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Abstract

Background: Follow-up at a regional adult congenital heart disease (ACHD) center
is recommended for all ACHD patients at least once per the 2018 ACC/AHA guide-
lines. Other specialties have demonstrated poorer follow-up and outcomes correlat-
ing with increased distance from health care providers, but driving time to regional
ACHD centers has not been examined in the US population.

Objective: To identify and characterize potential disparities in access to ACHD care
in the US based on drive time to ACHD centers and compounding sociodemographic
factors.

Methods: Mid- to high-volume ACHD centers with 2500 outpatient ACHD visits
and 220 ACHD surgeries annually were included based on self-reported, public data.
Geographic Information System mapping was used to delineate drive times to ACHD
centers. Sociodemographic data from the 2012-2016 American Community Survey
(US Census) and the Environmental Systems Research Institute were analyzed based
on drive time to nearest ACHD center. Previously established CHD prevalence esti-
mates were used to estimate the similarly located US ACHD population.

Results: Nearly half of the continental US population (45.1%) lives >1 hour drive to
an ACHD center. Overall, 39.7% live 1-4 hours away, 3.4% live 4-6 hours away, and
2.0% live >6 hours away. Hispanics were disproportionately likely to live a >6 hour
drive to a center (p < .001). Compared to people with <1 hour drive, those living
>6 hours away have higher proportions of uninsured adults (29% vs. 18%; p < .001),
households below the federal poverty level (19% vs. 13%; p < .001), and adults with
less than college education (18% vs. 12%; p < .001).

Conclusions: We estimate that ~45% of the continental US population lives >1 hour
to an ACHD center, with 5.4% living >4 hours away. Compounding barriers exist for
Hispanic, uninsured, lower socioeconomic status, and less-educated patients. These

results may help drive future policy changes to improve access to ACHD care.
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1 | INTRODUCTION

Due to improving medical and surgical care, more than 90% of
children born with congenital heart disease (CHD) survive to
adulthood.! This change in survivorship has led to a rapidly grow-
ing adult congenital heart disease (ACHD) population, which in-
creased by more than 50% from 2000 to 2010.2 Using Canadian
population-based data sources, Marelli et al reported that, by
2010, 66% of all CHD patients in Quebec were adults. Using these
Canadian prevalence estimates and adjusting for US racial/ethnic
differences, Gilboa et al estimated the 2010 US adult population
of CHD patients in the United States to be approximately 1.4
million.?

The large and continually growing ACHD population has a
unique set of medical needs due to the intersection of CHD, a
traditionally pediatric group of diseases, and internal medicine,
with acquired adult disease playing an increasingly significant
role as patients age. Care for this population is additionally
challenging given the dearth of formally trained ACHD physi-
cians. The American Board of Internal Medicine jointly with the
American Board of Pediatrics recognized ACHD as a formal,
board-recognized subspecialty in 2015. Since that time, how-
ever, only 308 US physicians have been certified.® Based on the
2010 estimated ACHD population of 1.4 million, the expected
ratio of board-certified ACHD physicians to ACHD patients in
the US is ~1:4500. For comparison, according to 2018 board
certification data, the ratio of pediatric cardiologists to pediat-
ric CHD patients was ~1:300, and that of adult cardiologists to
adults with cardiovascular disease (including hypertension, obe-
sity, etc. which are often cared for solely by primary care physi-
cians) was ~1:950.13"

To help address the problems of ACHD-trained physician scar-
city and the simultaneous increase in the volume of ACHD patients,
the American College of Cardiology (ACC) and the American Heart
Association (AHA), in their 2008 and 2018 ACHD management
guidelines, recommended two tiers of cardiac care follow-up at an
ACHD regional center. First, ACHD patients with simple disease
should follow up at least once to establish future need for follow-up;
and second, those with moderate and complex CHD should follow
up at least every 12-24 months.®” The ACC and AHA list extensive
criteria defining the resources which should be available at an ACHD
regional center including 24/7 access to ACHD specialists, congeni-
tal heart surgeons, and cardiac anesthesiologists. Additionally, other
CHD subspecialties (interventional cardiology, electrophysiology,
advanced heart failure, etc.), all imaging and diagnostic modalities,
and support staff including social work should be readily accessi-
ble.®” While no comprehensive list of centers fulfilling these criteria
exists, the Adult Congenital Heart Association (ACHA)—an organiza-
tion originally founded as a patient advocacy group—began offering
comprehensive ACHD center accreditation in 2017 using a similar
list of criteria. As of July 2019, 29 centers have been ACHD
accredited.®
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Despite the recommendations for specialized follow-up, nearly
half of all ACHD patients experience a gap in care of at least 3 years.”
Lapses in CHD care are associated with poorer symptom control and
needing urgent cardiac surgical and catheter-based interventions.'°
Other chronic diseases such as cystic fibrosis and spina bifida have
also shown increased morbidity in those with less frequent routine
follow up.t+14

According to the HEART-ACHD (The Health, Education, and
Access Research Trial) national multicenter patient study, issues re-
lated to access to care, such as “insurance problems” or “relocating,”
were the most commonly reported reasons for gaps in care in pa-
tients with moderate and complex CHD.? This study showed that
specific areas in the United States were more likely to have patients
who had experienced a lapse in care (Mountain West and Pacific
Northwest), suggestive of geographic disparities in access to lifesav-
ing care.” Increased distance to a cardiac care center has been shown
to be associated with poorer survival in pediatric CHD.*® Similarly,
longer travel time to care correlates with poorer disease control in
cystic fibrosis as well as increased morbidity and long-term mortal-
ity in adult surgery patients.**'%¥ However, improvement in timely
follow-up has been shown after enrollment in programs that help
eliminate transportation and cost barriers to care for socioeconomi-
cally disadvantaged adolescents with diabetes.*®

This study was designed to contribute to the body of work on
specific challenges in access to ACHD care. Our primary goals were
to estimate an individual American’s driving time to the nearest
ACHD center and examine the relationship between key sociodemo-
graphic characteristics and proximity to ACHD centers. To achieve
these goals, we identified mid- to high-volume ACHD centers and
delineated a series of ACHD care catchment areas based on driv-
ing times to the centers. Subsequently, we compared racial/ethnic
and socioeconomic characteristics across the catchment areas.
Ultimately, we hope that our findings may be used as a surrogate for

anindividual ACHD patient’s proximity to appropriate specialty care.

2 | METHODS

2.1 | Defining ACHD centers

Given that no list of ACHD regional centers exists in the US and that
there is evidence of superior CHD outcomes at higher volume cent-
ers, we used the publicly available ACHA directory to identify the
top 50% of registered centers based on high ACHD clinical and surgi-
cal volumes.#¥722 We identified the top 50% highest volume cent-
ers as those with both 2500 clinic visits and 220 surgeries annually,

which we refer to as ACHD centers.

2.2 | Geographic information system mapping

Geographic information system (GIS)?® was used to compare the so-
ciodemographic characteristics of US residents based on their drive

times to an ACHD center. GIS mapping has been used in the health
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care sector for different purposes, including efforts to describe and
understand the changing landscape of health care and access.!*"®
For this study, we used GIS to (1) geocode ACHD centers, (2) delin-
eate drive time catchment areas, (3) summarize essential sociode-
mographic data, and (4) tabulate relevant data for further analysis.
All GIS analyses were limited to the continental United States be-
cause no ACHD centers were identified in either Alaska or Hawaii.
The selected mid- to high-volume ACHD centers were successfully
geocoded in ArcMap 10.5 (Environmental Service Research Institute
(Esri) Corporation, Redlands, CA). Using the Network Analyst
Extension in ArcMap 10.5 and Esri's street network dataset 2007,
we delineated the boundaries of the areas (catchment areas) within
which we could reasonably expect people to drive to any ACHD
center based on typical weather and road conditions. Drive time
breakdowns reflected overall time commitment needed to attend a
clinic visit: <1 hour suggests completing a visit in a half day or less,
1-4 hours suggests a relatively facile ability to drive to and from a
visit the same day, 4-6 hours suggests a trip likely necessitating an
overnight stay vs. one long day, and >6 hours requires at least one
overnight stay.

Notably, the delineation of catchment areas produced four mu-
tually exclusive collections of geographic zones that span the con-
tinental US, one for each specified drive time. These catchment
areas were ‘user-created areas of interest”; their boundaries do
not align neatly with those of standard US Census geographies (eg.
block groups). Therefore, it was necessary to make an estimation of
the population that fall within each catchment area, and also pro-
duce summary estimates on other relevant sociodemographic data.
We used the default Data Allocation method in Esri's Community
Analyst Software as a Service (SaaS) mapping solution to address
this challenge—the method allocates data to user-created areas by
automatically applying population weights to the computation of the
necessary estimates in real time. Once the Data Allocation method
was executed, we could extract accurate estimates of the relevant
data for each catchment area separately. We tabulated data on the
following: total population, race/ethnicity, insurance status, house-
hold income, and educational attainment. All estimates were based
on the US Census 2012-2016 American Community Survey (ACS)
5-year estimates.?*

2.3 | Statistical analysis

Descriptive statistics were calculated to determine the propor-
tion of individuals in each driving time catchment area. Specifically,
cross-tabulations were performed to observe differences between
categorical drive time variables and selected sociodemographic vari-
ables. Differences in proportions were evaluated using chi-square
tests. Statistical significance was defined as p < .05. Analyses were
performed in Stata version 14.2.

3 | RESULTS

3.1 | ACHD center location

We identified 56 mid- to high-volume ACHD centers which provide
well over 90% of clinical care (see Figure 1). These 56 centers and
the US population density by county are shown in Figure 2. In gen-
eral, the identified ACHD centers are located in higher population

density areas such as large cities and the coastal regions.

3.2 | Drive time-based catchment areas

Drive times to ACHD centers from any location in the continental
US are shown in Figure 3. Overall, 54.9% of the US population lived
within the <1 hour drive-time catchment area (half-day visit) while
39.7% lived within the 1-4 hour drive-time catchment area (full-day
visit); this left 3.4% and 2.0% of the US population within the 4-6 hour
drive-time catchment area (likely overnight visit) and >6 hour drive-
time catchment area (definitely overnight visit), respectively.

3.3 | Selected sociodemographic characteristics

The comparisons of people living in the four drive-time catchment
areas are detailed in Table 1. Overall, the distributions of the selected
sociodemographic features across the four catchment areas are sig-
nificantly different (p < .001) for all features. In terms of race/ethnicity,
people who lived in the >6 hours catchment area were more likely to
be Hispanic (47.1%) and less likely to be Black, Non-Hispanic (1.8%)

compared to their overall population representation of 18.2% and

A Annual ACHD Clinic Visits B Annual ACHD Surgeries FIGURE 1 ACHA-registered ACHD
4000 400 center clinical volumes, 2016-2017. A,
500 : 350 Box-and-whiskers plots of self-reported

: annual number of ACHD clinic visits.

3000 300 ) B, ACHD surgeries at the 106 ACHA-

2500 250 registered ACHD centers. There is

2000 200 H significant skew to the data, with a small

1500 150 : number of center providing the majority
o of clinical and surgical care (data from

1000 —— “ T 100 ‘ www.acha.org)

500 50
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Counties inside Continental US:
Mid/high-volume ACHD centers <5.6
and population density of adults

(18+ years old). ACS 2012-16. 561<154

Population per square mile. Categories are seven-class quantiles (septiles)

[ 26.7<43.3

15.5<26.6 [l 43.4<743 |l 202.2<61130

Bl 7442021 (O ACHD Centers

FIGURE 2 ACHD center locations and continental US population density by county, 2012-2016. Map of the continental US showing
location of the 56 identified ACHD centers - those reporting > 500 ACHD clinic visits and > 20 ACHD surgeries annually in 2016-2017 -
superimposed on US population density by county using ACS 2012-2016 5-year population estimates

11.4%, respectively. People living farther from an ACHD center were
significantly more likely to be uninsured: 27.8% of those living within
a one hour drive of an ACHD center were uninsured compared with
51.9% of those living >6 hours away (see Figure 4). Those living farther
from an ACHD center were also more likely to live below the federal
poverty level: 13.2% of those living <1 hour drive of an ACHD center
had household incomes below the federal poverty level compared
with 18.9% of those living >6 hours away. Finally, people living farther
from an ACHD center were less likely to have graduated from college:
24.3% of those living >6 hour drive from an ACHD center were college

graduates compared with 35.7% of those living <1 hour drive.

4 | DISCUSSION

While we estimate that more than half of the continental US lives
<1 hour drive to a mid- to high-volume ACHD center, millions live in
locations where drive times are a potential barrier to accessing care.
Those facing the longest drives are more likely to be Hispanic and of
lower socioeconomic status, and their ability to access appropriate
care may be compounded with language barriers and the inability to

take time off of work if they need >1 day for an ACHD appointment.

Currently, there is no national ACHD registry in the United
States; therefore, there are no authoritative data on ACHD preva-
lence and the geographic distribution of ACHD patients. The most
recent US ACHD prevalence estimate from 2010 of 6.16 patients
per 1000 adults can be applied to the census data that we used in
our study, but it is likely an underestimate given the known ongoing
increase in this patient population.l*2 It may be reasonable to assume
the ACHD population distribution is similar to that of the general
population based on birth defect registries showing similar urban vs
rural incidence of specific CHD lesions.?>?¢ It may also be reasonable
to assume similar socioeconomic characteristics for ACHD patients
compared to the US adult population; a single-center study showed
similar insured rates between ACHD and general adult cardiology
patients after institution of the Affordable Care Act, although this
accounted only for patients seen in clinic.?’ If these population dis-
tribution assumptions are combined with the 2010 US ACHD prev-
alence estimate, nearly 700 000 ACHD patients live >1 hour drive
from an ACHD center, more than 60 000 of whom have complex
disease. This corresponds to 80 000 patients requiring more than a
day’s commitment to attend a clinic visit, more than 8000 of whom
have complex disease—we suspect that many of those facing the

longest drives to access care suffer compounding sociodemographic
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Continental US with concentric
drive times to 56 identified
ACHD high-volume centers.

Driving distance to identified ACHD Centers

M 0-1 hr. drive time
71 1-4 hrs. drive time [ | 6 hrs.+ drive time

[ ]4-6hrs.drivetime (O ACHD Centers

FIGURE 3 Mid- to high-volume ACHD centers and driving time to nearest center. Concentric drive time areas to the nearest of the 56

identified ACHD centers from all locations in the continental US

disparities. Regardless of the exact patient numbers and distribution,
however, it is without question that this large group of patients will
continue to face challenges in access to care due to the overwhelm-
ing shortage of ACHD physicians and centers.

Progress has finally been made in decreasing disparities in post-
operative outcomes for children with CHD, but the scarcity of ACHD
physicians will likely shift these disparities to the ACHD popula-
tion.?® When resources are limited—in this case, access to compre-
hensive ACHD care centers—disparities, often compounding each
other, are bound to exist. We know that chronic disease patients and
postoperative patients have better outcomes when they live closer
to care, just as we know that receiving care at an ACHD center de-
creases mortality."*'7?? In Europe, it is estimated that only 7.1% of
ACHD patients receive care at ACHD centers; it is not known if the
United States does any better.%°

ACHD patients historically remained with their pediatric cardiol-
ogists who understand congenital cardiac physiology, but they lack
experience with general internal medicine practices and age-related
cardiovascular disease. Unfortunately, simply transferring care to an
adult cardiologist is not the answer; this is particularly true given the
increased lapses in care during the transition/transfer process.”3!
Current adult cardiology fellowship training guidelines state that

while a general adult cardiologist will ideally have at least a month

of exposure to ACHD, to graduate they must only have 6 hours of
didactic ACHD education; they should be able to review ACHD
guidelines to determine which patients require ACHD follow up, but
they are not expected to care for this population independently.®?
Additionally, these guidelines did not exist for the thousands of adult
cardiologists who trained before the need for ACHD care was rec-
ognized and incorporated in any manner into training. It is critical
that we provide not just care, but high-quality care to this burgeon-
ing, high-risk population. Right now, there is significant room for
improvement—from 1998 to 2011, for example, ACHD admissions
for heart failure increased by 91% compared to a 21% increase for
non-ACHD heart failure admissions.?® Further work is needed to de-
termine how to optimize care of this challenging population.

4.1 | Limitations

Given the lack of nationally identified regional centers or other cent-
ers of excellence, the definition of ACHD centers and the data used
to define them is based on unverified, self-reported data. While it
has been shown that higher CHD surgical volume centers have su-
perior outcomes, it is unclear if this extends to clinical practice as
well.}”"2! Other factors in defining a regional center such as access

to subspecialists, diagnostic and therapeutic modalities other than
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TABLE 1 US sociodemographic characteristics based on drive time to nearest ACHD center. Breakdown of the US adult population by
race/ethnicity, insurance status, poverty level, and highest attained educational level into four geographic catchment areas based on driving

time to the nearest ACHD center

Drive-time Catchment Areas (hours)

Sociodemographic US Population

Characteristics 218 years <1
Total 241 027 591 132224 744
54.9%

Race/ethnicity

White (Non-Hispanic) 60.8% 54.9%

Black (Non-Hispanic) 12.4% 14.0%

Hispanic 18.2% 20.3%

Other 9.6% 10.8%
Insurance®

Insured 70.7% 72.2%

Uninsured 29.3% 27.8%
Poverty®©

Above FPL 85.6% 86.8%

Below FPL 14.4% 13.2%
Education?

College degree/higher 31.1% 35.7%

Less than college 68.9% 64.3%

1-4 4-6 >6 p-value?
95801 393 8162701 4838753 <.001
39.7% 3.4% 2.0%

<.001
69.2% 67.5% 43.9%
11.1% 8.3% 1.8%
13.8% 18.8% 47.1%

5.9% 5.4% 7.2%

<.001
70.4% 63.0% 48.1%
29.6% 37.0% 51.9%

<.001
84.5% 82.8% 81.1%
15.5% 17.2% 18.9%

<.001
25.5% 22.9% 24.3%
74.5% 77.1% 75.7%

“Testing whether populations in the four catchment areas differ significantly in terms of selected sociodemographic characteristics.
PInsurance status was defined as any type of health insurance including both private and public (Medicare or Medicaid) coverage.
“The 2015 Federal Poverty Line (FPL) Guidelines were used. The federal poverty level is determined based on number of persons in a household; for

example, in 2015 the federal poverty level was $27 890 for a family of four.

dCollege degree or greater includes 4-year undergraduate degree or equivalent and any further graduate education. Less than college degree in-
cludes less than high school, high school degree or GED, trade school, and some college without degree completion.

surgery, and social work and support staff were not considered as
there is no source for reviewing this data. ACHA accreditation is
the closest surrogate to defining a regional center, but as previously
mentioned, only 29 centers have been accredited as of July 2019.
We described distribution, driving time to ACHD centers, and
sociodemographic characteristics of the US population but acknowl-
edge that this is unlikely to be fully accurate of the characteristics of
the ACHD population. Regardless of the precise numbers and dis-
tribution, this study highlights large regions of the country in which
access to ACHD care is challenging—areas in which the population is
more likely to face compounding sociodemographic hardships.

4.2 | Future directions

The ultimate goal of this field of research is to identify barriers to
care so they can be preemptively addressed before deleteriously
affecting health outcomes.?* Given the significant disparities iden-
tified in this study, more detailed investigation is needed into ac-
cess-to-care barriers in the ACHD population.

Ideally, this study’s methods will be repeated in the future using a
known population and distribution of ACHD patients via a registry or

other definitive data source. Sommerhalter et al were able to describe

true CHD population distribution in an 11-county area in New York
using known addresses of adolescent CHD patients, but expanding
their methods to a national scale will be challenging; they were able
to link adolescent patients to a statewide birth defects registry, which
not all states have, and expanding track-and-trace methods to adults
adds another layer of complexity.®

In addition to more accurately describing the true ACHD population,
our methodology could be repeated using a different definition of ACHD
centers or using board-certified ACHD physicians. As ACHA accredita-
tion continues, using accredited centers in place of mid- to high-volume
centers will be a more accurate assessment of access to the specific
follow up recommended by the ACC/AHA. Examining access to board-
certified ACHD physicians and understanding the proportion of ACHD
patients under no care, general adult cardiology care, and/or pediatric
cardiology care are other important considerations. We hope publication
of these types of investigations will improve access to care for the ACHD
population by making it easier for them to identify and access high-qual-
ity care, especially as they transition, transfer care, or relocate.

Finally, a reevaluation of the recommendation of the ACC/
AHA follow-up guidelines may be needed if the number of ACHD-
boarded physicians and accredited centers remains low. If studies
repeatedly show that appropriate care is not being provided, other
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FIGURE 4 Percent of US population without health insurance by county, 2012-2016. Proportion of adults without health insurance

based on ACS 2012-2016 5-year population estimates

methods of care delivery such as satellite clinics or telehealth must
be considered. Additionally, specific CHD-lesion-specific guidelines
can be clarified and refined to guide adult and pediatric cardiologists
in managing simple CHD in order to help channel complex patients

most in need of ACHD-specific care to ACHD centers.
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