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BACKGROUND: Children with congenital heart disease (CHD) are known to consume a disproportionate share of resources, yet
there are limited data concerning trends in resource use and mortality among admitted children with CHD. We hypothesize
that charges in CHD-related admissions increased but that mortality improved over time.

METHODS AND RESULTS: This study, including patients <18 years old with CHD, examined inpatient admissions from the na-
tionally representative Kids’ Inpatient Database from 2003 to 2016 in order to assess the frequency, medical complexity, and
outcomes of CHD hospital admissions. A total of 859 843 admissions of children with CHD were identified. CHD admis-
sions increased by 31.8% from 2003 to 2016, whereas overall pediatric admissions decreased by 13.4%. Compared with
non-CHD admissions, those with CHD were more likely to be <1 year of age (80.5% versus 63.3%), and to have >1 complex
chronic condition (89.7% versus 9.3%). For CHD admissions, mortality was higher (2.97% versus 0.31%) and adjusted median
charges greater ($48 426 [interquartile range (IQR), $11.932-$161 048] versus $4697 [IQR, $2551-$12 301]) (P<0.0001 for
all). Among CHD admissions, whereas adjusted median charges increased from $35 577 (IQR, $9303-$110 439) to $61 696
(IQR, $15 212-$219 237), mortality decreased from 3.2% to 2.7% (P for trend <0.0001). CHD admissions accounted for an
increased proportion of all inpatient deaths, from 18.0% in 2003 to 24.5% in 2016.

CONCLUSIONS: Children admitted with CHD are 10 times more likely to die than those without CHD and have higher charges.
Although the rate of mortality in CHD admissions decreased, children with CHD accounted for an increasing proportion of all
pediatric inpatient deaths. Effective resource allocation is critical to optimize outcomes in these high-risk patients.
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only 1in 100 live births,' children with CHD con-

sume a disproportionate share of healthcare
resources®?; yearly expenditures in the United States
approach $6 billion, with recent increases in both hos-
pital costs and charges to the patient.*> Within the
pediatric CHD population, investigators have focused
on issues such as the measurement of the value of
care provided,®” as well as age- and disease-specific

Although congenital heart disease (CHD) affects

risk factors for increased charges.*%8-10 Critical CHD,
the presence of trisomy 21, and clinical presentation in
infancy are associated with higher costs.%'® Whereas
adults with CHD have shown a progressive increase in
both overall hospitalizations and admission costs,3
there are limited data on longitudinal resource use and
outcomes in the pediatric CHD population.

Trends in resource use among admitted children
with CHD are largely undescribed in a contemporary
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CLINICAL PERSPECTIVE

What Is New?

* In this study we evaluate 31 million national
pediatric admissions and describe nearly 1 mil-
lion admissions of children with congenital heart
disease (CHD).

e Children with CHD comprise nearly 2.5% of
all pediatric admissions, and this proportion is
increasing.

e Although the rate of mortality in CHD admis-
sions is improving, children with CHD account
for an increasing proportion of all pediatric inpa-
tient deaths and resource use.

What Are the Clinical Implications?

e This study demonstrates that children with CHD
are at high risk of death and are a growing pro-
portion of the inpatient population, emphasiz-
ing the need for effective resource allocation
and strategies designed to identify and care for
those patients at the highest risk of death.

Nonstandard Abbreviations and Acronyms

CCC complex chronic condition
HCUP Healthcare Cost and Utilization Project
KID Kids’ Inpatient Database

cohort, as are the impact of noncardiac comorbid-
ities on resource use and outcomes. Our group’s
recent work demonstrated that children with CHD
presenting to the emergency department are med-
ically complex, with higher resource use and mortal-
ity than their non-CHD peers. Although resource use
among emergency department visits has increased
over time, mortality has decreased, suggesting that
the overall care of children with CHD may be improv-
ing.”* However, the inpatient population of children
with CHD may be different, with respect to both
clinical characteristics and outcomes, and has not
been as well studied, particularly with respect to
changes over time. The purpose of the current study
is to describe nationwide estimates of CHD-related
hospital admissions over a 14-year period, to detalil
their medical complexity, to evaluate the burden that
CHD places on the inpatient system with respect
to admissions and mortality, and ultimately to test
the hypothesis that over the study period mortality
in CHD-related admissions mirrored the improve-
ment previously shown in the National Emergency
Department Sample.'*
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METHODS

The data sets generated and analyzed for the current
study were obtained, and can be similarly purchased,
from the Healthcare Cost and Ultilization Project
(HCUP).

Data Source

We used the discharge encounters from the Kids’
Inpatient Database (KID), a survey-designed data-
base that contains a nationally representative sample
of discharge data from approximately 3 million an-
nual pediatric inpatient discharges from across the
United States. KID is provided by the HCUP, Agency
for Healthcare Research and Quality,'>'® and uses
systematic random sampling to generate the data
set. Systematic sampling is a method of probability
sampling where elements are chosen from a target
population by selecting a random starting point and
then selects sample members after a fixed sampling
interval. The KID database is generated by using sys-
tematic random sampling to select 10% of uncom-
plicated in-hospital births and 80% of complicated
births and other pediatric discharges. Data from
these patients are then weighted and extrapolated to
generate national estimates. The hospitals included
in the database are specialty hospitals, public hos-
pitals, and academic medical centers. KID includes
information with respect to both hospital and patient
variables. As no patient identifying information is
available in KID, the study was exempt from review
by the institutional review board.

Study Population

For this study, we used KID data from 2003 to 2016
and limited analyses to admission encounters of pa-
tients <18 years of age. The KID database is typically
produced every 3 years (including 2003, 2006, 2009,
and 2012). Because 2015 contains both International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) and Tenth Revision, Clinical
Modification (ICD-10-CM) data, KID was not released
for 2015 and instead released in 2016. The unit of
analysis is the admission encounter; therefore, a pa-
tient may be represented by multiple encounters in
any given year or multiple years. For each visit in KID,
up to 25 ICD-9-CM diagnostic codes before 2016,
and up to 30 /ICD-10-CM diagnostic codes in 2016
were used. We used /ICD-9/10-CM to identify CHD-
related admissions as well as to identify acute CHD-
associated comorbidities that included heart failure,
cyanosis, arrhythmia, pulmonary hypertension, acute
respiratory disease, acute gastrointestinal disease,
acute neurologic disease, sepsis, and acute kidney
injury. We classified CHD into 3 groups hierarchically:
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single ventricle (SV) complex CHD, non-SV complex
CHD, and simple CHD, using ICD-9/710-CM and our
previously reported classification scheme'* (Figure
S).

Covariates

We examined patient and hospital characteristics
as covariates. These included age in years (<1, 1-4,
5-9, 1014, 1517, >17), sex, insurance status (gov-
ernment, private, other), residence (urban versus
rural), and day of admission (weekday versus week-
end). Hospital characteristics included geographic
region (Northeast, Midwest, South, West), bed size
(small, medium, large), and location/teaching status
(metropolitan/teaching, metropolitan/nonteaching or
nonmetropolitan area).

Clinical characteristics include heart failure, cya-
nosis, arrhythmia, pulmonary hypertension, acute re-
spiratory disease, acute gastrointestinal disease, and
others, as listed in Table 2.

Complex chronic conditions (CCC) were defined
as medical conditions that can be reasonably ex-
pected to last at least 12 months and that involve
either several different organ systems or 1 organ
system severely affected enough to require specialty
pediatric care and some period of hospitalization in
a tertiary care center, and included categories such
as gastrointestinal, immunologic, and genetic. Given
that the majority of patients with CHD should have a
CCC for cardiovascular disease, the CCC for cardio-
vascular disease was not included in this analysis. To
identify whether an individual was diagnosed with a
CCC, we used the previously published classification
scheme based on /CD-9-CM and revalidated using
ICD-10-CM."

Outcomes of Interest

We examined the following outcomes of interest within
each encounter: (1) hospital length of stay in days,
(2) mortality, and (3) total inflation-adjusted charges.
Total inpatient charges were inflated to 2016 US dol-
lars using the medical care services component of the
Consumer Price Index.'®

Statistical Analysis

All analyses accounted for KID’s complex survey
designs using appropriate survey weights and as
recommended by HCUP. Discharge weights were
calculated for KID data by stratifying the hospitals on
the same variables that were used for creating the
sample and then creating weights by stratum. The
stratifying variables were geographic region, urban/
rural location, teaching status, bed size, owner-
ship, and children’s hospital. National estimates of
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inpatients, with CHD and without CHD, by year in
20083, 2006, 2009, 2012, and 2016 were calculated.
Demographic and clinical characteristics inpatient
visits with CHD and without CHD were compared
using chi-square tests. Cochran-Armitage tests of
trend were used to assess a relationship with admis-
sions and outcomes by year, for all pediatric admis-
sions, those with any type of CHD, and among SV,
other complex, and simple CHD, and a simple linear
regression for the median charges with year as an
ordered covariate.

To explore the association between visits with and
without CHD and outcomes, unadjusted analyses were
conducted via chi-square (mortality) and Wilcoxon
signed rank tests of (length of stay and inflation-
adjusted charges). Multivariable logistic regression
models were used to assess the relationship between
demographic/clinical characteristics and mortality.
Unadjusted and adjusted odds ratios and 95% Cls as
well as estimated adjusted marginal probabilities (mar-
gins) are presented.

All data management and statistical analyses were
performed using SAS (version 9.4, SAS Institute,
Inc.) and R statistical software. National estimates,
95% Cls, or interquartile range (IQR), and trend tests
were conducted by using SAS survey procedures,
as recommended by HCUP to compute accurate
variances.' A 2-sided P value<0.05 was used as the
threshold for statistical significance.

RESULTS

Demographics and Clinical
Characteristics

Among approximately 31 million national pediat-
ric admissions over the 5 years sampled, there were
859,843 admissions of children with CHD (2.44% of
all pediatric admissions). Slightly less than half of pa-
tients had complex CHD, including 5% with SV dis-
ease. (Figure 1) The majority of admitted patients with
CHD were <4 years of age (90.4%) and were more
often male (52.9%). (Table 1) Compared with admitted
patients without CHD, patients with CHD were more
likely to be <1 year old (80.5% versus 63.3%), to have
Medicaid (50.4% versus 47%), and to present to a
metropolitan teaching hospital (74.9% versus 53.8%)
(P<0.0001 for all).

The most common associated diagnosis among
CHD admissions was sepsis (13.7%), followed by
acute respiratory distress (8.3%). Among cardiac
associated comorbidities, the most frequent diag-
nosis was heart failure (5.1%) followed by arrhythmia
(8.9%) and pulmonary hypertension (2.3%). Patients
with CHD who were admitted were significantly more



Edelson et al

Trends in CHD Admissions

All Visits of Patients < 18 Admitted
M = 30,895,964

Admissions with CHD
N = 844,576 (2.7%)

SV CHD
N = 43,505 (5.1%)

Other Complex CHD
M= 301,416 (35.7%4)

Simple CHD
M = 499,655 (59.2%)

Visits without CHD
N = 30,051,388 (97.3%)

Figure 1. Study Cohort.

CHD indicates congenital heart disease; and SV, single ventricle.

likely to have >1 CCC (39.1% versus 9.3%) and 14.5%
of patients with CHD had 2 or more CCCs compared
with only 2.4% in patients without CHD. The most
common CCCs among CHD admissions were pre-
maturity (14.2%) followed by genetic (13.4%) and gas-
trointestinal (9.9%) (P<0.0001 for all). (Table 2).

Children with CHD admitted to the hospital were
10 times more likely to die than those admitted with-
out CHD (2.97% versus 0.31%). Length of stay was
longer (4.97 days [IQR 1.91-18.32] versus 1.67 days
[1.09-2.62]) and inflation-adjusted charges were 10-
fold higher ($48 436 [IQR $11 932-$161 048] ver-
sus $4697 [IQR $2551-$12 301]). (P<0.0001 for all).
(Table 3).

Temporal Trends in CHD-Related
Admissions

Between 2003 and 2016, total pediatric admissions
decreased by 13.4% and CHD-related admissions in-
creased by 32%, resulting in a proportionate increase
of CHD admissions from 2.2% to 3.3% of all pediatric
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admissions. The most notable changes were in SV
disease admissions, which increased by 39.4%, and
simple CHD admissions, which increased by 50.2% (P
for trend <0.0001). (Tables S1-S3).

The overall mortality rate of admitted pediatric pa-
tients decreased by 5.5%, whereas CHD mortality de-
creased by 15.4%, from 3.2% in 2003 to 2.7% in 2016.
However, CHD admissions accounted for an increased
proportion of all deaths, from 18.0% in 20083 to 24.5%
in 2016. There was a concurrent increase in median
adjusted charges for individual CHD admissions from
$35 577 (IQR $9303-110 439) in 2003 to $61 696
(IQR $15 212-210 237) in 2016 (P for trend <0.0001).
(Figure 2, Figure 3).

Factors Associated With Mortality

Factors independently associated with mortality in-
cluded age <1 vyear, having nonprivate insurance,
presenting on a weekend or in the South region, liv-
ing in a rural environment, presenting to a metropolitan
teaching hospital, having a CCC, and having complex
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Table 1. Demographics, Years 2003, 2006, 2009, 2012, and 2016
Admissions Without Admissions with Congenital
All Admissions, % Congenital Heart Disease, Heart Disease, %
Characteristic (N=35 279 684) % (N=34 419 841) (N=859 843) P Value
Age, y
<1 63.70 63.28 80.49 <0.0001
1-4 7.38 7.32 9.91
5-9 476 4.79 3.61
10-14 5.21 5.27 2.61
1517 6.52 6.64 172
>17 12.09 12.35 1.56
Missing 0.34 0.34 0.10
Sex
Male 47.38 47.25 52.93 <0.0001
Primary payer
Government 47.06 46.97 50.43 <0.0001
Private 44.71 44.77 42.28
Other 4.70 4.74 277
Missing 3.54 3.51 4.562
Time of visit
Weekday 79.29 79.22 82.03 <0.0001
Region of hospital
Northeast 16.80 16.83 15.68 <0.0001
Midwest 21.83 21.86 20.62
South 38.44 38.39 40.44
West 22.93 22.92 23.36
Teaching status of hospital
Metropolitan nonteaching 32.76 33.09 19.77 <0.0001
Metropolitan teaching 54.35 53.84 74.91
Nonmetropolitan 114 11.35 2.49
Missing 1.75 1.72 2.83
Location of patient
Urban 83.52 83.46 86.28 <0.0001
Rural 156.73 15.80 12.75
Missing 0.75 0.74 0.97
Bed size of hospital
Small 11.83 11.89 9.63 <0.0001
Medium 25.83 25.87 24.22
Large 60.59 60.52 63.32
Missing 1.75 1.72 2.83

congenital heart disease. Children with SV were at par-
ticular risk of death, with an odds of mortality more
than 3.5 times higher than those with simple CHD and
more than twice as high as those with other forms of
complex CHD. Associated diagnoses of heart failure,
arrhythmia, pulmonary hypertension, respiratory dis-
ease, neurologic disease, sepsis, and acute kidney
disease were also all independently associated with
death. The adjusted marginal probability for mortality
in patients with CHD who have 1 CCC was 4.6% (95%

J Am Heart Assoc. 2021;10:e018286. DOI: 10.1161/JAHA.120.018286

Cl, 4.5-4.7), and increased to 6.5% (95% Cl, 6.3-6.7)
for those with >2 CCCs. (Table 4).

DISCUSSION

This is the largest known longitudinal evaluation of
pediatric CHD admissions to date and has several no-
table findings that are of interest to clinicians, hospi-
tal administrators, and policymakers. First, our study
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Table 2. Clinical Characteristics of the Study Population Years 2003, 2006, 2009, 2012, and 2016 (Restricted to Ages

0-17 Years)
Admission Without Admissions with Congenital
All Admissions, % Congenital Heart Disease, Heart Disease, %

Characteristic (N=30 895 967) % (N=30 051 388) (N=844 576) P value
Heart failure 0.20 0.06 5.09 <0.0001
Cyanosis 013 0.12 0.81 <0.0001
Arrhythmia 0.52 0.42 3.93 <0.0001
Pulmonary Hypertension 012 0.06 2.33 <0.0001
Acute respiratory disease 3.98 3.86 8.28 <0.0001
Acute gastrointestinal disease 1.94 1.91 3.07 <0.0001
Acute neurologic disease 1.47 1.44 2.65 <0.0001
Sepsis 2.27 1.95 13.67 <0.0001
Acute kidney injury 0.26 0.22 1.68 <0.0001
Complex chronic conditions

Neurologic and neuromuscular 2.28 219 5.569 <0.0001

Respiratory 1.00 0.85 6.16 <0.0001

Renal and urologic 1.20 1.1 4.36 <0.0001

Gastrointestinal 2.08 1.81 9.87 <0.0001

Hematologic or immunologic 1.41 1.37 2.75 <0.0001

Metabolic 1.01 0.96 2.97 <0.0001

Other congenital or genetic 1.63 1.30 13.39 <0.0001

Malignancy 1.69 1.72 0.92 <0.0001

Premature and neonatal 1.53 117 14.24 <0.0001
Number of complex chronic conditions

0 89.89 90.70 60.87 <0.0001

1 7.41 6.93 24.59

2+ 2.70 2.37 14.54

demonstrates the significant and increasing burden
that patients with CHD place on the inpatient hospital
system. Second, these results parallel those seen in
our evaluation of emergency department encounters,
with increasing charges occurring in tandem with im-
proving mortality rates, suggesting that increased allo-
cation of resources may be having a positive effect on
outcomes. Finally, our study demonstrates the high-
risk nature of children with CHD admitted to the hos-
pital with a mortality rate 10-fold higher than children
admitted without CHD.

Despite making up less than 1% of the pediatric
population, children with CHD comprise nearly 2.5% of
all pediatric admissions, with greater than 170 000 per

year, and this proportion increased over the course of
the study. Our data support other studies, which have
shown that advances in the care of children with CHD
have shifted mortality away from childhood and toward
adulthood.?® This increase in the prevalence of com-
plex CHD has in turn likely contributed to the growing
number of CHD admissions.! Interestingly, the increase
in admissions was most notable in the SV cohort,
which may be a result of both improvements in the sur-
vival of children with SV disease®'~2% and the spread of
interstage monitoring programs, which has improved
mortality but may also be leading to increased refer-
rals for admission.?*=?" Each hospitalization of a patient
with CHD, on average, resulted in more than 10 times

Table 3. Outcomes of the Congenital Heart Disease Related Admissions in Patients <18 Years Old

All Admissions, %

Admission Without
Congenital Heart Disease,

Admissions with Congenital

(interquartile range)

Characteristic (N=30 895 967) % (N=30 051 388) Heart Disease, % (N=844 576) P value
Mortality, % (95% ClI) 0.38(0.37, 0.38) 0.31(0.30, 0.31) 2.97 (2.92, 3.01) <0.0001
Length of stay in hospitalization, days 1.68 (1.10-2.69) 1.67 (1.09-2.62) 4.97 (1.91-18.32) <0.0001
median (interquartile range)

Inflated-adjusted charges, $, median 4864 (2590 —13 161) 4697 (2551-12 301) 48 436 (11 932-161 048) <0.0001

J Am Heart Assoc. 2021;10:e018286. DOI: 10.1161/JAHA.120.018286 6
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Figure 2. Trends in Admissions and Mortality.

Whereas overall pediatric admissions and overall mortality
decreased, the proportion of those admissions, and of inpatient
deaths, that were children with CHD, increased. CHD indicates
congenital heart disease.

the charge of a patient without CHD. These higher
charges are likely multifactorial, with longer length of
stay, increased surgical procedures, and higher acuity
all contributing.®%'428 There was a significant increase
in median charge per admission, which outpaced
changes seen in all pediatric admissions, even after
taking inflation into account. Given that CHD admis-
sions increased significantly over the period studied,
despite a national trend toward decreasing pediatric
hospital admissions, the increase in per admission
charge is further magnified with respect to total re-
source use. By 2016, annual charges for CHD-related
admissions exceeded $11.5 billion. These findings,
with CHD-related admissions accruing higher charges
and comprising an increasing proportion of total pedi-
atric admissions, have important implications for the
future of the inpatient care model.

These data support other studies showing that with
improvements in medical care and technologic sup-
port, children whose illnesses would have at one point
been fatal are now surviving, often accompanied by
substantial comorbidities.?®3 This changing disease
course comes at a time when there is a determined
effort to increase the evidence-based care of common
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pediatric illnesses like asthma and bronchiolitis and
to keep those children from being unnecessarily ad-
mitted.3"32 In concert this has led to a population of
pediatric inpatients that is increasingly composed of
children with chronic diseases.33-3%

This study also reinforces the findings from our prior
work evaluating outcomes of emergency department
visits among children with congenital heart disease,
which showed that whereas the charge per encoun-
ter of CHD-related visits was increasing, mortality was
improving. In that study we posited that increased re-
source use was having a positive effect on mortality,
yet we could not rule out the possibility that mortality
had been shifted from the emergency department to
patients admitted to the hospital by other means or who
were never discharged. The findings in this study of in-
patients, however, show a similar increase in charges
concurrent with an improvement in mortality in the CHD
population. These studies together suggest that the
overall care of patients with CHD is improving across
emergency care and inpatient domains and that al-
though resource use has increased significantly over
the 14 years studied, it is having an important impact
on mortality.

Finally, and most important, our findings demon-
strate that despite improvements in care, patients
with CHD who are admitted to the hospital are at
high risk of mortality, with 1 in 33 admissions result-
ing in death and 1 in 4 inpatient deaths occurring in a
child with CHD. Our findings reinforce other studies,
which have shown that infants and those with SV
are at particularly high risk of death, while also high-
lighting other less recognized risk factors. Nearly a
quarter of admitted patients with CHD have at least
1 CCC, with the degree of medical complexity pre-
dicting an increased probability of death. Increased
survival in children with CHD has been accompa-
nied by a new set of comorbidities and complica-
tions.?9:36-38 Studies in adults with CHD have shown
that that noncardiac comorbidities incur worse out-
comes and higher resource use.'®3%-4! Our findings
show that noncardiac CCCs have a prominent effect
on mortality of hospitalized children with CHD and
raise the possibility that one method by which to im-
prove outcomes may be to provide greater attention
to the care of noncardiac comorbidities.

It is notable that these data showed that govern-
ment insurance was independently associated with
death. Other studies have also demonstrated that the
presence of Medicaid is associated with worse out-
comes for patients with CHD* and other forms of
chronic disease including cystic fibrosis.*® This may be
in part because pediatric patients with more significant
disease use Medicaid as a secondary form of insur-
ance, and it is difficult to entirely control for illness se-
verity. However, this finding also raises the possibility
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Figure 3. Changes in Charge and Mortality Over Time.
Median inflation-adjusted charges increased over the course of
the study; there was a concurrent decrease in mortality. CHD
indicates congenital heart disease.

that lower socioeconomic status, which is associated
with the increased use of government insurance, has
an important negative effect on survival, thus high-
lighting a group of patients deserving of increased at-
tention. Patients who live in a rural environment also
had an increased risk of death, which we hypothesize
may be owing to reduced proximity to tertiary care
hospitals. Higher mortality was also seen in patients
cared for at metropolitan teaching hospitals, a result
that may be owing to a combination of underappreci-
ated disease complexity or a reflection of the number
of unwell children who get transferred to these hospi-
tals in times of extremis or in anticipation of a high-risk
procedure. Although this study was not designed to
evaluate regional differences, it is important to mention
that the risk of death did differ by region, a finding that
deserves further investigation in future studies.

Heart failure, an independent risk factor for death,
was seen in 1 in 20 admissions, and we suspect that
this may underestimate the size of this population as
heart failure related symptoms may have been coded
as either acute respiratory or gastrointestinal disease.
Prior studies have shown that patients with CHD and
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heart failure are a growing population who carry sig-
nificantly increased risk of mortality and resource
use.**4% Arrhythmia was also relatively prevalent in our
cohort and another independent risk factor for death.
These findings reinforce prior studies that have shown
that over time there has been a shift in mortality in chil-
dren with CHD from postoperative complications and
cardiac arrests to subacute comorbidities like heart
failure and rhythm disturbances*® and illustrate high-
risk subgroups that deserve increased attention.

LIMITATIONS

The present study has several limitations associ-
ated with the design of retrospective studies. It is
a retrospective analysis and the findings may differ
from a prospectively enrolled cohort. Identification
of patients was made by /ICD-9/70 codes, thus ex-
cluding, and including, patients who were either mis-
diagnosed or miscoded. We think that it more likely
that patients with CHD would be misclassified as not
having CHD, thus biasing our results to the null. The
de-identification of data limits our ability to assess
patients longitudinally or assess for repeat hospital
admissions. As such, a small number of patients
could be accounting for a disproportionate number
of encounters. Although HCUP performs several
analyses to ensure internal consistency and data
validity, some of the cases may have misclassified
information. Furthermore, this analysis is limited to
those hospitals included in the KID database, which
necessarily excludes those patients admitted to other
hospitals, and does not contain data on admissions
for observation that lasted less than 24 hours. In a
sample of this size statistically significant differences
may be detected that do not have clinical pertinence,
and as such we have focused on those differences
that have relevance, either clinically or economically.
Finally, we have evaluated charges, which serves as
a proxy for resource use over time but does not give
us information on actual cost.

CONCLUSIONS

In conclusion, children with CHD admitted to the
hospital are placing an increasingly large demand on
the healthcare system and are becoming an increas-
ing proportion of all pediatric admissions and deaths.
Increased resource use has coincided with an improve-
ment in mortality, suggesting that increased resource
devotion to admitted patients with CHD are having a
positive impact on outcomes. Given that this high-risk
cohort is a growing proportion of the inpatient popula-
tion, strategies designed to identify and care for those
patients at the highest risk of death are urgently needed.
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Table 4. Factors Associated With Mortality Among Children With Congenital Heart Disease in the United States

Mortality During Admission

Died During Admission, % Unadjusted OR Adjusted Marginal

Predictor Variables N=25 061 (95% Cl) Adjusted OR (95% ClI) Probability of Mortality %
Age,y
<1 3.38 (3.33,3.43) Ref Ref 3.46 (3.41, 3.52)
1-4 1.18 (1.09, 1.27) 0.342 (0.316, 0.370) 0.236 (0.217, 0.257) 0.95 (0.88, 1.02)
5-9 0.91(0.78, 1.04) 0.262 (0.277, 0.304) 0.200 (0.171, 0.233) 0.81(0.70, 0.93)
10-14 0.99 (0.82, 1.15) 0.284 (0.240, 0.337) 0.227 (0.190, 0.270) 0.92 (0.77,1.07)
15-17 1.22 (1.00, 1.44) 0.354 (0.295, 0.425) 0.275 (0.226, 0.334) 1.09 (0.90, 1.29)
Sex
Male 3.05 (2.99, 3.11) Ref Ref 2.91(2.86,2.97)
Female 2.87 (2.80, 2.94) 0.941 (0.912, 0.970) 1.013 (0.979, 1.048) 2.94 (2.88, 3.01)

Primary payer

Government 3.18 (3.12, 3.25) Ref Ref 2.95 (2.89, 3.01)

Private 2.62 (2.56, 2.69) 0.819 (0.793, 0.847) 0.943 (0.909, 0.978) 2.80(2.73, 2.87)

Other 3.95 (3.64, 4.25) 1.250 (1.149, 1.360) 2.071 (1.887, 2.274) 5.41 (5.02, 5.81)
Time of visit

Weekday 2.88(2.83,2.92) Ref Ref 2.90 (2.85, 2.95)

Weekend 3.39 (3.28, 3.50) 1184 (1.140, 1.230) 1.066 (1.022, 1.021) 3.06 (2.96, 3.16)

Region of hospital

Northeast 2.59 (2.49, 2.70) Ref Ref 2.79 (2.69, 2.90)

Midwest 3.21 (3.11, 3.31) 1.245 (1.181, 1.313) 1.046 (0.986, 1.109) 2.90 (2.81, 3.00)

South 2.96 (2.89, 3.03) 1146 (1.092, 1.203) 1.089 (1.032, 1.148) 3.01 (2.94, 3.08)

West 3.02 (2.93, 3.11) 1169 (1.110, 1.231) 1.052 (0.994, 1.115) 2.92 (2.83, 3.01)
Teaching status of hospital

Metropolitan nonteaching 1.51 (1.44,1.58) Ref Ref 2.25 (215, 2.35)

Metropolitan teaching 3.37 (3.31, 3.42) 2.273 (2.163, 2.388) 1.426 (1.352, 1.504) 3.07 (3.02, 3.11)

Nonmetropolitan 111 (0.92, 1.30) 0.732 (0.613, 0.875) 0.921 (0.7683, 1.113) 2.09 (1.75, 2.43)
Location of patient

Rural 3.25(3.12, 3.38) Ref Ref 3.08 (2.95, 3.20)

Urban 2.92 (2.87,2.97) 0.895 (0.856, 0.935) 0.936 (0.888, 0.987) 2.91 (2.86, 2.95)

Congenital heart disease group

Single ventricle disease

7.01 (6.72, 7.31)

2.840 (2.700, 2.987)

3.669 (3.438, 3.915)

716 (6.82, 7.49)

Other complex CHD 3.02 (2.94, 3.09) 1.170 (1132, 1.210) 1.465 (1.413, 1.520) 3.36 (3.28, 3.44)

Simple CHD 2.59 (2.53, 2.64) Ref Ref 2.40 (2.36, 2.45)
Heart failure

No 2.82(2.78, 2.87) Ref Ref 2.90 (2.85, 2.94)

Yes 5.73 (5.45, 6.00) 2.094 (1.986, 2.209) 1180 (1.04, 1.261) 3.34 (3.16, 3.52)
Cyanosis

No 2.98(2.93, 3.02) Ref Ref 2.94(2.90, 2.99)

Yes 1.99 (1.59, 2.38) 0.663 (0.540, 0.813) 0.531 (0.424, 0.665) 1.69 (1.35, 2.03)
Arrhythmia

No 2.74 (2.69, 2.78) Ref Ref 2.76 (2.72, 2.80)

Yes 8.60 (8.22, 8.98) 3.342 (3.176, 3.516) 2.616 (2.449, 2.795) 6.19 (5.88, 6.51)

Pulmonary hypertension

J Am Heart Assoc. 2021;10:e018286. DOI: 10.1161/JAHA.120.018286

No 2.89 (2.85, 2.94) Ref Ref 2.90 (2.86, 2.94)
Yes 6.18 (5.76, 6.60) 2.213 (2.055, 2.383) 1.404 (1.287, 1.531) 3.87 (3.59, 4.14)
(Continued)




Edelson et al

Trends in CHD Admissions

Table 4. Continued

Acute respiratory disease

No

2.49 (2.45, 2.53)

Ref

Ref

2.72 (2.68, 2.77)

Yes

8.27 (8.02, 8.52)

3.528 (3.399, 3.662)

1.628 (1.556, 1.702)

414 (4.00, 4.28)

Acute gastrointestinal disease

No

3.02 (2.97, 3.06)

Ref

Ref

3.01 (2.97, 3.06)

Yes

1.37 (1.20, 1.55)

0.447 (0.393, 0.508)

0.296 (0.258, 0.340)

1.02 (0.89, 1.15)

Acute neurologic disease

No 2.82 (2.78, 2.87) Ref Ref 2.87 (2.83,2.92)

Yes 8.28 (7.84, 8.73) 3.108 (2.925, 3.301) 1.542 (1.431, 1.661) 415 (3.90, 4.40)
Sepsis

No 2.07 (2.03, 2.11) Ref Ref 2.28 (2.24, 2.32)

Yes 8.66 (8.46, 8.85) 4.490 (4.349, 4.635) 2.701 (2.602, 2.804) 5.41 (5.28, 5.55)

Acute kidney injury

No

2.53 (2.49, 2.58)

Ref

Ref

2.61 (2.57, 2.65)

Yes

28.53(27.63, 29.44)

15.365
(14.651,16.114)

5171 (4.868, 5.493)

10.35 (9.89, 10.80)

Number of complex chronic condition

0 0.79(0.75, 0.82) Ref Ref 0.91 (0.88, 0.95)
1 5.26 (5.14, 5.37) 7.008 (6.696, 7.333) 5.693 (5.426, 5.974) 4.61 (4.50, 4.71)
22 8.24 (8.05, 8.43) 11.340 (10.830, 8.402 (7.973, 8.855) 6.49 (6.31, 6.66)
11.875)
CHD indicates congenital heart disease; OR, odds ratio; and Ref, Reference.
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Table S1. Trend of CHD Related Admission (Restricted to ages 0-17 years).

All Pediatric Pediatric Admissions with CHD
Year Admissions All CHD related CHD Group
Admissions
Single ventricle disease Other complex CHD Simple CHD
Weighted % Weighted % Weighted % Weighted % Weighted %
Number Change* | Number (%)f | Change* | Number (%)f1 | Change* | Number (%){2 | Change* | Number (%)13 | Change*

2003 6,468,925 0.00 141,604 (0.46) 0.00 7,508 (0.89) 0.00 58,261 (6.90) 0.00 75,836 (8.98) 0.00
2006 6,578,068 1.68 165,564 (0.53) 16.92 8,450 (1.00) 12.55 65,160 (7.72) 11.84 | 91,954 (10.89) | 21.23
2009 6,393,989 -1.16 181,600 (0.58) 28.24 8,618 (1.02) 14.78 65,778 (7.79) 12.90 107,204 (12.69) 41.36
2012 5,850,184 -9.56 169,209 (0.55) 19.49 8,462 (1.00) 12.71 49,956 (5.91) -14.25 110,791 (13.12) 46.09
2016 5,604,984 -13.36 186,600 (0.60) 31.78 10,468 (1.24) 39.42 62,261 (7.36) 6.87 | 113,871(13.47) | 50.15

*Percentage change based on 2003 as reference year. +Trend tests for the proportion of admissions among children with CHD over time (p <0.0001).

+1Trend tests for the proportion of admissions among children with single ventricle disease over time (p<0.0001). ¥2Trend tests for the proportion of

admissions among children with other complex CHD over time (p < 0.0001). +3Trend tests for the proportion of admissions among children with

simple CHD over time (p <0.0001).




Table S2. Mortality in IP for All CHD related Admissions and by CHD group (Restricted to ages 0-17 years).

All Pediatric Pediatric Mortalities with CHD
Year Mortalities All CHD related CHD Group
Mortalities
Single ventricle disease Other complex CHD Simple CHD
Weighted % Weighted % Weighted % Weighted % Weighted %
Number Change* | Number (%)f | Change* | Number (%)f1 | Change* | Number (%){2 | Change* | Number (%)13 | Change*

2003 25,418 0.00 4,573 (17.99) 0.00 644 (14.09) 0.00 1,897(41.47) 0.00 2,032 (44.43) 0.00
2006 25,682 1.04 4,807 (18.72) 5.12 652 (13.57) 1.24 1,852 (38.52) -2.37 2.303 (47.91) 13.34
2009 24,079 -5.27 5,761 (23.93) 25.98 589 (10.23) -8.54 1,917 (33.28) 1.05 3,254 (56.49) 60.14
2012 20,842 -18.00 4,824 (23.14) 5.49 533 (11.05) -17.24 1,650 (34.20) -13.02 2,641 (54.75) 29.97
2016 20,822 -18.08 5,096 (24.47) 11.44 632 (12.40) -1.86 1,769 (34.71) -6.75 2,695 (52.89) 32.63

*Percentage change based on 2003 as reference year. +Trend tests for the proportion of admissions among children with CHD over time (p <0.0001).

+1Trend tests for the proportion of admissions among children with single ventricle disease over time (p<0.0001). ¥2Trend tests for the proportion of

admissions among children with other complex CHD over time (p < 0.0001). +3Trend tests for the proportion of admissions among children with

simple CHD over time (p <0.0001).




Table S3. Trend Tests across years (Restricted to ages 0-17 years).

Year

2003 2006 2009 2012 2016 Test Statistic | DF | P-value
All Admissions, N 6468925 6578068 6393989 5850184 5604984 117663.7 4 <.0001
All Deaths 25418 25682 24079 20842 20822 9.9 4 <.0001
All CHD Admissions, % 2.2 25 2.8 2.9 3.3 -126.7 4 <.0001
Single Ventricle Admissions, % 0.9 1.0 1.0 1.0 1.2 -3.9 4 <.0001
CHD Admissions Death, % 18.0 18.7 23.9 23.1 24.5 7.9 4 <.0001
CHD Mortalities by year, % 3.2 2.9 3.2 2.9 2.7 7.9 4 <.0001

35,577 41,043 51,332 55,146

Median Inflated Adjusted Charges (9,303 - (10,424 — (11,914 - (12,961 - 61,696 (15,212
for CHD Admissions,(IQR) 110,439) 132,087) 170,856) 190,534) —210,237)) 2850.84 4 <.0001




Figure S1. ICD-9/10 Coding Designations.



ICD-9 ICD-10

codes codes
Category
745.0 7450 Common truncus Q200 2 1= Single Ventricle Disease
complete transposition of great Q20.3
7451 vessels 2 2= Other Complex CHD
complete transposition of great Q20.3
745.10 74510 vessels 2 3=Simple CHD (ASD, VSD, PDA)
745.11 74511 DORV Q20.1 2
745.12 74512 I-TGA Q20.5 2
745.19 74519 Other transposition Q20.3 2
7452 7452 ToF Q21.3 2
745.3 7453 Common ventricle Q20.4 1
745.4 7454 VSD Q21.0 3
7455 7455 Ostium secundum ASD Q21.1 3
Endocardial cushion defect, Q21.2
7456 unspecified type 3
Endocardial cushion defect, Q21.2
745.60 74560 unspecified type 3
745.61 74561 Ostium primum ASD Q21.2 3
745.69 74569 other endocardial cushion defect Q21.2 3
745.70 7457 cor biloculare Q20.8 2
other bulbus cordis anomaly of Q20.8
745.80 7458 septal defect Q21.8 3
unspecified defect of septal Q21.9
74590 7459 closure 3
pulmonary valve anomaly, Q22.3
746.00 74600 unspecified 2
746.01 74601 Pulmonary atresia Q22.0 2
746.02 74602 congenital pulmonary stenosis Q22.1 2
other anomalies of pulmonary Q22.2
746.09 74609 valve 2
tricuspid atresia and stenosis, Q22.4
746.1 7461 congenital Q22.9 1
746.2 7462 ebstein's anomaly Q225 2
congenital stenosis of aortic Q23.0
746.3 7463 valve 2
congenital insufficiency of aortic Q23.1
746.4 7464 valve 2
746.5 7465 congenital mitral stenosis Q23.2 2
746.6 7466 congenital mitral insufficiency Q23.3 2
746.70 7467 Hypoplastic left heart syndrome Q23.4 1
746.81 74681 subaortic stenosis Q244 2
746.82 74682 Cor triatriatum Q24.2 2
Infundibular pulmonic stenosis Q24.3
746.83 74683 congenital 2
Obstructive anomalies of heart Q24.8
746.84 74684 not elsewhere classified 2
Coronary artery anomaly Q24.5

746.85 74685 congenital 2
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