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Abstract

Adults with congenital heart disease (CHD) benefit from cardiology follow-up at recommended intervals of <2 years. How-
ever, benefit for children is less clear given limited studies and unclear current guidelines. We hypothesize there are identifi-
able risks for gaps in cardiology follow-up in children with CHD and that gaps in follow-up are associated with differences in
healthcare utilization. Our cohort included children < 10 years old with CHD and a healthcare encounter from 2008 to 2013
at one of four North Carolina (NC) hospitals. We assessed associations between cardiology follow-up and demographics,
lesion severity, healthcare access, and educational isolation (EI). We compared healthcare utilization based on follow-up.
Overall, 60.4% of 6,969 children received cardiology follow-up within 2 years of initial encounter, including 53.1%, 58.1%,
and 79.0% of those with valve, shunt, and severe lesions, respectively. Factors associated with gaps in care included increased
drive time to a cardiology clinic (Hazard Ratio (HR) 0.92/15-min increase), EI (HR 0.94/0.2-unit increase), lesion severity
(HR 0.48 for shunt/valve vs severe), and older age (HR 0.95/month if < 1 year old and 0.94/year if > 1 year old; p <0.05).
Children with a care gap subsequently had more emergency department (ED) visits (Rate Ratio (RR) 1.59) and fewer inpa-
tient encounters and procedures (RR 0.51, 0.35; p <0.05). We found novel factors associated with gaps in care for cardiology
follow-up in children with CHD and altered health care utilization with a gap. Our findings demonstrate a need to mitigate
healthcare barriers and generate clear cardiology follow-up guidelines for children with CHD.
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Introduction [1, 2]. Even with surgery, many children with CHD may

have residual disease and adverse sequela [3]. Thus, life-
Despite advances in surgical interventions and diagnostic ~ long care by a congenital cardiologist is often required for
capabilities over the past several decades, CHD remains a  patients with CHD. For adults living with CHD, the Ameri-
leading cause of death in children less than 10 years old  can College of Cardiology (ACC) and the American Heart
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Association (AHA) recommend follow-up surveillance with
an adult CHD specialist at least every 2 years for most con-
genital lesions [4]. However, there are limited guidelines
regarding follow-up in children. Some consensus groups
have attempted to provide guidance on follow-up frequency
in pediatric populations by specific cardiac lesion [5].
Despite follow-up recommendations, many CHD patients
are not seen by pediatric cardiology specialists following
hospital discharge, which can lead to increased morbidity
and mortality [6-8].

CHD survival has been previously associated with sev-
eral factors, including race, insurance status, and adherence
to medical care [8—11]. Furthermore, there is evidence that
an individual’s surroundings can have an impact on their
health outcomes and likelihood of follow-up, as has been
shown in asthma and preterm births [12—14]. Recently, sev-
eral geospatially linked variables have been validated and
have shown to strongly associate with healthcare access and
outcomes [15]. Examples of validated, geospatially linked
indices include Neighborhood Deprivation Index (NDI),
Racial Isolation (RI), Education Isolation (EI), and drive
time to the nearest cardiology clinic.

Despite the importance of aftercare for complex CHD,
there are few studies with large samples showing factors
associated with gaps in cardiology follow-up in children
with CHD with subsequent differences in health outcomes.
Using a large retrospective database spanning multiple ter-
tiary care centers across the state of North Carolina (NC)
and multivariable analysis techniques, we aim to determine
socioeconomic, demographic, and medical factors associ-
ated with gaps in follow-up and the potential consequences
of a gap in care, including increased morbidity, mortality,
and health care utilization.

Methods
Data Access and Study Design

The North Carolina Congenital Heart Defect (NC-CHD)
Surveillance Network was established in collaboration with
the Centers for Disease Control and Prevention (CDC) in
2015 as part of a nationwide effort to characterize the epi-
demiology of CHD in the USA. Data were acquired via the
NC-CHD Surveillance Network database, which includes
data from 5 NC tertiary care hospital systems: University of
North Carolina, Wake Forest Baptist Health, Atrium Health,
Duke University Medical Center, and East Carolina Uni-
versity, as well as their satellite clinics, from 2008 to 2013.
Data from Atrium Health, including demographic data,
were excluded from this study due to lack of information
on encounter type. Specifically, for this site, we could not
distinguish outpatient visits with a cardiologist from other

outpatient visits. For all other sites, demographic data were
included for patients who had a cardiology encounter with
an included diagnosis. Cases were identified using Inter-
national Classification of Diseases (ICD), Ninth Revisions
codes and were classified by hierarchical native anatomic
complexity groupings similar to previously published algo-
rithms based on the individuals’ hemodynamic severity
and basic anatomy: severe disease, shunt disease, and valve
disease [16]. Cases with an isolated code of 745.5 were
excluded from this analysis since secundum atrial septal
defect, a CHD, cannot be distinguished by ICD codes from
patent foramen ovale (PFO), a normal variant and, therefore,
inclusion of 745.5 may overestimate cases with CHD. Severe
CHD included endocardial cushion defects, interrupted
aortic arch, tetralogy of Fallot, total anomalous pulmonary
venous return, transposition complexes, truncus arteriosus,
and univentricular hearts. This study was approved by the
Duke University Health System Internal Review Board and
all the participating institutional review boards. All pro-
tected health information was maintained in a secure server
and was deidentified for analysis. Details on data abstraction
and processing are found in the Supplemental Materials.
Support for the creation of the NC-CHD Surveillance Net-
work database and statistical analysis was provided by the
CDC grant 5 NU50DD004933-03-00.

Patient Eligibility

Patients in the NC-CHD Surveillance Network database
were included in this analysis if they were < 10 years old at
the time of initial encounter and had a cardiology encounter
with a diagnosis of CHD between January 1, 2008 and June
30, 2012. Similarly, patients who died within 18 months
of their initial encounter were excluded due to insufficient
time to assess follow up. A detailed description of the study
cohort is displayed in Table 1. Additionally, a flow diagram
of all excluded cases for each analysis can be found in Sup-
plemental Fig. 1.

Outcomes

Based on ACC and AHA recommendations for cardiology
follow-up in adults with CHD, a patient in our cohort was
considered to have a gap in care if they did not have a second
cardiology encounter, either inpatient or outpatient, within
2 years 4 60 days of their initial encounter. We collected
health care utilization encounters including the number of
ED, inpatient, and outpatient visits and invasive and non-
invasive procedures. Detailed information on categorization
of invasive and non-invasive procedures can be found in the
Supplemental Materials
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Table 1 Demographic cohort characteristics broken down by age range, including individuals < 1 year old and individuals 1- < 10 years old

Characteristic Age<1 year Age 1-< 10 years All Patients

(N=3797) (N=3172) (N=6969)
Age At Index Encounter-years 0.1 (0.0, 0.2) 4.7 (2.6,7.1) 0.6 (0.0, 4.2)
Female 1931 (50.9%) 1496 (47.2%) 3427 (49.2%)
Race

Asian, Native Hawaiian or Other Pacific Islander

Hispanic

Non-Hispanic Black or African American

Non-Hispanic White
Other/Unknown
Racial Isolation Index

Educational Isolation Index
Neighborhood Deprivation Index

Drive Time (minutes)

55/3797 (1.4%)
580/3797 (15.3%)
1057/3797 (27.8%)
1804/3797 (47.5%)
301/3797 (7.9%)
0.22 (0.13, 0.35)
0.78 (0.64, 0.86)
0.08 (-1.03, 1.24)
16.62 (10.25, 28.64)

Insurance
Medicaid 1245/1954 (63.7%)
Medicare 1/1954 (0.1%)
Private 600/1954 (30.7%)
Self-Pay 1/1954 (0.1%)
Other 122/1954 (6.2%)
Site of Index Encounter
01 1806 (47.6%)
02 498 (13.1%)
03 595 (15.7%)
04 898 (23.7%)
CHD Classification
Severe 664 (17.5%)
Shunt 1797 (47.3%)
Valve 1336 (35.2%)
Days from Index Encounter to End of Study 1415 (966, 1748)
Death 15 (0.4%)

61/3172 (1.9%)
403/3172 (12.7%)
669/3172 (21.1%)
1836/3172 (57.9%)
203/3172 (6.4%)
0.19 (0.10, 0.32)
0.78 (0.63, 0.86)
-0.12 (-1.40, 0.93)
18.01 (11.15, 29.20)

979/1900 (51.5%)
1/1900 (0.1%)
825/1900 (43.4%)
1/1900 (0.1%)
103/1900 (5.4%)

1246 (39.3%)
448 (14.1%)
751 (23.7%)
727 (22.9%)

717 (22.6%)

1158 (36.5%)
1297 (40.9%)
1652 (1365, 2001)
15 (0.5%)

116/6969 (1.7%)
983/6969 (14.1%)
1726/6969 (24.8%)
3640/6969 (52.2%)
504/6969 (7.2%)
0.21 (0.12, 0.34)
0.78 (0.64, 0.86)
0.00 (-1.14, 1.08)
17.43 (10.63, 28.85)

2224/3854 (57.7%)
2/3854 (0.1%)
1425/3854 (37.0%)
2/3854 (0.1%)
225/3854 (5.8%)

3052 (43.8%)
946 (13.6%)

1346 (19.3%)
1625 (23.3%)

1381 (19.8%)
2955 (42.4%)
2633 (37.8%)
1553 (1125, 1916)
30 (0.4%)

Covariate characteristics are also described with continuous variables expressed as median [25th, 75th percentile] and discrete variables

expressed as percentages unless otherwise noted

Statistical Analysis

Descriptive statistics on the cohort were calculated overall
and by age category (<1 year and 1-9 years). Continuous
variables are presented as median (25th, 75th percentile) and
categorical variables are count (percentage). Although the
outcome of interest was cardiology follow-up within 2 years
(+60 days) of index encounter, statistical analyses were con-
ducted using time-to-event methods, to account for early
censoring in patients without a full 2 years of data collec-
tion. Kaplan—Meier estimates for the percentage of patients
who followed by within 2 years was calculated overall and
by subgroups. Additionally, the cumulative percentage of
patients with cardiology follow-up over time was visualized
using Kaplan—Meier curves, and the log-rank test used to
make comparisons between subgroups.

@ Springer

Analysis of Risk Factors for Gap in Follow-up

Measured covariates included age at index encounter, sex,
and race/ethnicity as reported in the electronic medical
record, EI, NDI, drive time to the nearest cardiology clinic,
and CHD severity (non-severe (valve, shunt) or severe).
NDI is a composite index that combines multiple socio-
economic variables, including occupation, education, and
income [17]. EI quantitatively provides a measure of the
ratio between non-college-educated individuals and college-
educated individuals in a given residential area [18]. For
each index, a higher number corresponds to worse depriva-
tion or isolation. For example, a higher number in the NDI
would indicate an area with a lower median income, a higher
unemployment rate, fewer residents that are high school edu-
cated, and fewer households that are owner occupied [17].
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Kaplan-Meier Event Curves Kaplan-Meier Event Curves
A Follow-up with Cardiologist B Follow-up with Cardiologist
100 100 1-0 years
1year
80 %0
R
P 60 /_’f/—’/

Probability of Event (%)

0 3 6 9 12 15 18 2 2
Months from Index Encounter

Number at risk:
6969 5335 4651 4154 373 3379 3256 3028 2779

Kaplan-Meier Event Curves
C Follow-up with Cardiologist

100

Valve
Shunt
Severe

Probability of Event (%)

0 3 6 9 2 15 18 21 2
Months from Index Encounter

Number at risk:

Severe 1381 887 737 615 520 425 304 355 316
Shunt 2955 2226 1931 1730 1588 1448 1408 1323 1223
Valve 2633 222 1983 1809 1665 1506 1454 1350 1240

Fig. 1 Kaplan—Meier curves depicting cardiology follow-up in chil-
dren with CHD over the course of 2 years+ 60 days from their index
encounter overall in this cohort (A), by initial age at index encounter

Specific categorizations of CHD, by ICD code, can be found
in the Supplemental Materials. Insurance status could not be
included due to a high proportion of missing values (40%).
Racial Isolation index (RI) (measuring the extent to which
minority individuals can interact with majority individuals
in a given residential area) was not included due to high col-
linearity with race/ethnicity. Certain variables, including EI,
RI, and NDI are based on census tract. Address data were
sourced from electronic medical records. The influence of
all covariates on time to follow-up was analyzed using a
multivariable, Cox proportional hazards model for time from
index cardiology encounter to first subsequent cardiology
encounter. Continuous variables were assessed for linear-
ity using natural cubic splines and when found to be non-
linearly related to follow-up, linear piece-wise splines were
used in the model. The proportional hazards assumption was
checked using weighted Schoenfeld residuals.

Probability of Event (%)

0 3 6 9 12 15 18 21 2
Months from Index Encounter

Number at risk:
19years 3172 2890 2716 2511 2244 1952 1868 1744 1588
<lyear 3797 2445 1935 1643 1529 1427 1388 1284 191

(B), and by category of CHD lesion (C). In panel B, age group refers
to the age at the index encounter

Analysis of Health Outcomes from Gap in Follow-up

A landmark analysis was used to evaluate differences in sub-
sequent healthcare utilization between those who did and
did not have a gap in cardiology follow-up during the first
2 years of follow-up. Patients were included in the utiliza-
tion analysis if their follow-up extended at least 880-day
post-index encounter. This period is longer than inclusion
criteria for the other analyses to allow for ascertainment
of cardiology follow-up status and additional time during
which patients could have been seen in the health system.
Counts of healthcare encounters for each patient began after
the initial 2-year (+ 60 day) follow-up period. Utilization
was evaluated using a negative binomial model with adjust-
ment for age, sex, race/ethnicity, total drive time to nearest
clinic, NDI, EI and CHD category, and log of post-landmark
follow-up time as an offset.
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Additionally, the incidence of death, severe cardiac dys-
function necessitating placement of a left ventricular assist
device (LVAD), and cardiac transplantation occurrence dur-
ing the post-landmark period were described, overall and by
follow-up status. Patients were included in this descriptive
analysis if they were alive and in the study at the 2-year
(+ 60 day) mark.

Analysis code and selected deidentified datasets are avail-
able upon request. All analyses were performed by the Duke
Clinical Research Institute (Durham, NC) using SAS version
9.4 (SAS Institute, Inc. Cary, NC).

Results
Study Population

In the study cohort, there were 6,969 unique children with
CHD. This cohort included 3,797 (54.5%) children < 1 year
old and 3,172 (45.5%) children 1- < 10 years old at their ini-
tial cardiology encounter. Approximately, half of the cohort
was female (49.2%). A total of 24.8% of individuals were
non-Hispanic Black and 14.1% were Hispanic. For all col-
lected covariates, there was < 10% missing data except for
insurance status, which was missing in >40% of cases.

Risks for Gap in Cardiology Follow-up

Overall, 60.4% of patients followed up with a cardiologist
within 2 years + 60 days of their initial encounter. (Fig. 1A).
Of children who were < 1 year old on initial encounter,
65.9% followed up compared with 53.5% of individuals
1-< 10 years old (p <0.001) (Fig. 1B). The follow-up event
rate by lesion severity was 79% for those with severe disease,
58.1% for those with a shunt lesion, and 53.1% with a valve
lesion (p <0.001) (Fig. 1C).

To determine how patient demographics, disease sever-
ity, and socioeconomic factors were associated with time
to cardiology follow-up, a Cox proportional hazards model
was created, adjusting for multiple measured covariates.
Factors associated with a significantly decreased likelihood
of follow-up (p < 0.05) included drive time to the nearest
cardiology clinic, EI, age at initial encounter, and CHD clas-
sification of shunt or valve (non-severe) compared with a
severe lesion. For drive time to the nearest cardiology center,
every 15-min increase in drive time was associated with an
8% decrease in the rate of follow-up, meaning a lower prob-
ability of follow-up. Similarly, for every 0.2-unit increase in
El, there was a 6% decrease in the hazard of follow-up, with
higher EI corresponding to worse isolation. For individu-
als <1 year old, a 1-month increase in age at initial encoun-
ter corresponded to a 5% decrease in follow-up rate, whereas
for individuals 1- < 10 years old, a 1-year increase in age
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at initial encounter was associated with a 4% decrease in
follow-up hazard. Finally, individuals with non-severe CHD
diagnoses had a 52% reduction in follow-up rate compared to
those with a severe lesion. Factors not independently associ-
ated with a time to follow-up included sex, race/ethnicity,
and NDI. All adjusted HRs are displayed in Fig. 2 and are
shown in a tabular display in Supplemental Table 1.

Health Care Utilization Differences After Gap
in Cardiology Follow-up

To determine effects of a gap in follow-up on subsequent
interaction with the healthcare system, several utilization
parameters were compared between children who did and
did not receive cardiology aftercare within a 2-year + 60-day
time frame from their initial encounter in a multivariable
model. We found that patients who did not follow-up with
a cardiologist within 2 years 4+ 60 days of their initial visit
were more likely to be seen in an ED (RR 1.59, p <0.05)
compared to patients who did follow-up. In contrast, this
group was less likely to have an inpatient hospitalization
(RR 0.82, p<0.05) compared to those who followed up with
no significant difference in outpatient encounter frequency
(Fig. 3A).

As an additional utilization metric, the frequency of pro-
cedures was analyzed in people who did and did not fol-
low-up in the 2-year + 60-day interval. In patients who did
not have cardiology follow-up in that window, there was
a significantly decreased likelihood of both invasive (RR
0.29) and non-invasive (RR 0.36) procedures (Fig. 3B). A
tabular view of all adjusted RRs for utilization parameters
can be found in Supplemental Table 2. Taken as a whole,
we found differences in health care utilization for individuals
who have gaps in cardiology follow-up in compared to those
who did not, with a higher number of ED visits and a lower
number of inpatient visits and procedures.

Differences in Outcomes Based on Follow-up

To determine the incidence of severe events in children
with CHD, three outcomes were examined: death, cardiac
transplant, and placement of a LVAD. Overall, there was a
low event rate of individuals experiencing any of the three
outcomes after the landmark period (0.8%) There were no
recorded cases of LVAD placement in this cohort. A higher
proportion of individuals who did receive cardiology follow-
up died (0.6%) or had a cardiac transplant (0.6%) compared
to the group that did not follow-up with a cardiologist in
that window (0.2% and 0.0%, respectively, Supplemental
Fig. 2A) but this did not reach statistical significance. Addi-
tionally, a higher proportion of individuals with a severe
CHD lesion experienced a poor outcome (2.3%) com-
pared to those with a shunt (0.3%) or valve (0.4%) lesion
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Risk HR
Factor (95% CI) P-value
Age <.001
Per 1 month increase up to 1 year old n 0.95 (0.94 - 0.96)
Per 1 year increase for age 1+ - 0.96 (0.94 - 0.97)
Non-severe vs severe CHD —a 0.48 (0.44 - 0.51) <.001
Female vs Male ——— 1.02 (0.95 - 1.08) 0.606
Race (vs non-Hispanic white) 0.293
Hispanic —_— 1.00(0.90-1.10)
Non-Hispanic Black —a— 0.91 (0.84 - 0.99)
Asian/Hawaiian - 0.96 (0.75 - 1.23)
Other/Unknown —_— 0.99 (0.87 -1.13)
NDI 0.141
Per 1 unit increase below 0 —.— 0.96 (0.90-1.01)
Per 1 unit increase above 0 - 1.02 (0.99 - 1.05)
Total drive time to nearest clinic (per 15 minute increase) - 0.92 (0.89 - 0.95) <.001
Education Isolation Index (per 0.2 index increase) —a— 0.94 (0.88 - 0.99) 0.022
05 06 07 08 09 1 11 12

Fig.2 Forest plot showing adjusted hazard ratios for covariates asso-
ciated with time to cardiology follow-up, with the 95% confidence
interval. The hazard in this figure refers to the hazard of a child with

(Supplemental Fig. 2B). Overall, severe outcomes were
more common in individuals with cardiology follow-up with
a low event rate for death, cardiac transplant, and LVAD
placement.

Discussion

In this retrospective cohort study of children with CHD
in NC, we examined risk factors for gaps in cardiology
aftercare, and differences in healthcare utilization and out-
comes when gap in follow-up occurs. Factors associated
with reduced rates of follow-up in cardiology care included
increased drive time to a cardiology clinic, worse EI, older
age at initial cardiology encounter, and non-severe CHD
lesion. Healthcare utilization differs in individuals who had
gaps in cardiology follow-up, with more subsequent ED vis-
its and fewer inpatient encounters and procedures. Finally,

CHD following up with a cardiologist subsequent to their index
encounter. *EI—Educational Isolation; **NDI—Neighborhood Dep-
rivation Index

in this cohort, there was a low event rate for death, heart
transplant, and LVAD placement.

Our findings for risk factors associated with a reduced
rate of cardiology follow-up add to the scope of known risks
in children with CHD. There is previous evidence that as
children with complex congenital diseases, including CHD
age, they are less likely to attend regularly scheduled follow-
up encounters [19-21]. Our results show that with increased
age in infants, even on the scale of months, there is a sub-
stantial drop-off in likelihood of cardiology follow-up. The
likelihood of follow-up continues to decline at a slower rate
as children age from 1 to less than 10 years old. Explana-
tions for why older children may be less likely to experience
regular follow-up for congenital diseases include greater
travel and scheduling constraints, including time in school,
compared with younger children [22]. An additional risk for
decreased follow-up, especially when moving from infancy
to childhood, is the potential loss of peripartum insurance
benefits. For example, in NC, neonates with mothers on

@ Springer



982 Pediatric Cardiology (2024) 45:976-985
Rate Ratio
Outcome (95% CI) P-value

Encounters
Total —-— 0.82 (0.74 - 0.91) <.001
Inpatient —a— 0.51 (0.44 - 0.59) <.001
Emergency Department — 1.59(1.26 - 1.99) <.001
Outpatient —a 0.91 (0.78 - 1.07) 0.260

Procedures
Total —a— 0.35(0.30 - 0.40) <.001
Invasive —_—— 0.29 (0.21 - 0.40) <.001
Non-invasive —a— 0.35(0.31-0.41) <.001

0.25 05 1 2

Fig. 3 Forest plots depicting the adjusted RRs of utilization in individuals who do not follow-up versus individuals who do follow-up with a
cardiologist within 2 years + 60 days of their index encounter for healthcare encounters (A) and procedures (B). *ED—Emergency Department

Medicaid are automatically eligible for Medicaid but may
lose this coverage after their first birthday [23]. Also, our
finding that individuals with severe disease have a higher
probability of follow-up with cardiology is concordant with
previous findings that individuals whose daily lives are
more impacted by their disease are more likely to follow-up
[7]. Additionally, as a child ages, longer time to follow-up
with spaced out clinic visits may be expected based on the
patient’s clinical course. We acknowledge that age may not
necessarily be a risk factor for loss to follow-up. Because of
this, analyses adjusted for age and CHD severity.

A novel finding from this study is the substantial impact
of drive time to a cardiology clinic on likelihood of follow-
up in children with CHD. It has been previously shown that
outcomes for hypoplastic left heart syndrome (HLHS) are
worse for individuals who live further from tertiary care
centers [24]. Our results show that drive time to a cardi-
ology clinic has a major impact on cardiology follow-up,
which may explain those previously described differences in
outcomes. As about 40% of the NC population live in rural
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areas, there is an especially significant challenge to provide
accessible cardiology care to all. Another novel finding of
this study is the relationship between EI and likelihood of
follow-up. Parental health literacy and education are prog-
nostic factors of health outcomes in children with complex
congenital disease [25]. We provide evidence that one way in
which EI may impact outcomes involves greater likelihood
of reduced rates of cardiology follow-up. Surprisingly, we
did not find a significant association between length of time
to follow-up and either race or NDI.

We found differences in healthcare utilization among
children who had gaps in cardiology follow-up. Specifi-
cally, we found that children with CHD who have a gap
in cardiology follow-up are more likely to be seen in
the ED and less likely to have inpatient encounters or
receive interventions. There are several possible expla-
nations for why ED utilization differs in patients who
have gaps in care. The first is that children with CHD
who do not follow-up with cardiology may receive less
focused subspecialty treatment and health optimization.
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As a child with CHD ages, especially when their congeni-
tal lesion is severe, their cardiovascular physiology has
been shown to change, requiring medication adjustments
or further intervention even when prior medical and/or
surgical interventions were initially effective [26-29].
Patients who do not follow-up with cardiology within a
2-year period may miss out on these critical adjustments.
Furthermore, signs of worsening clinical course, which
may be amenable to intervention, may be missed. Any
decrement in treatment efficacy, medical, or surgical
could increase the likelihood of a CHD patient visiting
the ED. A second potential explanation for the observed
difference in ED utilization with reduced rates in cardiol-
ogy follow-up is that subpopulations of individuals have
been shown to regularly seek care in the ED and use it in
place of an outpatient or primary care provider [30, 31].
This utilization pattern is both more burdensome on the
healthcare system and leads to worse health outcomes
[32]. Regardless of the relative contribution of these two
hypothetical explanations, the increase in ED utilization
in children with CHD who have a reduced rates of car-
diology follow-up provides strong evidence in support
of standardized of follow-up guidelines and outreach for
vulnerable populations. It additionally provides an oppor-
tunity to reengage patients with pediatric cardiology care.
The observed decrease in inpatient encounters and inter-
ventions may be representative of multiple phenomena,
including decreased routine procedures, such as screen-
ing echocardiograms, in children who have a gap in care.
Additionally, people with greater burden of disease and
require more procedures may be more likely to follow-up
outpatient. We found a low rate of death, cardiac trans-
plantation, and LVAD placement in our cohort, with no
recorded LVADs and < 1% of individuals experiencing
death or transplant. This rate is considerably lower than
in past studies of individuals with CHD, likely owing to
improvements in surgical and medical management and a
relatively young patient cohort [9]. We likely did not have
power to detect difference in death and transplantation
due to the very low event rate.

Overall, we find that there are strong predictors of
reduced rates of cardiology follow-up in children with
CHD, including drive time to the nearest cardiology clinic
and EI. Both factors can be further explored via qualita-
tive follow-up studies to identify specific barriers to care
and potential interventions, including broader distribu-
tion of transportation vouchers or telemedicine when
appropriate. Furthermore, we provide evidence for the
creation of standardized follow-up guidelines for children
with CHD given the observed increase in ED utilization
in children without follow-up within 2 years, compared
to children with follow-up.

Limitations

In the absence of clear national guidelines, it is difficult to
know when patients with CHD should follow up. Individ-
ual practitioners may recommend various intervals for their
patients and the recommendations are likely based on many
individual patient factors. To account for variations in rec-
ommendations, we chose a long follow-up period of 2 years
with a 60-day grace period. Our analysis focused on identi-
fying risk factors with a patient having their first follow-up
visit in a reasonable time frame. We acknowledge that some
patient might later be lost to follow-up and we are not cap-
turing those patients. We also included lesion severity in
our model as this is likely one of the most important factors
clinicians use to determine follow-up guidelines. Regardless
of when patients were recommended to follow-up our data
showed differences in health care utilization in patients who
had longer intervals to follow up.

There is an intrinsic potential bias in this study since
people who do not follow-up with cardiology may have
systematically lower data quality (more missingness) when
compared with those who do follow-up. This limitation is
mitigated by the fact that we only included individuals who
have some form of recorded interaction with the healthcare
system over a defined period. Another limitation is that we
did not have information if a patient moved during the study
and followed up with cardiology care outside of NC. Fur-
thermore, CHD patients followed outside of the included
major CHD centers would not be captured; some patients
who were first seen at an included center and then followed
up elsewhere (e.g., after an out-of-state move) would be
erroneously labeled as lost to follow-up. However, based
on 2013 US Census Bureau data showing the rate of total
migration out of NC to be about 2.5% per year, it is unlikely
that this significantly affected our results. Furthermore, 95%
of pediatric cardiologists, all but one in NC, are captured
in our database and thus it is unlikely that many in-state
patients are getting appropriate CHD care elsewhere. If
patients moved out of state and were considered to have a
gap in follow-up, they likely also had lower or zero health
care utilization. This limits our ability to detect greater uti-
lization in those with gaps in care.

Our inability to include insurance status as part of our
analysis limited our understanding of how this variable
affects follow-up time and overall health care utilization
in our specific population. As previously noted, there was
a high percentage of missing insurance data in our popula-
tion (40%). In addition to lack of insurance information,
there may have been other important variables that were
not included. Many care decisions both from the patient
and provider perspective are complex and may not be
entirely understood by the variables included in this study.
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Additionally, while we chose a landmark study design
to more effectively assess utilization and outcomes after
gap in follow-up, we are still not able to assess causa-
tion (i.e., we cannot say that utilization changes occurred
because of gap in follow-up). This study was performed in
major, tertiary care hospital systems. The patient popula-
tion seen in these systems may not be entirely representa-
tive of the total population of individuals with CHD.

Conclusion

In this study, we have identified risk factors for gaps in car-
diology follow-up in children with CHD and consequences
of having a gap in care. We find that there are substan-
tial predictors of gaps in cardiology follow-up based on
patient factors, socioeconomic indicators, and barriers to
healthcare. Our findings also suggest that regular follow-
up with an outpatient cardiologist is important for optimal
healthcare utilization in children with CHD. The creation
of clear, concordant follow-up guidelines based on CHD
lesion for infants and children is therefore an essential
step in CHD care in the pediatric population. Additionally,
continued efforts to improve the accessibility of cardiology
care, especially in rural populations are needed.
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