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Abstract

Background—Many individuals born with congenital heart defects (CHD) survive to adulthood.
However, population estimates of CHD beyond early childhood are limited in the U.S.
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Objectives—To estimate the percentage of individuals aged 1-to-64 years at five U.S. sites
with CHD documented at a healthcare encounter during a three-year period and describe their
characteristics.

Methods—Sites conducted population-based surveillance of CHD among 1 to 10-year-olds
(three sites) and 11 to 64-year-olds (all five sites) by linking healthcare data. Eligible cases
resided in the population catchment areas and had one or more healthcare encounters during the
surveillance period (January 1, 2011-December 31, 2013) with a CHD-related ICD-9-CM code.
Site-specific population census estimates from the same age groups and time period were used

to assess percentage of individuals in the catchment area with a CHD-related ICD-9-CM code
documented at a healthcare encounter (hereafter referred to as CHD cases). Severe and non-severe
CHD were based on an established mutually exclusive anatomic hierarchy.

Results—Among 42,646 CHD cases, 23.7% had severe CHD and 51.5% were male. Percentage
of CHD cases among 1 to 10-year-olds, was 6.36/1,000 (range: 4.33-9.96/1,000) but varied

by CHD severity [severe: 1.56/1,000 (range: 1.04-2.64/1,000); non-severe: 4.80/1,000 (range:
3.28-7.32/1,000)]. Percentage of cases across all sites in 11 to 64-year-olds was 1.47/1,000 (range:
1.02-2.18/1,000) and varied by CHD severity [severe: 0.34/1,000 (range: 0.26-0.49/1,000); non-
severe: 1.13/1,000 (range: 0.76-1.69/1,000)]. Percentage of CHD cases decreased with age until 20
to 44 years and, for non-severe CHD only, increased slightly for ages 45 to 64 years.

Conclusion—CHD cases varied by site, CHD severity, and age. These findings will inform
planning for the needs of this growing population.

Congenital heart defects (CHD) are the most common type of birth defects and affect about
1% of U.S. births)12 Due to advances in medical and surgical interventions, the majority of
individuals with CHD live into adulthood3-%. Survival of individuals with CHD, even those
with the most severe defects, has improved over time.”-8 However, whereas birth defects
surveillance programs provide valuable data on prevalence of CHD at and around the time of
birth, in the U.S., population-level surveillance data on the prevalence of CHD beyond early
childhood is scarce.®

For this reason, such estimates for the U.S. have so far largely relied on Canadian data or
Canadian data extrapolated to the U.S. population.3-> Estimates of CHD prevalence based
on Canadian data may not reflect the true population prevalence of CHD in the U.S. due
to differences in sociodemographic characteristics and healthcare access and utilization.
The U.S. healthcare system, which is fragmented and lacks universal health care in most
states, poses a significant challenge for population-based surveillance of CHD. Individuals
with less or no access to health care may not be identified through health care records.
Even among insured individuals, a substantial percentage of those with CHD fall out of
cardiac care.10 In addition, following CHD patients across time and healthcare systems

is difficult. All of these systemic challenges make determining U.S. population-based
prevalence estimates difficult. Unsurprisingly, current knowledge of the CHD population
in the U.S. is largely based on clinic-specific data or use of administrative datasets!, each
of which has its potential limitations and biases. Despite the challenges, the Centers for
Disease Control and Prevention (CDC) has led a series of initiatives to improve empirical
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estimates of population-based prevalence, as such estimates aid in adequately planning for
the healthcare needs of individuals with CHD.12

From 2012 to 2015, the CDC initiated a three year, three-site pilot project to determine

the feasibility of conducting population-based surveillance among adolescents and adults
with CHD in the U.S.%. This project reported the population-based prevalence of adolescents
and adults seeking healthcare with a high degree of variability, likely reflecting the access

to and variation of data sources used for surveillance.?-13:14 In 2015, the CDC funded a
four-year project at five U.S. surveillance sites to conduct public health surveillance of 1 to
64-year-olds with CHD receiving health care. In this report, we describe the demographic
and clinical characteristics of individuals with a documented CHD-related /nternational
Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis
code during 2011-2013 data from these five surveillance sites.

CHD case definition

Individuals (hereafter referred to as CHD cases) were ascertained by the site-specific
surveillance system if they had any ICD-9-CM CHD diagnosis codes between 745.xx to
747.xx documented in a healthcare encounter between January 1, 2011 and December

31, 2013, excluding: congenital heart block (746.86), absent/hypoplastic umbilical artery
(747.5), pulmonary arteriovenous malformation (747.32), other anomalies of peripheral
vascular system (747.6x), and other specified anomalies of circulatory system (747.8x).
Cases with the eligible CHD diagnosis codes were categorized into five hierarchical native
anatomic complexity groupings similar to previously published algorithms based on the
individuals” hemodynamic severity and basic anatomy.3#° Categories are hereafter referred
to as severe, shunt + valve, valve, shunt, and non-specific defects (Supplemental Table 1). If
a case had a severe code and a code in one of the other categories, the case was considered
severe. 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.15 Preliminary validation studies from this surveillance project showed poor
positive predictive value (PPV) for non-specific CHD codes (unpublished data). Thus, cases
in the non-specific defect category (all cases not categorized as severe, shunt + valve, valve,
or shunt) were excluded regardless of whether their non-specific code co-occurred with
745.5, or they had > 1 non-specific code. CHD severity then was collapsed into two groups:
severe CHD and non-severe CHD (shunt + valve, valve, and shunt). Severe CHD included
endocardial cushion defects, interrupted aortic arch, tetralogy of Fallot, total anomalous
pulmonary venous return, transposition complexes, truncus arteriosus and univentricular
hearts.

Study population and case ascertainment

Cases aged 1-64 years were identified in Georgia (GA), North Carolina (NC) and New
York (NY); cases aged 11-64 years were identified in Colorado (CO) and Utah (UT).
All cases had a documented CHD-related ICD-9-CM code in one or more healthcare
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encounters between January 1, 2011 and December 31, 2013 and a residential address in the
site-specific catchment areas at some point in the 3-year surveillance period. The catchment
areas for each site are as follows: statewide for CO, NC and UT, a 5-county metropolitan-
Atlanta area for GA that included Clayton, Cobb, DeKalb, Fulton, and Gwinnett counties,
and an 11-county area for NY that included Allegany, Bronx, Cattaraugus, Chautauqua,
Erie, Genesee, Monroe, Niagara, Orleans, Westchester, and Wyoming counties. CO cases
were identified using electronic health records (EHR) from four independent healthcare
systems that serve diverse populations across the state and the Colorado All Payer Claims
Database6. NC cases were identified using EHR data from five pediatric and adult
comprehensive CHD clinical facilities. UT cases were identified using hospital discharge
data and clinical data from two major health facilities with pediatric and adult cardiology
specialty clinics. In GA, cases were identified using Medicaid claims data, data from

six pediatric and adult clinical facilities, and an existing surgical database. NY cases

were identified from three pediatric cardiology clinics, Medicaid claims data, and hospital
inpatient and outpatient discharge data. Each site determined vital status by linking to state
death certificates and retained this information in the surveillance dataset. Individuals that
died during the surveillance period were not excluded from the surveillance system. Cases
were linked and de-duplicated across participating case finding data sources at each site.

Analytic data elements

At each site, once eligible cases were identified, all available healthcare encounters,
including those not related to CHD, were captured over the 3-year surveillance period.

Age was defined as age at the first healthcare encounter with an eligible ICD-9-CM

CHD code during the surveillance period. For this analysis, insurance type was a static,
hierarchical variable (public, private, and none) during the 3-year period. l.e., if insurance
documented at any healthcare encounter was Medicaid or Medicare, insurance type was
assigned “public”; if it was private, other government, or other insurance, insurance type
was assigned “private”; and if all encounters were self-pay or no insurance, insurance

type was assigned to “none”. Insurance type was stratified by age groups, 1 to 10, 11 to

18, 19 to 64, as qualification for public insurance may vary by age. Sex (male, female,
unknown), ethnicity (Hispanic, non-Hispanic, unknown), race (White, American Indian or
Alaskan Native, Asian, Black or African American, Multi-racial, Native Hawaiian or Pacific
Islander, unavailable/unknown), and data source type (Colorado All Payer Claims Database,
clinical, hospital discharge, Medicaid, surgical data) were abstracted from the EHR or
administrative data source and included in this analysis. As Down syndrome is the most
common chromosomal abnormality associated with CHD1’, we also assessed co-occurring
Down syndrome (yes, no; defined as having = 1 ICD-9-CM diagnosis code of 758.0) with
identified individuals.

Population data

The denominator for overall, age-specific, and sex-specific populations at each site was
estimated by averaging 2011, 2012, and 2013 U.S. Census estimates (Supplemental Table 2).
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Statistical analysis

Results

Estimated percentage of cases at each site were calculated by dividing the number of

cases by the total individuals in the general population for each site. Estimates per 1,000
population were provided overall and stratified by site, CHD severity, and age group (age
group 1-10 years was reported for 5-county metropolitan-Atlanta, GA, 11-county NY, and
statewide NC; all five sites reported age groups 11-18, 19-44, and 45-64 years). All analyses
were performed using SAS software version 9.4 (SAS Institute Inc., Cary, NC). Compilation
and sharing of de-identified data with the CDC were approved by each site’s Institutional
Review Board. De-identified, de-duplicated demographic, encounter, and summary-level
data which combined and reconciled information from all data sources were transmitted by
the five surveillance sites to CDC via a secure mechanism.

Funding for this project was provided by the Centers for Disease Control and Prevention,
Grant/Award Number: CDC-RFA-DD15-1506. The authors are solely responsible for the
design and conduct of this study, all study analyses, the drafting and editing of the paper and
its final contents.

The data source types used in the surveillance system varied by site (Supplemental Table

3). Almost a third (31%) of all cases were found in two or more data sources. All sites

used clinical databases, in which 75.5% of individuals were found (range across sites:
40.7%-100%). CO was the only site to use an all-payer claims data source which included
all Medicaid insurance claims for the surveillance period, however the majority of cases
identified in the claims dataset were also identified in clinical EHR.1 The largest percentage
of cases from GA (72.6%) and UT (99.2%) and all cases in NC were found in clinical data.
For NY cases, 88.2% were found in hospital discharge data.

A total of 42,646 unique individuals with CHD-related ICD-9-CM code(s) were identified
through this 5-site population-based surveillance system. The majority of the sample (across
all sites) was male (51.5%), non-Hispanic (64.8%), and White (55.2%); however, race

was missing for 13-34% of cases and ethnicity was missing for 3-44% of cases (Table

1). Severe CHD occurred in 23.7% of cases. Insurance type varied by age and by site.
Overall, the majority of individuals residing in 5-county metropolitan-Atlanta, GA and
11-county NYY had at least one encounter covered by public insurance (55.9% and 72.2%,
respectively), whereas the majority of individuals in CO, NC, and UT had private insurance
only (59.4%, 41.4%, and 72.8%, respectively). Public insurance was documented at one or
more encounters for 61.9% of 1 to 10-year-olds (range: 43.1% in NC to 80.8% in NY),
42.7% of 11 to 18-year-olds (range: 26.7% in UT to 62.4% in NY), and 39.1% of 19 to
64-year-olds (range: 24.9% in NC to 67.6% in NY). Approximately 5.5% of cases also had
Down syndrome (range across sites: 3.9%-7.4%).

Among the three sites that ascertained cases aged 1-64 years (5-county metropolitan-
Atlanta, GA, 11-county NY, and statewide NC), the percentage of cases was 2.07 per 1,000;
site-specific estimates ranged from 1.52 to 2.74 per 1,000 (Table 2). Among all five sites that
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ascertained cases aged 11-64, the percentage of cases was 1.47 per 1,000; with site-specific
estimates ranging from 1.02 to 2.18 per 1,000.

When stratified by age, for children ages 1-10 years from 5-county metropolitan-Atlanta,
GA, 11-county NY, and statewide NC, the combined percentage of cases across sites was
6.36 per 1,000, but site-specific estimates ranged from 4.33 - 9.96 per 1,000 (Figure 1).
Across all five sites, the percentage of cases declined with advancing age from 3.35 per
1,000 among 11 to 18-year-olds to 1.07 per 1,000 among 45 to 64-year-olds. Estimates of
both severe and non-severe CHD decreased with age; however, among cases with non-severe
CHD, the estimate increased slightly from 19-44 years to 45-64 years. This slight increase
occurred among males only (Supplemental Figure 1).

Among 1 to 10-year-olds (based on three sites) and 11 to 64-year-olds (based on all

five sites), cases were stratified by severity group (Figure 2). The highest estimates were
observed for the 1 to 10-year-olds in the shunt group (2.6/1,000) and for the 11 to 64-year-
olds in the valve group (0.7/1,000). Among those with non-severe CHD, the majority
(52.8%) had valve defects, though the composition of the non-severe group varied by site.

Discussion

This is one of the first population-based, multi-site surveillance systems of 1 to 64-year-
olds with CHD receiving health care in the U.S. This surveillance project expands upon
previous U.S. population-based surveillance efforts among adolescents and adults and
showed consistency across sites in estimates of individuals with CHD receiving health care.
91314 At five U.S. sites, we found that one in 157 1 to 10-year-olds and one in 680 11

to 64-year-olds had CHD and received health care from 2011 to 2013, although estimates
varied by surveillance site, CHD severity, and age group. These small variations by site are
likely influenced by data sources utilized (eg, clinical versus administrative data), coding
practices at healthcare institutions, and healthcare access and utilization. These estimates
were lower than published estimates from Canada of 13 per 1,000 in children under 18 years
and 6 per 1,000 in adults; however, these estimates may not be comparable to ours due to
differences in healthcare systems, access to care, and insurance coverage.3

Overall, percentage of cases decreased from ages 1 to 10 to 19 to 44, which may reflect
higher mortality rates with age among individuals with CHD compared to the general
population. However, given survival has improved across all types of defects,® this decrease
from ages 1 to 10 to 19 to 44 may also reflect individuals ages to 44 years with CHD
receiving less health care during the 3-year surveillance period and having their CHD
documented less frequently at healthcare encounters compared to 1 to 10-year-olds with
CHD. Age 1 to 10 is when the majority of individuals with CHD are diagnosed and receive
interventions. After reparative surgeries and interventions, individuals may begin to drop out
of care.10 In addition, once children reach adulthood, they may no longer have access to
state insurance coverage programs only eligible to children, limiting their access to care,18
which has been shown to be a concern for parents of adolescents with CHD from New York
and Georgia.1®
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The pattern of CHD type differed by age group: among 1 to 10-year-olds, shunt defects
were the most common defect type (2.6/1,000), whereas valve defects (0.7/1,000) were
most common among 11 to 64-year-olds. Among males, the estimates for non-severe CHD
increased slightly from 19-44 years to 45-64 years, which may be due to late manifestation
of symptoms from CHD types more common in males leading to delayed diagnosis later

in life, increased rates of cardiovascular disease (CVD), or increased CVD screening in
males compared to females. E.qg., bicuspid aortic valve is three times more common in men
than women and valve pathology may not manifest until later ages.2° In addition, acquired
CVD related to changes in ventricular compliance may exacerbate CHD symptoms; CVD
screening may lead to an incidental diagnosis of a non-symptomatic CHD; and/or coders
may erroneously document acquired CVD as CHD. The percentage of severe CHD in the
45-64-year-old age group was lower across sites compared to the other age groups. It is
possible the birth years of these cases cover a time where childhood congenital heart surgery
was not available, or in the early stages, leading to lower survival in this age group.8 Overall,
23.7% of CHD cases had severe CHD, which is higher than estimates from other countries
or those modeled from Canadian healthcare data®. Given cases in this U.S. surveillance
system were identified through healthcare encounters with a documented CHD during a
three-year period, it is possible that the most complex patients may have sought care more
often than less complex cases, leading to a higher proportion with severe CHD in our data.

The characteristics of individuals living with CHD in this sample differ from the general
population. Almost half of individuals with CHD had public insurance at one or more
healthcare encounters, compared to 25% of the U.S. general population under the age of
65 years in 2013.21 This may reflect differences in methodology between estimates (our
estimate is based on individuals receiving health care), differences in data sources used by
sites, or differences in insurance eligibility requirements, such as disability status, among
people with CHD compared to the general population.2! Over 5% of individuals in our
analysis had Down syndrome, which has a birth prevalence of approximately 1 in 700 births,
a lifespan prevalence of 1 in 1200, and a life expectancy of 47 years.22:23 Understanding
population estimates of CHD across the lifespan, in relation to defect type, healthcare
coverage, and genetic syndromes can improve planning for the needs of the growing CHD
population.

This project has several strengths. This is the first population-based effort among five diverse
geographic sites to conduct surveillance of CHD in the U.S. All surveillance sites adhered

to a uniform project methodology, including case definition and data elements, allowing

for comparison of data across sites. This project expands upon a previous population-based
surveillance effort that reported adolescent and adult estimates across three sites.13.14

Sites linked and deduplicated multiple clinical and/or administrative data sources; 31% of
individuals were found in two or more data sources, indicating value in linking multiple

data sources to ascertain healthcare encounters among cases. Despite site-specific data
source variations, the total estimates and severe/non-severe stratified estimates were largely
consistent across sites.

This project is subject to several limitations. The data are from five distinct surveillance sites
and stratified and total estimates may not be generalizable to other U.S. sites, although, as
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stated above, estimates were similar across sites. The estimates from each site represents
individuals who had a healthcare encounter with a documented 1ICD-9-CM code for CHD
during the three-year surveillance period and may not accurately estimate the population

of individuals with CHD. Individuals with CHD residing within site catchment areas may
not have received care during the study’s three year-period, may not have had their CHD
documented at their healthcare encounters, or may have sought care that was not captured
in the sites’ data sources, thereby under-estimating in the true prevalence of individuals
living with CHD. Also, CHD-related ICD-9-CM codes in cardiology clinic data show

good sensitivity and specificity?4, whereas CHD-related ICD-9-CM codes in administrative
data have a lower PP\/15.25.26 However, the accuracy of CHD-related ICD-9-CM codes

in administrative data improves with greater CHD severity and with the exclusion of
non-specific CHD codes?® and code 745.5 in isolation. 1° To improve upon these known
limitations with CHD-related ICD-9-CM codes, we excluded cases with non-specific CHD
codes (Supplemental Table 1) and those with an isolated code of 745.5, which may result in
an underestimation of prevalence. A preliminary validation study of the current data showed
that the PPV for total cases was approximately 80% after excluding isolated 745.5 and
non-specific CHD codes; thus, one out of five cases in our surveillance system may not have
CHD. Although data from all available sources were used, overall race data were missing
for 12% to 33% of cases and ethnicity data were missing for 3% to 44% of cases, limiting
our ability to understand differences and further explore previously documented disparities
in morbidity and mortality by race and ethnicity?’.

Conclusions

This is one of the first population-based, multi-site surveillance systems of 1 to 64-year-
olds with CHD receiving health care. Despite site-specific data source variations, the total
estimate and those stratified by CHD severity were largely consistent across sites. Results
from this surveillance project show a substantial number of individuals with CHD residing
in the five sites, with diversity by CHD severity, age, race/ethnicity, sex, Down syndrome,
and insurance coverage. These three years of population-based healthcare data in 5 sites for
individuals with CHD across the lifespan will provide information on healthcare encounters
and procedures, comorbidities, mortality, demographic characteristics, and health insurance
by CHD severity. Project findings from this analysis, as well as future ones, will inform
planning for the needs of the growing population of individuals living with CHD.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical perspectives

This is one of the first population-based, multi-site surveillance systems of 1 to 64-
year-olds with CHD receiving health care. Results from this surveillance effort show a
substantial number of individuals with CHD residing in the five U.S. sites, with diversity
in CHD severity, age, race/ethnicity, sex, Down syndrome, and insurance coverage.
These three years of population-based healthcare data in five U.S. sites for individuals
with CHD across the lifespan will provide information on healthcare encounters and
procedures, comorbidities, mortality, demographic characteristics, and health insurance
by CHD severity. Project findings from this analysis will aid in planning for the needs of
the growing population of individuals living with CHD.
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Figure 1.
Percentage by age group of 1 to 64-y-olds with a CHD-related ICD-9-CM code* per 1,000

individuals, total and by CHD severityt, 5 sitest, 2011-2013.

*Excluding isolated 745.5, 745.5 co-occurring with a non-specific CHD code, or = 1 non-
specific CHD code. TNon-severe = shunt + valve, valve, and shunt categories combined.
tEstimate for 1 to 10-year-olds based on 3 sites: 5-county metropolitan-Atlanta, GA, 11
counties in NY state, statewide in NC; 11-18, 19-44, and 45-64-y-old estimates based on
5 sites: statewide in CO, 5-county metropolitan-Atlanta, GA, 11 counties in NY state,
statewide in NC, and statewide in UT.
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Percentage of 1 to 10, 11 to 18 and 19 to 64-y-olds with a CHD-related ICD-9-CM code*
per 1,000 individuals, by CHD severity group, 5 sitest, 2011-2013.

*Excluding isolated 745.5, 745.5 co-occurring with a non-specific CHD code, or =1 non-
specific CHD code. TEstimate for 1 to 10-y-olds based on 3 sites: 5-county metropolitan-
Atlanta, GA, 11 counties in NY state, statewide in NC; 11-18, 19-44, and 45-64-y-old
estimates based on 5 sites: statewide in CO, 5-county metropolitan-Atlanta, GA, 11 counties
in NY state, statewide in NC, and statewide in UT.
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