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Clinical Investigations

Trends in the Burden of Adult Congenital
Heart Disease in US Emergency Departments
Shikhar Agarwal, MD, MPH; Karan Sud, MD; Sahil Khera, MD; Dhaval Kolte, MD, PhD;
Gregg C. Fonarow, MD; Julio A. Panza, MD; Venu Menon, MD
Department of Cardiovascular Medicine (Agarwal, Sud, Menon), Cleveland Clinic, Cleveland Ohio;
Department of Cardiovascular Medicine (Khera, Panza), New York Medical College, Valhalla, New
York; Department of Cardiovascular Medicine (Kolte), Brown University, Providence, Rhode
Island; Department of Cardiovascular Medicine (Fonarow), University of California, Los Angeles,
California

Background: We assessed trends in incidence, in-hospital mortality, and admission among patients with adult
congenital heart disease (ACHD) presenting to the emergency department (ED) from 2006 to 2012.
Hypothesis: There is a considerable burden of ACHD in the US EDs.
Methods: We used the 2006–2012 US Nationwide Emergency Department Sample. All ED visits with ACHD
were identified using standard International Classification of Diseases, Ninth Edition, Clinical Modification
codes.
Results: The number of patients presenting to the ED with simple (40.6%) as well as complex (37.6%) ACHD
across 2006–2012 increased significantly. Also, there was a considerable increase in prevalence of traditional
cardiovascular risk factors among ACHD patients, including hypertension, diabetes, smoking, obesity, and
chronic kidney disease. Besides miscellaneous noncardiovascular conditions, nonspecific chest pain (15.9%)
and respiratory disorders (15.0%) were the most common reasons for ED visits among patients with simple and
complex ACHD, respectively. Although there was a trend toward decrease in admissions across 2006–2012
(Ptrend < 0.001), the proportion of patients with ACHD presenting to ED requiring admission remained
substantial (63.4%). Finally, there was significant variation in admission trends across different geographic
locations, hospital types, insurance status, and ED volume among ACHD patients presenting to the ED.
Conclusions: There has been a progressive increase in number of ED visits among ACHD patients across
2006–2012 in the United States. Moreover, the cardiovascular risk-factor profile of ACHD patients has
changed, adding to complexity in management. Current health care delivery to ACHD patients also shows
significant geographical, hospital-based, and insurance status–based disparities.

Introduction
Emergency care in the United States is under considerable
stress, with increasing patient visits and decreasing
number of emergency departments (ED).1–4 Data from
other cardiovascular subspecialties have indicated that
EDs are increasingly being relied upon for evaluation
and management of complex cardiac patients.5 With an
increase in hospitalization rates of patients with simple as
well as complex adult congenital heart disease (ACHD)
reported previously, one can surmise that there has been a
corresponding increase in the burden of these patients in
EDs across the nation.6,7 Although care for this population
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is ideally provided at centers of excellence, fragmentation
of care remains an issue, and patients with ACHD often
present to small hospitals without considerable expertise in
ACHD care, especially in emergency settings. However, data
regarding the temporal changes in ED visits for patients with
ACHD are lacking. Therefore, in this study we evaluated the
trends in ED visits for ACHD from 2006 to 2012, stratified
into simple and complex disorders.

Methods
Data Source

Data were obtained from the Nationwide Emergency
Department Sample (NEDS) database from 2006 to 2012.
The NEDS database contains discharge data for ED visits
from hospitals located in 30 states, approximating a 20%
stratified sample of US hospital-based EDs. All data available
from the Health Care Utilization Project (HCUP) have
been de-identified; hence, the analysis is exempt from
federal regulations for the protection of human research
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participants. The dataset was obtained from the Agency for
Healthcare Research and Quality (AHRQ) after completing
the Data Use Agreement with HCUP.

Study Population

The NEDS database provides up to 15 diagnoses and
15 procedures for each ED visit. All these have been
coded using the standard International Classification of
Diseases, Ninth Edition, Clinical Modification (ICD-9-CM)
codes. In addition, we used the HCUP Clinical Classification
Software (CCS) to identify patient comorbidities and specific
procedures.8,9 All adult hospitalizations with a diagnosis
code corresponding to known ACHD were included in our
study. In administrative databases such as NEDS, it is not
possible to distinguish between atrial septal defects (ASD)
and patent foramen ovale, as both of these diagnoses are
captured by a single ICD-9 code (745.5). To understand
the true burden of ‘‘real’’ ACHD upon the US ED, we
excluded these patients from our study, unless there
was another coexisting ACHD condition or pulmonary
hypertension (PH). (See Supporting Information, Table 1,
in the online version of this article for a list of simple,
complex, and unclassified ACHD according to the Bethesda
classification, along with ICD-9 codes.10) The first diagnosis
in the database is referred to as the principal diagnosis
and is considered the primary reason for the ED visit. In
cases where the principal diagnosis designated ACHD, the
second diagnosis was utilized to determine the primary
reason for the ED visit. (For the ICD-9-CM/CCS codes for
principal diagnoses performed during the hospitalization,
see Supporting Information, Table 2, in the online version
of this article.)

Study Outcomes

The primary aim of this study was to evaluate the trend in ED
visits among patients with known ACHD across 2006–2012,
stratified by simple, complex, and unclassified ACHD. We
also assessed the trends in in-hospital mortality among the
study population across 2006–2012. We further evaluated
changes in the distribution of demographic and clinical
characteristics among these patients. In addition, resource
utilization was evaluated using admission and length of stay
following the ED visit among patients requiring admission.
Furthermore, we evaluated the independent predictors of
admission in the study population.

Statistical Analysis

Survey statistics traditionally used to analyze complex semi-
random survey designs were employed to analyze these
data. Because the data from NEDS represent a collection
of scattered hospital clusters, analysis was structured to
account for a complex, multistage, probability sampling.
The NEDS recommends the use of ‘‘strata’’ for constructing
analysis clusters, which includes geographic census region,
trauma center level, teaching status, urban/rural location,
and hospital ownership. Moreover, the analysis is further
stratified into individual hospitals, which serve as primary
sampling units for the analysis. In the NEDS database, each
ED visit is linked to a ‘‘discharge weight’’ that can be utilized

to calculate projected national estimates for all hospital-
related outcomes, after accounting for the hierarchical
structure of the dataset. Multivariable hierarchical logistic
regression analysis with exchangeable working matrix was
utilized to determine independent predictors of admission.
The analysis of all outcomes has been presented after
adjusting for age, sex, insurance status, hypertension
(HTN), diabetes mellitus (DM), obesity, peripheral vascular
disease, smoking, chronic pulmonary disease, chronic
kidney disease (CKD), reason for the ED visit, and year of
presentation, along with hospital characteristics including
geographic location, teaching status, and metropolitan
location.

Results
Trends in Adult Congenital Heart Disease–Related
Emergency Department Visits

We included a total of 72 090 ED visits with ACHD
across 2006 2012, of which 23 359 (32.4%) involved subjects
with simple lesions, 30 653 (42.5%) involved subjects
with complex lesions, and the remaining 18 078 (25.1%)
were unclassified lesions. Because the included sample
represented a 20% weighted sample of the entire US
population, the study cohort projected to an estimated
324 040 ED visits nationally across the 7-year period.

Figure 1A demonstrates the trend in annual number
of ED visits among adults with ACHD across the United
States from 2006 to 2012. There has been a considerable
increase in ED visits (± SE) among patients with ACHD,
from 36 513 ± 1349 in 2006 to 52 765 ± 1843 in 2012,
corresponding to a 44.5% increase in the ED visit numbers
during the 7-year period. When expressed as a proportion
of all ED visits, there was still a significant trend toward
increase in ACHD-related ED visits in the United States
during 2006 2012. Figure 1B demonstrates the annual ED
visits after stratifying by ACHD category. The number of
ED visits for patients with simple ACHD increased from
12 712 ± 560 during 2006 to 17 872 ± 810, corresponding to
a 40.6% increase in the number of ED visits across 2006 2012.
Similarly, there was a 37.6% increase in the ED visit rates for
complex ACHD and a 62.8% increase in the ED visit rates
for unclassified ACHD.

The trend of annual numbers of ED visits for specific
simple and complex defects is shown in Supporting
Information, tables 3 and 4, respectively, in the online
version of this article. There was an increase in the
number of all simple disorders, including ventricular septal
defects (VSD; +10.6%), congenital aortic valve abnormalities
(+57.2%), congenital mitral valve abnormalities (+36.5%),
and coronary anomalies (+60.1%). Among the complex
disorders, secundum ASD with PH, VSD with PH, aortic
anomalies, and Tetralogy of Fallot were the most common
diseases encountered. The aortic anomalies increased from
3714 ± 315 in 2006 to 5007 ± 301 in 2012 (a 34.8% increase).
The number of ED visits with secundum ASD with PH
also increased, from 2416 ± 161 in 2006 to 8700 ± 390 in
2012 (a 115.8% increase). The prevalence of coexisting PH
with various ACHD increased from 4802 ± 291 in 2006 to
8526 ± 464 in 2012, corresponding to a 77.6% increase during
the 7-year period.
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(A)

(B)

Figure 1. Projected annual national estimates of ED visits among patients
with ACHD. (A) Overall national estimates with 95% CIs. The black line
demonstrates the estimated number of annual ED visits and corresponds
to the left sided Y-axis. The dotted lines around the effect estimates
constituting the black line represent the 95% CI of the respective effect
estimate. The colored bars represent the number of ED visits among
ACHD patients, expressed per 100 000 ED visits and correspond to the
right-sided Y-axis. The lines on top of the bars denote the standard error
of the respective effect estimate. (B) National estimates stratified into
simple, complex, and unclassified defects. The lines on top of the bars
denote the standard error of the respective effect estimate. For each year,
the bar on the left (dark gray) represents simple ACHD, the bar in the
middle (blue) represents complex ACHD, and the bar on the right (light
gray) represents unclassified ACHD. Abbreviations: ACHD, adult
congenital heart disease; CI, confidence interval; ED, emergency
department.

Baseline Characteristics

The Table 1 demonstrates the baseline characteristics of
the study population from 2006 to 2012. There was no
significant difference in age distribution (P trend = 0.25), sex
distribution (P trend = 0.10), or the proportion of uninsured
patients (P trend = 0.76) across the study duration. Although
Southern states contributed the largest proportion of
patients to the study pool, there were no statistically
significant differences in regional distribution noted across
2006–2012 (P trend = 0.29). On the contrary, there was a
significant increase in the proportion of ACHD patients
with HTN, DM, CKD, obesity, and smoking (P trend < 0.001
for each comparison) from 2006 to 2012. (The baseline

characteristics stratified into simple and complex ACHD,
respectively, are shown in Supporting Information, tables
5 and 6, in the online version of this article.) Among
patients age <65 years, there was a significant decrease
in the proportion of patients with private insurance, with
a corresponding increase in proportion of patients with
Medicaid as their primary insurance (see Supporting
Information, Table 7, in the online version of this article).

Figure 2 demonstrates the primary reason for ED visits,
stratified into simple and complex ACHD. Besides the
miscellaneous causes for ED visits, nonspecific chest
pain and arrhythmias were the most common primary
reasons for ED visit among simple-ACHD patients. Among
complex-ACHD patients, miscellaneous causes, respiratory
disorders, and arrhythmias were most common reasons for
primary presentation to the ED. As noted in Figure 2,
there was a considerable difference in reasons for ED
visits among patients with simple and complex ACHD.
Respiratory disorders contributed to 8.6% of all ED visits
in simple-ACHD patients, compared with 15.0% of all
ED visits among complex-ACHD patients (P < 0.001).
Congestive heart failure and cardiomyopathy contributed
to 9.9% of ED visits in patients with complex ACHD,
which was significantly higher than the 4.2% among simple-
ACHD patients (P < 0.001). Acute myocardial infarction
contributed to 6.5% and 2.2% of ED visits among patients
with simple and complex ACHD, respectively (P < 0.001).

In-hospital Mortality, Admissions, and Length of Stay

Figure 3 shows the incidence of in-hospital mortality and
admission in patients with simple and complex ACHD
following ED visits across the study duration. We observed
significantly higher in-hospital mortality among complex-
ACHD patients as compared with simple-ACHD patients
(2.8% vs 1.7%; P < 0.001). In addition, there was a trend
toward a reduction in in-hospital mortality among both
simple (1.9% in 2006 to 1.5% in 2012; P trend < 0.02) as well as
complex ACHD (3.3% in 2006 to 2.8% in 2012; P trend = 0.04).

We noted that a large proportion of patients with
underlying ACHD presenting to the ED were consequently
admitted to the hospital (63.4% for overall cohort). The
proportion of patients admitted to the hospital following
ED visits was significantly higher among simple-ACHD
patients as compared with complex-ACHD patients (70.1%
vs 66.9%; P < 0.001). On the other hand, the proportion
of patients transferred from an ED to a different hospital
was significantly higher for complex ACHD (2.1%) as
compared with simple ACHD (0.9%; P < 0.001). As seen
in Figure 3B, there has been a consistent decline in the
rate of admission among patients with both simple and
complex ACHD across 2006–2012 (P trend < 0.001 for both
comparisons). Independent predictors of admission after an
ED visit among patients with simple and complex ACHD,
respectively, are shown in Supporting Information, tables
8 and 9, in the online version of this article. We noted
lower rates of admission among younger patients and
female patients among both simple and complex ACHD-
related ED visits. We also observed significantly higher
rates of admission in the Northeast as compared with other
geographic regions. Metropolitan teaching hospitals had
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(A)

(B)

Figure 2. This figure demonstrates the primary reasons for presentation
to the ED among patients with (A) simple ACHD and (B) complex ACHD.
Abbreviations: ACHD, adult congenital heart disease; CAD, coronary
artery disease; CHF, congestive heart failure; CVA, cerebrovascular
accident; ED, emergency department; MI, myocardial infarction; VTE,
venous thromboembolism.

significantly higher rates of admission compared with other
hospital types for complex ACHD. In terms of reasons
for presentation to the ED, endocarditis, acute myocardial
infarction, venous thromboembolism, and cerebrovascular
accidents were highly significant predictors of admission for
patients with both simple and complex ACHD. In addition,
uninsured patients were observed to have significantly
lower rates of admission compared with insured patients
among both simple and complex ACHD cohorts. Figure 4
demonstrates the trend in admission across the study
duration stratified by hospital type, hospital location, and
insurance status. Furthermore, there was no significant
difference in median length of stay among simple-ACHD
and complex-ACHD patients across the study duration (see
Supporting Information, Figure, in the online version of this
article).

The impact of the size of the ED (estimated using total
number of annual ED visits) upon the proportion of ACHD
visits and the proportion of patients admitted to the hospital
subsequently is shown in Supporting Information, Table
10, in the online version of this article. When divided
into quartiles based on annual ED volume, there was no
significant trend toward changing proportion of ACHD

(A)

(B)

Figure 3. In-hospital mortality and admission. (A) Annual in-hospital
mortality among patients admitted with simple and complex ACHD. (B)
Annual admissions among patients admitted with simple and complex
ACHD. In this figure, the black line with circles indicates trends in simple
ACHD and the red line with squares indicates trends in complex ACHD.
The dotted lines around the effect estimates indicate the 95% CI of the
respective effect estimate. Abbreviations: ACHD, adult congenital heart
disease; CI, confidence interval.

patients across the quartiles (P trend = 0.83). However,
there was a statistically significant trend toward a higher
proportion of patients getting admitted from larger EDs.
Mean admission rates across ED volume quartiles 1–4 were
46.7%, 60.3%, 65.2%, and 67.5%, respectively (P trend < 0.001).

Discussion
Our study has evaluated the burden of underlying ACHD
in patients presenting to the ED in the United States
from 2006 to 2012. We have several important findings.
First, there has been a significant increase in the number
of adults with simple and complex ACHD presenting
to the ED during 2006 2012. Notably, there has been
a considerable increase in the number of patients with
PH. Second, there was an increase in the prevalence of
cardiovascular risk factors, including HTN, DM, smoking,
obesity, and CKD, over the study duration. Third, besides
miscellaneous noncardiovascular conditions, nonspecific
chest pain and respiratory disorders were the top reasons
for ED visits among adults with simple and complex ACHD,
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Table 1. Baseline Characteristics of the Study Population Stratified by Year of Presentation

2006 2007 2008 2009 2010 2011 2012 % Changea

All patients 36 513 39 515 43 094 47 176 50 572 54 407 52 765 41.0

Type of ACHD

Simple lesion 12 712 (34.8) 12 621 (31.9) 13 346 (31.0) 14 857 (31.5) 15 457 (30.6) 18 052 (33.2) 17 872 (33.9) 41.8

Complex lesion 15 287 (41.9) 16 404 (41.5) 18 650 (43.3) 20 689 (43.9) 22 098 (43.7) 23 214 (42.7) 21 033 (39.9) 39.6

Unclassified lesion 8513 (23.3) 10 489 (26.5) 11 098 (25.8) 11 630 (24.7) 13 018 (25.7) 13 141 (24.2) 13 860 (26.3) 42.1

Mean age, y (SE) 50.4 (0.5) 51.2 (0.7) 51.2 (0.5) 51.1 (0.4) 51.4 (0.5) 51.8 (0.5) 51.1 (0.4) 1.3

Sex

F 19 077 (52.3) 20 636 (52.2) 22 380 (51.9) 24 191 (51.3) 26 475 (52.4) 28 193 (51.8) 26 612 (50.4) 38.0

M 17 429 (47.7) 18 869 (47.8) 20 706 (48.1) 22 974 (48.7) 24 093 (47.6) 26 187 (48.2) 26 153 (49.6) 44.2

Primary payor

Medicare 13 751 (37.8) 14 841 (37.7) 16 664 (38.7) 18 078 (38.4) 19 486 (38.6) 21 468 (39.5) 20 194 (38.3) 45.7

Medicaid 5191 (14.3) 6178 (15.7) 6882 (16.0) 7991 (17.0) 8430 (16.7) 9218 (17.0) 9142 (17.3) 61.5

Private Insurance 12 819 (35.2) 13 144 (33.4) 14 449 (33.6) 14 825 (31.5) 16 104 (31.9) 17 084 (31.5) 16 284 (30.9) 28.5

Uninsured 3121 (8.6) 3982 (10.1) 3674 (8.5) 4305 (9.2) 4727 (9.4) 4740 (8.7) 5002 (9.5) 37.2

Other 1540 (4.2) 1246 (3.2) 1363 (3.2) 1847 (3.9) 1713 (3.4) 1810 (3.3) 2081 (3.9) 39.7

Hospital region

Northeast 7307 (20.0) 7932 (20.1) 7344 (17.0) 8406 (17.8) 8644 (17.1) 9242 (17.0) 8955 (17.0) 19.4

Midwest 9905 (27.1) 11 298 (28.6) 11 262 (26.1) 11 710 (24.8) 13 484 (26.7) 13 580 (25.0) 13 651 (25.9) 28.4

South 12 214 (33.5) 13 857 (35.1) 16 272 (37.8) 18 097 (38.4) 18 725 (37.0) 21 346 (39.2) 19 257 (36.5) 55.7

West 7087 (19.4) 6428 (16.3) 8216 (19.1) 8963 (19.0) 9719 (19.2) 10 238 (18.8) 10 902 (20.7) 56.4

Teaching status/location of hospital

Metropolitan nonteaching 13 841 (37.9) 17 067 (43.2) 17 499 (40.6) 18 233 (38.6) 19 154 (37.9) 20 824 (38.3) 18 089 (34.3) 25.9

Metropolitan teaching 18 112 (49.6) 17 396 (44.0) 19 848 (46.1) 22 445 (47.6) 25 965 (51.3) 27 154 (49.9) 28 180 (53.4) 55.8

Nonmetropolitan 4559 (12.5) 5051 (12.8) 5747 (13.3) 6487 (13.8) 5455 (10.8) 6428 (11.8) 6497 (12.3) 34.5

Socioeconomic status by median residential HHI

Q1 8761 (24.4) 10 533 (27.3) 10 974 (26.2) 12 256 (26.8) 12 838 (26.0) 13 961 (26.2) 14 406 (27.8) 47.0

Q2 8601 (24.0) 9849 (25.6) 12 149 (29.0) 12 883 (28.1) 13 706 (27.7) 13 075 (24.5) 12 937 (24.9) 41.0

Q3 9709 (27.1) 10 208 (26.5) 9755 (23.3) 11 525 (25.2) 11 768 (23.8) 14 314 (26.9) 12 674 (24.4) 35.5

Q4 8790 (24.5) 7949 (20.6) 8944 (21.4) 9142 (20.0) 11 081 (22.4) 11 954 (22.4) 11 840 (22.8) 42.1

Clinical characteristics

Hypertension 12 672 (34.7) 14 713 (37.2) 16 788 (39.0) 19 170 (40.6) 20 580 (40.7) 22 695 (41.7) 22 223 (42.1) 64.0

Diabetes 4474 (12.3) 5547 (14.0) 6547 (15.2) 7054 (14.9) 7395 (14.6) 8442 (15.5) 7970 (15.1) 63.8

CKD 2517 (6.8) 2909 (7.4) 3288 (7.6) 3989 (8.5) 4324 (8.6) 4926 (9.1) 4779 (9.1) 78.9

Obesity 1984 (5.4) 2026 (5.1) 2845 (6.6) 3675 (7.8) 4131 (8.2) 4367 (8.0) 4231 (8.0) 114.4

Smoking 6054 (16.6) 6786 (17.2) 8090 (18.8) 8529 (18.1) 9604 (18.9) 10 647 (19.6) 11 175 (21.2) 70.0

PVD 1520 (4.2) 1910 (4.8) 2292 (5.3) 2617 (5.5) 3002 (5.9) 3412 (6.2) 3134 (5.9) 90.8

Abbreviations: ACHD, adult congenital heart disease; CKD, chronic kidney disease; DM, diabetes mellitus; F, female; HHI, household income; HTN,
hypertension; M, male; PVD, peripheral vascular disease; Q, quartile; SE, standard error.
Numbers in parentheses indicate % unless otherwise stated.
aIndicates % change in the specific characteristic during the study period. This was calculated by computing the difference between the average 2011–2012
and average 2006–2007, to minimize random variation.
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(A)

(B)

(C)

Figure 4. Trend in admission across the study duration stratified by (A)
hospital type, (B) hospital location, and (C) insurance status. The dotted
lines around the effect estimates indicate the 95% CI of the respective
effect estimate. Abbreviations: CI, confidence interval.

respectively. Fourth, although there was a trend toward
decrease in admissions across 2006–2012, the overall
proportion of patients with ACHD presenting to the ED
requiring admission remains substantial. Finally, there was
a significant variation in admission trends noted across
different geographic locations, hospital types, insurance
status, and overall ED volume among ACHD patients
presenting to the ED.

The overwhelming growth in the ACHD population
in the United States is multifactorial and attributable to

advancement in the surgical and medical approach to
children with congenital heart disease, which has led to
marked improvement in survival to adulthood and overall
life expectancy. In addition, management of a larger number
of patients in ACHD centers of excellence has possibly
led to improvement in outcomes and survival.11 As of
2015, there are 114 self-designated ACHD specialty centers
in the United States, with 799 median patient visits per
year.12 However, it is estimated that >500 000 patients
with complex ACHD require specialized care in the United
States, exposing a major gap in current health care delivery
to these patients.13,14 For the first time, the current study
has characterized the burden of ACHD patients in US EDs.
During 2006 2012, there was an increase in the absolute
number as well as the relative proportion of ACHD patients
presenting to the ED. Besides increasing numbers, there
appears to be an increase in the complexity of these
patients. We demonstrated a considerable increase in the
number of patients with PH during 2006 2012. Although
the reasons for this are not completely clear, it is possible
that advances in echocardiography and invasive diagnostics
in the ACHD arena have led to increasing diagnosis of
PH among these patients. In addition, there has been an
increase in the proportion of patients with cardiovascular-
related comorbidities, adding a layer of complexity in
the management of ACHD patients. Similar findings have
been reported in several other studies, making our results
consistent with current understanding.6,15

One of the important findings of our study was a large
proportion of patients with ACHD presenting to the ED
being admitted to the hospital for management. Although
there has been a trend toward reduction in this proportion
during recent years, the overall proportion of admission
still remains substantial. Besides the complexity of ACHD
patients and the presenting diagnosis, the large proportion
of admissions may be due to the tolerance of risk by the ED
physician. The tolerance of risk with respect to discharge
from the ED by a physician who may lack an ongoing
relationship with the patient or may be unfamiliar with the
complexity of the patient’s condition is likely to be low. This
emphasizes the need for ED physicians to have training
and exposure to patients with ACHD. The reduction in
the admission rates over 2006 2012, without change in in-
hospital mortality, is encouraging and likely reflects on the
improvement in familiarity of ED physicians with ACHD and
corresponding changes in the threshold of admission from
the ED. Further mitigating factors include better outpatient
treatment of the underlying ACHD condition, increased use
of secondary prevention strategies, availability of guidelines
for management of ACHD, and better control of risk factors,
as well as antecedent of growth of ACHD centers across the
nation.

Our study demonstrated a considerable heterogeneity
in the presentation and disposition of simple and complex
ACHD patients. We noted a significantly higher rate of
admission among patients with simple ACHD as compared
with complex ACHD. Although the reasons for this
difference are largely unclear, differences in the reasons for
presentation between the 2 cohorts might account for this
disparity. The higher rate of admission among simple-ACHD
patients reflects a considerable use of health care resources
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even among patients with so-called ‘‘simple’’ defects. On the
contrary, we noted a higher rate of transfer to other acute-
care hospitals from the primary ED for complex ACHD as
compared with simple ACHD.

One of the important findings of our study was regional
variability in the admission decisions across the United
States. We noted a significantly higher rate of admissions
in the Northeast compared with other regions. Similar
regional variability has been reported in presentation of
acute heart failure in US EDs.5 Ideally, these rates should
be viewed in context of readmission rates over the next
30 days, which were unavailable in the current version of
NEDS. It is probably more cost and resource effective to
manage a higher proportion of patients in the hospital,
rather than having them present to the ED multiple times
in a short time span. Disparities in admissions between
metropolitan and nonmetropolitan hospitals, as well as
teaching and nonteaching hospitals, can be attributed to
increased complexity of the case mix at larger tertiary-care
hospitals. Moreover, our study also demonstrated lower
rates of admission among uninsured patients, which has
considerable implications on implementation of equitable
national quality-of-care initiatives. This is potentially due to
a lower disease acuity as well as overwhelming concern
over a large amount of unfunded care for admission among
uninsured patients. It has been previously reported that
congenital heart disease patients without insurance are
likely to use the ED as their usual source of care, and
therefore may be less clinically ill than their insured
counterparts.16 This might be responsible for a higher rate of
discharge following treatment and a period of observation in
the ED, without need for admission among these patients.
Interestingly, our study also demonstrated differences in
admission rates based on overall ED volume. Despite lack
of association between the proportion of ACHD visits with
overall ED volume, we observed significantly higher rates of
admission following presentation to busier EDs. Although
differences in the presentation and complexity of patients
might partially account for these discrepancies between the
EDs, one could hypothesize that differences in risk tolerance
as well as lack of familiarity with medical conditions in a
relatively uncommon ACHD patient cohort in smaller EDs
might also be responsible for these differences.

Study Limitations

Our study has several limitations, of which many are
inherent to large administrative databases. First, there may
be errors in coding of diseases or procedures. Second,
because the unit of analysis in the NEDS database is
‘‘unique visit’’ rather than ‘‘unique patient,’’ it is possible that
1 patient might have been represented more than once, in
case of a repeat ED visit. In addition, because several ACHD
diagnoses might coexist in a single patient, we acknowledge
that the trends might be overestimated. However, patients
with ≥1 ACHD diagnosis represented a minority of patients
(<5%), and the direction of trends in our analysis is largely
accurate. Third, this is a retrospective observational study,
which may be subject to traditional biases of observational
studies, like selection bias. However, these limitations might
be partially compensated for by the large size of the NEDS

database and a uniform representation of all regions of the
United States. Fourth, a few diagnoses, such as secundum
ASD/patent foramen ovale, suffer from lack of diagnostic
specificity, which may limit distinction of resource utilization
in these discrete disease states. Therefore, we decided to
exclude this from our study, unless it was coexistent with
another ACHD diagnosis or with PH. Fifth, the HCUP
database is limited in coding of ‘‘observation’’ services.
Observation may be coded as inpatient admission or as
ED discharge, depending on whether the services were
rendered by the inpatient team or the ED team. Finally,
residual measured and unmeasured confounding may have
influenced some of these findings.

Conclusion
There has been a significant increase in the number of
ED visits among patients with both simple as well as
complex ACHD over 2006 2012. Besides miscellaneous
noncardiovascular conditions, nonspecific chest pain and
respiratory disorders were the top causes of ED visits
among adults with simple and complex ACHD, respectively.
Although there was a trend toward a decrease in admissions
across 2006 2012, the overall proportion of patients with
ACHD presenting to the ED requiring admission remains
substantial. Finally, there was a significant variation
in admission trends noted across different geographic
locations, hospital types, and insurance status, as well as
overall ED volume among ACHD patients presenting to
the ED. These findings emphasize the need for increased
awareness and enhanced resources to care for this growing
population of patients.
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