patients undergoing cardiac
catheterizations—Catheterization Risk Score for Pediatrics.33 A subse-
quent publication provided minor modifications for a revised version of
Catheterization Risk Score for Pediatrics to increase clinical utility as a
preprocedural riskmodel.34 These scoring systems stratify patients on the
basis of baseline characteristics using a 21-point scale that estimates the
risk of a procedurally related serious adverse event.

All the abovementioned publications outline the limited amount of
data encompassing adult patients with CHD and the challenges unique to
this fragile patient population with its own subset of disparities.35 The
Catheterization Risk in Adult Patients score in 2019 proposed a pre-
catheterization risk scoring system.36 However, external validation
studies for the aforementioned models/scoring systems remain limited at
this time, and their clinical efficacy remains in question. The heteroge-
neous patient spectrum within pediatric and adult CHD portends the
difficulty in categorizing diagnoses and patient characteristics to
extrapolate concise scoring systems. Further research is needed with an
emphasis on the classification of CHD diagnoses and the inherent risks
that they bring into the catheterization laboratory. Risk stratification and
adjustment are crucial to study for possible disparities as more severe
CHD lesions may have a higher interventional risk, with that risk
weighing more toward the non-White patients.
Prenatal diagnosis

CHD is the most common congenital malformation and, although
mortality from congenital heart defects has improved over time, it re-
mains a significant cause of death in infants and children and the most
important cause of infant mortality due to congenital anomalies.37,38

Mortality trends of CHD in the United States reveal significant racial
disparities, with persistently higher mortality in Black patients than in
White patients over time. Critical CHD in neonates refers to cardiac
malformations requiring intervention within the first 30 days of life, and
advances in ultrasound technology over time have led to improvements
in prenatal diagnosis of such infants.18,39 Indications to refer to fetal
echocardiography are based on established maternal and fetal risk fac-
tors; however, most cases of CHD occur in low-risk pregnancies and
therefore rely on routine obstetric ultrasound to detect cardiac malfor-
mations and subsequently refer for a detailed fetal echocardiogram.39

Fetal echocardiography allows for the precise diagnosis of CHD, detailed
prenatal counseling, planning for perinatal management, and selection of
fetuses who are at risk of hemodynamic instability after delivery that
would require a specialized delivery plan and need to be delivered at a
tertiary surgical center. Protocols using fetal echocardiography have
been created to risk stratify fetuses diagnosed with CHD/hypoplastic left
heart syndrome, and the management of newborns who are at high risk
often requires a multidisciplinary team made up of pediatric cardiolo-
gists, obstetricians, surgeons, and neonatologists.39-41 Although there
have been conflicting data on the impact of prenatal diagnosis of all types
of CHD on overall mortality, prenatal diagnosis has been shown to
improve outcomes and mortality in select populations with critical CHD,
such as hypoplastic left heart syndrome and transposition of the great
arteries.42-46
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Although technology and techniques for fetal echocardiogram have
improved significantly over time, disparities in the prenatal diagnosis of
CHD exist. Studies have consistently shown low rates of prenatal diag-
nosis of CHD, ranging from 28% to 61% in various studies, but with
trends showing improvement over time.18,47-50 A study from the STS
database in 2015 reported a wide variation in the prenatal diagnosis of
CHD across regions and states,47 and a few studies have investigated the
relationship of socioeconomic factors to prenatal diagnosis, consistently
showing that patients with lower socioeconomic status are less likely to
have a prenatal diagnosis of CHD.18,49,50 A study from Boston Children’s
Hospital demonstrated that lower socioeconomic status and public in-
surance were independently associated with a lower likelihood of having
a prenatal diagnosis of CHD, although no racial disparities were seen.50

Living in poverty or in a rural community were independent factors
associated with a decreased likelihood of having a prenatal diagnosis in a
separate study from Children’s Hospital of Wisconsin.18 The Fetal Heart
Society was established in 2014, with one of its goals being to foster and
support multicenter research and create a research collaborative. There
are ongoing projects assessing the socioeconomic and geographic factors
in the prenatal diagnosis of critical heart disease.51 Although the rate of
prenatal diagnosis of CHD is improving over time, it is clear that patients
living in impoverished and/or rural communities are less likely to have a
prenatal diagnosis. As there is strong evidence that fetal diagnosis and
prenatal risk stratification of infants born with critical CHD are associ-
ated with improved outcomes, further studies on racial and socioeco-
nomic disparities are needed to develop solutions that would allow an
improved rate of prenatal diagnosis in the most susceptible patient
populations.
Insurance affecting congenital cardiac health outcomes

In 2002, having compiled data from numerous studies, the Institute of
Medicine reported that “the uninsured have poorer health and shortened
lives” and that having insurance decreased all-cause mortality.52

Pediatric-specific studies investigating the effect of insurance on health
have demonstrated similar findings.53,54

Although research regarding how insurance status affects outcomes in
patients with CHD is relatively sparse, studies have demonstrated a clear
association with outcomes. As a social determinant of health, insurance
status is often intimately linked with race, ethnicity, and socioeconomic
status. Peyvandi et al55,56 conducted a population-based cohort study
using the California Office of Statewide Health Planning and Develop-
ment database to determine the effects of racial/ethnic and socioeco-
nomic factors on the outcome of CHD. A composite outcome of mortality
and readmissions in the first year of life was studied for Hispanic and
non-Hispanic White ethnicities. Overall, Hispanic ethnicity was associ-
ated with a poor outcome, with an odds ratio of 1.7. It should be noted
that 75% of the Hispanic patients had public or no insurance versus 30%
of the non-Hispanic White patients. In mediation analysis, the total effect
of race/ethnicity was 37.8% and that of maternal education represented
33.2%, and insurance status (categorized as public, private, or
self-pay/other) explained 27.6% of the poor outcome. Another study
found that children from the lowest-income neighborhoods had 1.18
times the odds of mortality, 7% longer stays, and 7% higher costs than
the children from the highest-income neighborhoods, and those with
public insurance had a mortality rate 1.15 times those with private in-
surance.57 In addition, Kucik et al58 found that a lack of insurance
resulted in 3 times the mortality risk compared with privately insured
infants with critical CHDs.

Suboptimal access to quality care appears to be a recurring driver of
poor outcomes because underinsured infants with CHD have been shown
to be referred to pediatric cardiologists later than those with insurance59

and have increased rates of readmission following surgery for CHD.60

Furthermore, the influence of insurance and access to care remains
constant across the continuum of CHD, with studies showing that
4

government insurance (vs private) is associated with increased morbidity
during adult CHD surgery admissions.61 Although there remains a
paucity of data specific to access to catheterization and subsequent out-
comes in patients with CHD with regard to insurance status, it is
reasonable to assume that disparities exist. Further studies are necessary
to understand the full scope of this disparity.
Suggestions for improved patient outcomes

Tracking outcomes with factors associated with inequities (eg,
distance from center, differences in race, intervention in parent edu-
cation as it relates to medical literacy) is the first step to decreasing
disparities in the congenital interventional community (Central Illus-
tration). In addition, the diversity of providers in congenital inter-
ventional cardiology needs to concomitantly be addressed. Our group
continues to have significant underrepresentation of minority groups
and as we acknowledge the importance of diversity in our workforce,
we must begin to address this at the early stages of education and
recruit talented colleagues with diverse backgrounds. This will only
improve our parent–provider relationship and ultimately begin to
improve patient care. Advocacy for improved insurance coverage of
our pediatric population must continue to be fostered by our
congenital interventional community. Possible solutions for access to
care would be for tertiary large cardiac centers to operate satellite
clinics with outreach to more underserved areas, providing quality
care within a more reasonable distance.
Summary

We have identified several factors that may lead to disparities in care
and poor outcomes for pediatric and adult patients with CHD who
require diagnostic and interventional catheterization. By increasing
awareness of these concepts, we can begin to enact changes that may lead
to improved access to high-quality care for all our patients. Going for-
ward, we hope to leverage existing data and registries such as IMPACT to
continue to gain a better understanding of how these factors directly
impact our patients with CHD who require care in the cardiac catheter-
ization laboratory.
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