Congenital heart disease
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ABSTRACT
Objective Limited contemporary data exist regarding
outcomes and resource use among adults with
congenital heart disease and heart failure (ACHD-HF).
This study compared outcomes, emergency department
(ED) and hospital resource use, and advanced heart
failure (HF) therapies in ACHD-HF versus non-ACHD with
HF (HF-non-A
 CHD).
Methods The Nationwide Emergency Department
Sample and Nationwide Inpatient Sample were used to
analyse outcomes and resource use among ACHD-HF ED
visits and hospitalisations from 2006 to 2016. ACHD-HF
was stratified by single-ventricle (SV) and two-ventricle
(2V) disease.
Results A total of 76 557 ACHD-HF visits (3.6% SV
physiology) and 31 137 414 HF-non-ACHD visits were
analysed. ACHD-HFs were younger (SV 33 years (IQR
25–44), 2V 62 years (IQR 45–76); HF-non-ACHD 74
years (IQR 63–83); p<0.001). ACHD-HFs had higher ED
admissions (78% vs 70%, p<0.001), longer hospital
length of stay (5 days (IQR 2–8) vs 4 days (IQR 2–7),
p<0.001) and greater hospital costs ($49K (IQR
2K–121K) vs $32K (17K–66K), p<0.001). Mortality was
significantly higher among ACHD-HFs with SV physiology
(6.6%; OR 1.6, 95% CI 1.1 to 2.3) or 2V physiology
(6.3%; OR 1.4, 95% CI 1.3 to 1.5) versus HF-non-ACHD
(5.5%). ACHF-HF hospitalisations increased more (46%
vs 6% HF-non-ACHD) over a 10-year period, but the
proportion receiving ventricular assist device (VAD)
(ACHD-HF −2% vs HF-non-ACHD 294%) or transplant
(ACHD-HF −37% vs HF-non-ACHD 73%) decreased.
Conclusion ACHD-HFs have significant ED and
hospital resource use that has increased over the past
10 years. However, advanced HF therapies (VAD and
transplantation) are less commonly used compared with
those without adult congenital heart disease.

INTRODUCTION
As surgical and medical care for congenital heart
disease (CHD) has advanced, survival has improved
dramatically, and today nearly 90% of infants
with CHD survive to adulthood.1–3 This improved
survival is accompanied by a rapidly growing population of adults with CHD—1.4 million adults with
CHD currently living in the USA. In fact, the adult
congenital heart disease (ACHD) population now
numerically exceeds the paediatric CHD population; additionally, it is growing by over 50 000
patients per year.4 Simultaneously, there has been

a shift in ACHD care towards a focus on long-
term morbidities, including arrhythmias, pulmonary hypertension and heart failure (HF). HF is a
highly morbid complication that results from prior
surgical interventions, residual lesions, pressure or
volume overload states, coronary anomalies and
arrhythmias.5 6 Adverse myocardial remodelling
and neurohormonal activation further contribute
to ventricular dysfunction, causing HF to progress in severity over time. While the patients most
at risk of ACHD-related HF (adults with congenHF))
ital heart disease and heart failure (ACHD-
include those with single-ventricle (SV) physiology,
tetralogy of Fallot and transposition of the great
arteries, more recent data also demonstrate even
adults with lower-complexity CHD have substantial
cardiovascular morbidity and risk of HF.7 8
Among patients with ACHD, HF is the leading
cause of mortality, comprising 45% of cardiovascular deaths.9 10 Patients with ACHD who are
hospitalised for an HF exacerbation have significantly higher mortality compared with patients
with ACHD hospitalised for other reasons.11–14 HF
presentation comprises a significant proportion of
hospital admissions: 2.5% of patients with ACHD
are hospitalised annually, and of those, 20% are
hospitalised for HF.11 As compared with adults
without CHD who are hospitalised for HF, patients
who are ACHD-HFs are significantly younger and
have fewer overall comorbidities.15
Burchill et al described hospital resource use
in the ACHD-HF population between 1998 and
2011 and demonstrated dramatic increases in
ACHD-
related HF hospitalisations and procedures (including intra-
aortic balloon pump and
mechanical circulatory support).15 However, an
Interagency Registry for Mechanically Assisted
Circulatory
Support
report
demonstrated
increasing use of ventricular assist device (VAD)
in this population over recent years that were not
captured in Burchill’s study period.16 Additionally,
data regarding emergency department (ED) use in
this population are limited. Thus, contemporary
data regarding outcomes and resource use among
ACHD with HF are needed. We aimed to study
differences in resource use among ACHD-HFs and
non-
ACHD with HF (HF-
non-
ACHDs), and we
hypothesise that ACHD-HFs have worse outcomes
but greater ED and hospital resource use and costs
compared with adults without CHD. We will also
evaluate trends in resource use for ACHD-HF care
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Greater admissions, mortality and cost of heart failure
in adults with congenital heart disease

Congenital heart disease

METHODS
Data source

Data regarding hospital care were analysed using data from the
Nationwide Inpatient Sample (NIS), the largest publicly available inpatient care database in the USA.17 The NIS also contains
a stratified sample of 20% of US academic and non-academic
hospitals. Data regarding ED care were obtained using discharge
data from the Nationwide Emergency Department Sample
(NEDS), the largest publicly available all-payer ED database in
the USA. NEDS contains a 20% stratified sample of ED visits
throughout the USA with data collected from the Healthcare
Cost and Utilisation Project (HCUP) within the Agency for
Healthcare Research and Quality.18 19 NEDS data are provided
by the HCUP State Inpatient Databases and the State Emergency
Department Databases and captures discharge information after
ED visits. Both NEDS and NIS provide appropriate weights to
obtain weighted national estimates.

Study population

Data from the NEDS and NIS database from 2006 to 2016 were
analysed. The unit of analysis is based on encounter level during
ED or hospital visit (not patient level). Patients were included if
they were >18 years of age, had an International Classification
of Disease, 9th Revision (ICD-9) or International Classification
of Disease, 10th Revision (ICD-10), diagnosis code for HF or
cardiogenic shock (online supplemental table 1). Patients with
ACHD were identified and categorised as either SV or two-
ventricle (2V) ACHD based on ICD-9 or ICD-10 diagnosis codes
(online supplemental table l). Diagnosis codes with lower specificity for ACHD, including atrial septal defect, bicuspid aortic
valve, aortic stenosis and unspecified congenital anomalies,
were excluded, as has been done previously.15 Diagnosis code
for pregnancy, other connective tissue disease, heart transplant
and heart-
lung transplant were also excluded. Comorbidities
were identified using diagnosis codes and included arrhythmia,
pulmonary hypertension, hypertension, diabetes, chronic kidney
disease, obesity, smoking, chronic obstructive pulmonary disease
and coronary artery disease. Chronic complex conditions were
defined as medical conditions that would reasonably be expected
to last >12 months and involve either several different organ
systems or one organ system severely affected enough to require
specialty care and hospitalisation in a tertiary care centre; this
was based on a previously published classification scheme.20
Procedures were captured using ICD-9 and ICD-10 codes
(online supplemental table 1) and included VAD, extracorporeal membrane oxygenation (ECMO), heart or heart–lung transplantation, intra-aortic balloon pump (IABP), internal cardiac
defibrillator (ICD) and Swann/central venous catheter/right
heart catheterisation.

Patient and public involvement

Patients were not involved in this research.

Outcomes of interest

Study outcomes included mortality, disposition and resource use
across ED visits and hospitalisations in both ACHD-HFs and
HF-non-ACHDs. Regarding ED-related outcomes, we examined
the frequency and trends of ED visits during the study period, ED
visits disposition (admission, discharged or died) and ED-related
808

costs across cohorts. We then evaluated number and trend in
HF hospitalisations during the study period, hospital mortality,
hospital length of stay (LOS), hospitalisation costs and rates of
invasive procedures, including advanced HF therapies (VAD,
ECMO, heart or heart–lung transplantation, IABP, ICD implantation and central venous catheter/right heart catheterisation).

Statistical analysis

Demographic and clinical data are reported as number with per
cent or median value with IQR, as appropriate. Comparison of
characteristics between patients with HF with ACHD and those
without ACHD were assessed with χ2 tests or linear regressions
that take account of the stratified cluster sample. Trend analyses
using Cochran-Armitage tests for rates were conducted. ED and
hospital costs were inflated to 2016 US dollars using the medical
care and hospitalisation component of the personal consumption
expenditure index.21 To test the association of patient-level or
centre-level characteristics with outcomes, including mortality
and resource use, multivariable logistic regression models or
multiple linear regressions were fitted with appropriate covariates, adjusting for age, gender, insurance type, hospital affiliation (academic vs non-academic), year and comorbidities. Log
transformation for the continuous outcome variables, hospital
LOS, hospital cost and ED cost was used to achieve the approximation of normal distribution. All national estimates, 95% CIs,
IQRs, trend tests, logistic regressions and linear regressions
were conducted by using SAS survey procedures, as recommended by HCUP, to compute accurate variances.17 All analyses
accounted for the HCUP’s complex survey designs using appropriate survey weights. Due to the 2012 NIS database redesign,
NIS trend weights were used for NIS data before 2012. All data
management and statistical analysis were performed using SAS
V.9.4. A two-sided p value of <0.05 was used as the threshold
for statistical signiﬁcance.

RESULTS
Patient cohort

The study cohort is shown in figure 1 and patient demographics
are shown in table 1. A total of 84 963 ED visits (based on NEDS
database) occurred in ACHD-HFs from 2006 to 2016, with 2252
(3%) patients who were SV-ACHD-HFs; during the same period,
there were 51 970 415 HF-non-ACHD ED visits. As shown in
table 1, based on NIS data, patients who were ACHD-HFs were
younger compared with HF-non-ACHDs (median age 61 (IQR
44–78) vs 74 (IQR 62–83) years, p value<0.001) (figure 2);
SV-ACHD-HFs were the youngest cohort (median age 33 (IQR
25–43) years, p value<0.001). ACHD-HFs were more often
treated in teaching hospitals, with 73% of patients who were
SV-ACHD-HFs and 54% of patients who were 2V-ACHD-HFs
cared for in a teaching hospital compared with 45% of those with
HF-
non-
ACHD (p value<0.001). Insurance patterns differed
across groups, with patients who were SV-
ACHD-
HFs more
often being insured by Medicaid or private insurance, while
HF-non-ACHDs were more often on Medicare (p value<0.001).
ACHD-HFs had a higher incidence of arrhythmias and pulmonary hypertension but a lower incidence of acquired comorbidities, such as diabetes, chronic kidney disease, obesity and
coronary artery disease.

ACHD-related HF care in EDs

In patients with HF who presented to the ED, ACHD-HFs had
higher rates of hospital admission compared with HF-
non-
ACHDs (SV-
ACHD-
HFs: OR 1.51, 95% CI 1.18 to 1.94,
Burstein DS, et al. Heart 2021;107:807–813. doi:10.1136/heartjnl-2020-318246
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over a recent 10-year period and determine whether disparities exist in the use of advanced HF therapies in ACHD-HFs
compared with adults without CHD.

Congenital heart disease

p value<0.001; 2V-
ACHD-
HFs: OR 1.48, 95% CI 1.39 to
1.56, p value<0.001; online supplemental table 2). Although
mortality in the ED was low across all groups, SV-ACHD-HFs
had twice the ED mortality compared with others (0.6% vs
2V-
ACHD-
HF mortality 0.3% vs HF-
non-
ACHD mortality
0.3%, p value<0.001). Median ED-related hospital costs were
similar for ACHD-HFs ($1982 (IQR $1281–$3365)) compared
with patients who were HF-non-ACHDs ($1964 (IQR $1216–
$3314)); OR 1.04, 95% CI 1.02 to 1.07, p<0.001). There was
an increase in ED visits across both patients with ACHD and
patients who were HF-non-ACHDs that were not significantly
Burstein DS, et al. Heart 2021;107:807–813. doi:10.1136/heartjnl-2020-318246

different during the 10-year study period (online supplemental
figure 1).

ACHD-related HF care during hospitalisation

Invasive haemodynamic assessment (cardiac catheterisation or
Swann central catheter) was more often used in ACHD-HFs,
although less often in SV-
ACHD-
HFs compared with
2V-ACHD-HFs, which may be related to decrease Swann central
catheter use in SV physiology due to increased thrombosis risk
with an indwelling catheter in a passive venous cavopulmonary
circulation (table 2). There was increased use of advanced HF
809
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Figure 1 Study cohort of HF visits to the emergency department (top: based on NEDS database) and inpatient (bottom: based on NIS database)
from 2006 to 2016. 2V, two-ventricle; ACHD-HF, adults with congenital heart disease and heart failure; HF, heart failure; NEDS, Nationwide Emergency
Department Sample; NIS, Nationwide Inpatient Sample; SV, single-ventricle.

Congenital heart disease
Table 1

Patient demographics

Age, median (IQR)

74 (63–83)

ACHD-HF
N=76 557
61 (44–75)

P value (vs non-
ACHD)
<0.0001

SV-ACHD-HF,
N=2775
33 (25–44)

P value (vs non-
ACHD)
<0.0001

2V-ACHD-HF,
N=73 782
61 (45–76)

P value (vs
non-ACHD)
<0.0001

Male, n (%)

15 205 497 (49)

38 211 (50)

0.0043

1474 (53)

0.073

36 839 (50)

0.011

White, n (%)

22 593 832 (72)

51 545 (69)

<0.0001

1857 (70)

<0.0001

49 688 (70)

<0.0001

 Medicare

23 800 830 (77)

42 276 (55)

 Medicaid

2 407 875 (8)

11 106 (14)

685 (25)

10 421 (14)

 Private

3 620 714 (12)

18 149 (24)

1089 (39)

17 061 (23)

 Self-pay

669 446 (2)

2861 (4)

Insurance, n (%)

<0.0001

Hospital affiliation, n (%)

<0.0001
800 (29)

93 (3)
<0.0001

<0.0001
41 476 (56)

2768 (4)
<0.0001

<0.0001

 Teaching

15 316 925 (50)

46 592 (62)

2149 (78)

44 442 (61)

 Non-t eaching

15 253 052 (50)

28 479 (38)

592 (22)

27 887 (39)

Comorbidities, n (%)
 Arrhythmia
 Pulmonary hypertension
 Hypertension

14 344 536 (46)

40 634 (53)

<0.0001

1699 (61)

<0.0001

38 934 (53)

4 035 064 (13)

20 388 (27)

<0.0001

627 (23)

<0.0001

19 761 (27)

<0.0001
<0.0001

12 332 085 (40)

27 041 (35)

<0.0001

380 (14)

<0.0001

26 661 (36)

<0.0001

 Diabetes

13 421 724 (43)

20 715 (27)

<0.0001

240 (9)

<0.0001

20 475 (28)

<0.0001

 Chronic kidney disease

11 669 769 (37)

18 888 (25)

<0.0001

591 (21)

<0.0001

18 297 (25)

<0.0001

 Obesity

5 162 547 (17)

11 896 (16)

0.0023

238 (9)

<0.0001

11 658 (16)

0.025

 Smoking

7 313 929 (23)

15 844 (21)

<0.0001

314 (11)

<0.0001

15 529 (21)

<0.0001

 COPD
 Coronary artery disease

4 954 125 (16)

6719 (9)

<0.0001

70 (3)

<0.0001

6649 (9)

<0.0001

11 263 517 (36)

23 615 (31)

<0.0001

302 (11)

<0.0001

23 313 (32)

<0.0001

NIS database.
ACHD-HF, adult with congenital heart disease and heart failure; COPD, chronic obstructive pulmonary disease; HF-non-ACHD, non-ACHD with HF; NIS, Nationwide Inpatient
Sample; SV, single-ventricle; 2V, two-ventricle.

therapies including transplant, ECMO and IABP among patients
with ACHD. Interestingly, after adjusting for patient-level and
centre-level factors, 2V-ACHD-HFs were less likely to receive a
VAD compared with HF-non-ACHDs. Notably, SV-ACHD-HFs
required remarkably high acuity care, including heart transplantation in 1.8% of admissions (compared with 0.04% of HF-non-
ACHDs), VAD implant in 0.7% of admissions (compared with
0.07% of HF-
non-
ACHDs) and ECMO support in 0.4% of
admissions (compared with 0.05% of HF-non-ACHDs).
level and centre-
level factors
After adjusting for patient-
(including age, gender, insurance type, hospital affiliation,
year and comorbidities), hospital mortality was higher among
SV-ACHD-HFs (6.6%; OR 1.61, 95% CI 1.16 to 2.26) and
2V-
ACHD-
HFs (6.3%; OR 1.15, IQR 1.08–1.24) compared
with HF-non-ACHD (5.5%), with a p value of <0.001 for both.
Among those requiring ECMO support, mortality was similarly

Figure 2 Age at presentation for ACHD-HF versus HF-non-ACHD visits.
ACHD-HF, adults with congenital heart disease and heart failure; HF-
non-ACHD, non-ACHD with HF.
810

high in both HF-non-ACHDs (56%) and 2V-ACHF-HFs (54%)
(p value=0.89). However, ECMO use among SV-ACHD-HF had
100% mortality. Mortality was higher in patients with ACHD
who received VAD (2V-ACHD-HFs 54% and SV-ACHD-HFs
non-
ACHDs (16%). Similarly, mortality
76%) compared HF-
was higher in patients with ACHD who received transplants
(2V-ACHD-HFs 11% and SV-ACHD-HFs 30%) versus those
without ACHD (5%).
Hospital LOS was longer for ACHD-HFs (median LOS 5
days (IQR 2–8)) and hospitalisation costs were greater (median
$42 800 (IQR $18 400–$106 900)) compared with those
without ACHD (median LOS 4 days (IQR 2–7) and median
cost $28 000 (IQR $14 500–$57 800)), with a p value of
<0.001 for both. Additionally, hospitalisation costs increased
for all groups during the study period from 2006 to 2016,
but growth was substantially higher for ACHD-HF, for whom
median hospitalisation costs doubled (75% increase) compared
with HF-non-ACHD (32% increase, p<0.001) (online supplemental figure 2). Hospitalisation rates also increased more
among ACHD-HFs (46%) versus HF-non-ACHD (6%) during
the study period (figure 3 and online supplemental figure 3).
When evaluated by physiology, SV-ACHD-HFs had a 119%
increase in annual hospitalisations and 2V-ACHD-HFs had a
43% increase.
However, despite the marked increase in hospitalisation for
ACHD-
HFs as compared with patients who were HF-
non-
ACHDs, there was significant disparity in advanced HF support
across groups (figure 3). Notably, VAD support increased by
294% in hospitalised HF-non-ACHDs (from 0.02% to 0.1%)
but remained unchanged in those with ACHD (from 0.34%
to 0.33%, p value<0.001). Similarly, the proportion of hospitalised patients with HF who underwent heart transplantation
increased by 73% (from 0.01% to 0.05%) for HF-non-ACHDs
Burstein DS, et al. Heart 2021;107:807–813. doi:10.1136/heartjnl-2020-318246
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HF-non-ACHD,
N=31 137 414

<0.0001
1.33 (1.30 to 1.35)
$49.3K ($22.0K–$121.3K)
0.016
Inpatient costs†

$32.3K ($17.1K–$65.7K)

$47.4K ($20.9K–$124.6)

1.14 (1.03 to 1.27)

–
–
514 (19)
4 268 637 (14)
Cardiac catheterisation or Swann central catheter
placement

–

–
–

–
(0.4)*

236 580 (0.8)
Internal cardiac defibrillator

15 (0.5)

244 956 (0.8)
Intra-aortic balloon pump

–
–
16 224 (0.05)
ECMO

(0.4)*

–
–
19 (0.7)
23 294 (0.07%)
VAD

DISCUSSION

NIS database. Adjusting for age, gender, insurance type, hospital affiliation, year and comorbidities. Regression analysis not performed for some SV-ACHD-HF data due to limited patient numbers.
*Cell counts which is less than or equal to 10 are not allowed to be reported according to the data usage agreement.
†Inpatient costs inflated and adjusted to 2016 costs.
ACHD-HF, adults with congenital heart disease and heart failure; ECMO, extracorporeal membrane oxygenation; NIS, Nationwide Inpatient Sample; SV, single-ventricle; 2V, two-ventricle; VAD, ventricular assist device.

<0.001

<0.001

1.82 (1.72 to 1.92)
20 166 (27)

<0.001
2.33 (2.10 to 2.59)

1.38 (1.21 to 1.57)
1342 (1.8)

2135 (2.9)

0.0015

<0.001

<0.001

–
–
49 (1.8)
13 535 (0.04)
Transplant

<0.001

<0.001
1.84 (1.44 to 2.36)
396 (0.5)

0.66 (0.48 to 0.92)
209 (0.3)

1.66 (1.25 to 2.20)
322 (0.4)

1.08 (1.07 to 1.10)

1.15 (1.08 to 1.24)
4619 (6.3)

5 (2–8)
0.0018

<0.001
1.60 (1.16 to 2.26)

1.10 (1.04 to 1.17)
5 (2–9)

183 (6.6)
1 708 855 (5.5)

4 (2–7)
Length of stay

Mortality

OR (95% CI) or ratio
(95% CI)
n (%) or median (IQR)
n (%) or median (IQR)
n (%) or median (IQR)

OR (95% CI) or ratio
(95% CI)

P value (vs HF-
non-ACHD)

2V-ACHD-HF, N=73 782
SV-ACHD-HF, N=2775
HF-non-ACHD,
N=31 137 414

Adjusted mortality and resource use for advanced heart failure care among patients with ACHD and patients who were HF-non-ACHD
Table 2

but decreased by 37% among ACHD-HFs (from 0.6% to 0.38%)
(p value<0.001).

Burstein DS, et al. Heart 2021;107:807–813. doi:10.1136/heartjnl-2020-318246

With increased survival among patients with ACHD and
median age of death approaching that of the general population, the prevalence of HF in ACHD is increasing, resulting in
a growing, resource-intense population. Among patients with
ACHD, HF is the leading cause of death.6 In this large contemporary nationwide study of ED and inpatient hospital care in
adults with HF who lack CHD as compared with ACHD-HFs,
there are notable differences in both outcomes and resource
use. Consistent with prior studies from earlier time periods, our
data demonstrate ongoing growth in hospital resource use for
patients who are ACHD-HF.15 However, our study is the first to
evaluate ED-related care among patients who are ACHD-HFs.
We demonstrate an increasing number of ACHD-HF ED visits
similar to HF-
non-
ACHD over the study period, but more
patients who were ACHD-HFs (78%) required hospital admission than HF-non-ACHDs (70%). Although ED mortality was
low overall, the mortality of patients who were SV-ACHD-HFs
was twice that of 2V-ACHD-HF and HF-non-ACHD. This highlights the need for early recognition of HF symptoms in adults
with SV physiology who often require high-acuity care when
presenting to the ED.
In-hospital mortality was significantly higher in ACHD-HFs
ACHD-
HFs (6.8%), compared with
(6.3%), particularly SV-
HF-non-ACHD (5.7%), despite being younger and with fewer
comorbidities. Notably, the mortality from our study is lower
than previously published in the Dutch CONCOR registry that
reported 4% and 35% mortality rates of 1 and 3 years, respectively, among ACHD-HFs.13 This difference may relate to inclusion of posthospital discharge mortality data in the Dutch registry,
which is different from our study that was limited to in-hospital
mortality. Because we excluded patients with lower-complexity
CHD, our findings may underestimate the true burden of HF in
ACHD, as recent data demonstrate a high burden of cardiovascular morbidity, including HF, in such patients.8 Notably, among
patients with ACHD who required advanced HF therapies,
mortality was significant and illustrates the high complexity of
this challenging population.
Over the past decade, a growing number of patients who
were ACHD-HFs have presented to the ED and required hospitalisations. This rate of growth currently exceeds those in the
population that is HF-non-ACHD. Although patients who are
ACHD-HFs comprise only a small portion of the overall adult
HF population, their complex anatomy requires high acuity care
and significant resource use, with 5–10 times higher advanced
HF therapy use, including VAD, heart transplant and ECMO.
Despite the rise in ACHD-HF hospitalisations, there has not
been a comparable increase in advanced HF therapies, including
VAD or transplantation, among patients who are ACHD-HF,
highlighting a disparity in advanced HF treatment between
those with and without congenital anomalies. Specifically, in
our study, despite the rising incidence of hospitalisation among
patients who were ACHD-HF patients, there was a decreased
proportion of patients who were ACHD-HFs receiving heart
transplantation. Additionally, use of VAD support remained
relatively unchanged during the 10-year study period, compared
with nearly a 300% increase in VAD use among adults without
CHD. Consistent with these data, Dimopoulos et al also found
the number of transplants among ACHD did not parallel the
expansion of the ACHD population in a UK population.22 It
811
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appears that complex CHD anatomy has underuse of advanced
HF therapies, including VAD and heart transplantation, despite
data that patients who are ACHD-
HFs can be successfully
treated with VAD and heart transplant with encouraging long-
term outcomes.16 23 These data suggest a need for increased
advanced HF therapy consideration in patients with ACHD to
improve outcomes in this high-risk population.
This study also demonstrates significantly more hospital
resource use, including longer LOS and greater hospitalisation costs for ACHD-HF, but lower rates of VAD implantation
and heart transplantation in such patients. Patients who are
ACHD-HFs present management challenges due to their diverse
presentation and complex anatomy and haemodynamics. A
multidisciplinary team with expertise in the care of patients with
ACHD with HF may improve outcomes, improve efficiency and
decrease cost.6 24–26 Additionally, patients who are ACHD-HFs
require significant hospital resource use near the end of life;
there may be an opportunity to improve care through the incorporation of palliative and supportive care.27 Understanding these
data is important for considering allocation of resources within
the larger adult HF population, including use of advanced HF
therapies such as transplantation and VAD.

Limitations
This study has several limitations related to its retrospective
nature. First, this study is subject to the limitations inherent to
an administrative database, although HCUP performs quality
analyses to ensure internal consistency and data validity. Second,
because these data were based on admission-
level instead of
patient-
level data, there were limitations regarding data of
patients with recurrent admissions. There may be some misclassification error due to use of ICD-9 and ICD-10 codes for identifying the study cohort, although ICD coding has been used by
others as a reliable method to identify CHD-related mortality
in the USA.28–30 Despite these limitations, these data remain
important to present and understand as they provide a comprehensive analysis of both ED and hospital care for patients who
are ACHD-HFs in the current era.
812

CONCLUSION

ACHD-HF is a growing population with care that is associated
with high ED and hospital resource use. Despite increased ED
visits and hospitalisations, there remains a disparity in use of
advanced HF therapies, including VAD and transplantation,
when compared with adults with HF but without ACHD.
Focusing on care for ACHD-HFs care in specialised centres may
improve outcomes and resource use in this complex population.

Key messages
What is already known about this subject?

►► Among adults with congenital heart disease, heart failure

(HF) is the leading cause of mortality. However, limited
contemporary data exist regarding heart failure (HF)
outcomes and resource use in adult congenital heart disease
(ACHD).

What might this study add?

►► This study aimed to understand differences in outcomes and

resource use among adults with HF and ACHD compared to
those without ACHD in the modern era.
►► In this large contemporary cohort, adults with congenital
heart disease and heart failure (ACHD-HFs) had higher
mortality (6.3% vs 5.5%), higher ED admissions (78% vs
70%), longer length of stay (5 days vs 4 days) and greater
hospital costs ($49K vs $32K) compared to non-ACHD with
HF (HF-non-ACHDs).
►► Despite a greater increase in HF hospitalisations over the
10-year period among those with ACHD (46%) compared
to those without ACHD (6%), the proportion of ACHD-HFs
receiving VAD (−2%) or transplant (−37%) decreased.
How might this impact clinical practice?

►► Despite increasing hospital resource use among adults with

ACHD and HF, advanced HF therapies are used less often
compared to adults without CHD, highlighting potential utility
of specialised ACHD and HF centres to improve outcomes.
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Figure 3 Change in HF resource use from 2006 to 2016 among ACHD-HF and HF-non-ACHD. ACHD-HF, adults with congenital heart disease and
heart failure; VAD, ventricular assist device.
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