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Abstract

Aims While heart failure (HF) is a leading cause of death in adults with congenital heart disease (ACHD), few studies report
contemporary outcomes after the first HF hospitalization. We examined outcomes of ACHD patients newly admitted for HF
compared with ACHD patients without HF and the general HF population without ACHD.
Methods and results Using population databases from a single-payer health system from 1994 to 2018, ACHD patients newly
admitted for HF were matched 1:1 to ACHD patients without HF (n = 4030 matched pairs). Similarly, ACHD patients newly ad-
mitted for HF were matched 1:1 to HF patients without ACHD (n = 4336 matched pairs). Patients with ACHD and HF (median age
68 years, 45% women) experienced higher mortality in short-term [30 day adjusted hazard ratio (HR) 4.68, 95% confidence in-
terval (CI) 4.06, 5.43, P< 0.001], near-term (1 year HR 3.87, 95% CI 3.77, 4.92, P< 0.001), and long-term (24 year HR 1.59, 95%
CI 1.13, 2.36, P = 0.008) follow-up. Patients with ACHD and HF had fewer baseline cardiovascular comorbidities than non-ACHD
HF but demonstrated higher 30 day (HR 1.56, 95% CI 1.41, 1.73, P < 0.001), 1 year (HR 1.30, 95% CI 1.20, 1.40, P< 0.001), and
24 year (HR 2.40, 95% CI 1.73, 3.38, P < 0.001) mortality. Those with ACHD and HF also exhibited higher cardiovascular read-
mission rates at 30 days with HRs 9.15 (95% CI; 8.00, 10.48, P < 0.001) vs. ACHD without HF, and 1.71 (95% CI; 1.54, 1.85,
P < 0.001) vs. HF without ACHD, and the higher readmission risk extended to 10 year follow-up.
Conclusions Adults with congenital heart disease patients with new HF have high risks of death and cardiovascular hospital-
ization, and preventative strategies to improve outcomes are urgently needed.
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Introduction

Adults with congenital heart disease (ACHD) are a growing
population due to advances in medical and surgical
therapies.1,2 The majority of children with congenital heart
disease now survive into adulthood; however, many are left
with residual anatomical, physiological, and electrical abnor-
malities that increase their morbidity and mortality compared
with the general population.1,3–5

Heart failure (HF) is recognized as the leading cause of
death, hospitalization, and reduced life expectancy in patients
with ACHD.4,6,7 Hospitalizations for HF have been identified to
be prognostically important, with each hospital admission

associated with worsening outcome.8 In particular, the first
hospitalization is a sentinel event that is important from the
standpoint of preventive efforts to reduce the burden of
HF.9 However, few studies have reported the contemporary
outcomes of ACHD patients after a first hospitalization with
HF.10–14 Such data are needed as it would improve allocation
of resources and management of these patients.

Therefore, the aims of this study were to (i) characterize
ACHD patients after a first admission with HF, (ii) compare
the outcomes between ACHD patients after a first HF
admission with ACHD patients without HF, and (iii) examine
differences in outcomes in ACHD HF patients to the general
HF population without ACHD.
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Methods

Study design

We performed two retrospective cohort comparisons to de-
termine outcomes in adult congenital heart disease (ACHD)
patients after their first HF admission. One was between
ACHD patients with a first admission for HF and ACHD
patients with no HF admission within the previous 3 years.
The second was between ACHD patients and non-ACHD
patients both with a first admission for HF.

Data sources

In Ontario (Canada), all residents are assigned a unique health
insurance number to receive coverage for medically necessary
services. All diagnoses and health services provided are sys-
tematically recorded until death. This study was conducted
through linkages of multiple clinical and administrative data-
bases housed at ICES (formerly the Institute for Clinical Evalu-
ative Sciences), which holds multiple population-based health
databases of the Ontario population. ICES is a prescribed en-
tity under Ontario’s Personal Health Information Protection
Act, which allows researchers to collect, link and analyse
encoded population-based administrative databases and clin-
ical registries for conducting approved research studies, with-
out the need to obtain individual patient consent, but under
strict privacy and security policies, procedures, and practices
(https://www.ices.on.ca/Data-and-Privacy). The use of data
in this project was authorized under section 45 of Ontario’s
Personal Health Information Protection Act. This study com-
plies with the Declaration of Helsinki.

Study population

We identified all ACHD patients in the population who were
admitted to any hospital in Ontario from 1 April 1994 to 31
March 2018, via the Canadian Institute for Health Information
Discharge Abstract Database (CIHI-DAD), using International
Classification of Diseases, ninth (ICD-9) and tenth (ICD-10)
revisions, which have codes to designate congenital heart
disease anomalies (Appendix 1). Using ICD-9 code 428 and
ICD-10 code I50, we identified all ACHD and non-ACHD
patients who were hospitalized with HF and all readmissions
after the index initial hospital admission (Appendix 2) using
previously validated approaches.15 We also excluded those
less than 18 years of age, those ineligible for insurance cover-
age under the Ontario Health Insurance Plan, and non-Ontario
residents. Congenital heart disease severity was designated as
per the American College of Cardiology/American Heart Asso-
ciation guidelines for the management of adults with congen-
ital heart disease, which groups patients into three categories

(simple, moderate, or great complexity), based on their
unrepaired and repaired anatomy.6,16 Patients for whom
there was insufficient information were classified as
undefined.

Adult congenital heart disease HF cases were ACHD pa-
tients who had a first hospitalization with the primary/most
responsible diagnosis of HF at any time during the study pe-
riod. These patients were then matched 1:1 to an ACHD con-
trol without HF. ACHD non-HF controls had no HF admissions
in the 3 years prior to the date of first HF hospitalization rel-
ative to the ACHD HF cases. Matching was performed using
the following factors: age, sex, congenital heart disease com-
plexity, and the admission date of the ACHD HF case
hospitalization.

We also matched each ACHD HF patient 1:1 to a patient
with HF but without ACHD (non-ACHD HF control), matching
on age, sex, and year of first HF hospitalization. For ACHD HF
cases, the index date was the date of first HF hospitalization.
For ACHD non-HF controls, the index date was the corre-
sponding date of first HF hospitalization for ACHD HF cases
with whom they were matched. For non-ACHD HF controls,
the index date was the first HF hospitalization.

Comorbidities such as diabetes, hypertension, chronic ob-
structive pulmonary disease, and asthma were determined
employing established and published, validated algorithms
using the CIHI-DAD and OHIP administrative databases.17–21

Additional baseline patient characteristics were identified
using administrative data sources, scanning for comorbidities
by examining all hospital records in the 3 year period prior to
the index date defined above. By scanning the 3 year period
for all diagnostic codes in the CIHI-DAD, we have previously
reported that prior HF diagnoses can be identified, leaving
only those with newly diagnosed HF after excluding those
with pre-existing disease.9 Similarly, comorbid conditions
can also be identified using this window of observation.22

The Charlson comorbidity index was calculated excluding
the HF diagnosis at the index admission. Cardiac procedures
were determined from the CIHI-DAD or the CIHI Same Day
Surgery database using the Canadian Classification of Inter-
ventions coding system. Physician visits and procedures were
also determined using the OHIP physician claims database.
The Ontario Registered Persons Database was used to obtain
sociodemographic information, including postal code, which
was linked to Statistics Canada’s 2006 and 2011 census data
to obtain median neighbourhood income of subjects and
served as a proxy for socioeconomic status.

Outcomes

We examined short-term (30 days), near-term (1 year), and
long-term (>20 years) occurrence of death from any cause.
Mortality data were obtained from the Registered Persons
Database of vital statistics. We also examined 1 year and
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long-term (>20 years) HF hospitalizations and cardiovascular
disease hospitalizations after the index date. Hospitalizations
were identified using the CIHI-DAD, and the primary reason
for admission (cardiovascular disease or HF) was determined
using the ICD-9 and ICD-10 coding systems, using diagnostic
codes as previously published.23

Statistical analysis

Continuous variables were summarized using median and in-
terquartile range (IQR) or mean and standard deviation. The
Kruskal–Wallis test was used to test comparison of medians
and ANOVA for comparison of means. Categorical variables
were reported as proportions and compared using the χ2 test.
The last follow-up date for total mortality and hospitalization
was 31 March 2019. Unadjusted event rates per 1000
person-years for all-cause mortality, HF hospitalization, and
cardiovascular hospitalization were compared using Poisson
regression. Admissions for elective procedures that lasted less
than 48 h were excluded as an outcome event. In the primary
analysis, all-cause mortality, HF, and cardiovascular disease
hospitalization events were analysed using multiple Cox re-
gression models using cause-specific hazards (that accounted
for the competing risk of death in the latter two analyses),
with the index date (as described above) as t = 0 time point.
Hazard ratios (HR) were adjusted for ACHD complexity,
income quintile, rural residence, Charlson comorbidity score
category, history of myocardial infarction, renal disease,
hypertension, atrial fibrillation, diabetes, chronic obstructive
lung disease, asthma, implantable cardioverter defibrillator
or pacemaker, previous valve procedure, coronary artery
bypass grafting, or percutaneous coronary intervention,
and previous electrical cardioversion using diagnostic and
procedure codes as previously published by our group.9,24

Analysis was performed stratified by CHD complexity and by
dividing the accrual period into three equal time periods
(1994–2001, 2002–2009, and 2010–2017). Kaplan–Meier
curves were plotted for mortality outcomes and compared
with the log-rank statistic.

The proportional hazard assumption was tested, using the
Kolmogorov-type supremum test from 1000 simulated
patterns, to verify whether the HR varied by time. If the
proportional hazards assumption was rejected (P < 0.05),
time-dependent HR were estimating using restricted
cubic splines with three knots. For these estimated
time-dependent HR, 95% confidence intervals (CI) were ob-
tained using the bootstrap approach, with 1000 bootstrap
samples. The statistical significance of the effect was deter-
mined by using the equivalence between hypothesis testing
and CI, whereby an association is significant at the alpha
significance level if a 100-alpha CI has an endpoint that is
equal to the null value of the null hypothesis. Thus, using
the 1000 bootstrap samples, we determined the confidence

level of a CI whose endpoint was the null value. A two-sided
P value < 0.05 was deemed statistically significant. P values
were not adjusted for multiple comparisons in these explor-
atory analyses. All analyses were conducted using SAS Enter-
prise Guide version 7.1 (SAS Institute, Cary, North Carolina).

Results

We identified 4450 ACHD cases with a first HF admission
during our study period out of the 32 642 ACHD patients
(Figure 1). After matching, we had 4030 ACHD HF cases and
4030 ACHD controls without HF. There were 294 798 adults
without ACHD with a first HF admission during the study
period. After matching, we had 4436 ACHD HF cases and
4436 non-ACHD HF controls (Figure 2).

Congenital heart disease patients with and
without heart failure

Baseline characteristics
Demographic and clinical characteristics of the ACHD HF
cases and ACHD non-HF controls are presented in Table 1.
The median age was 68 years (IQR 55–77 years), and 45%
were female in the matched ACHD patients. Patients with
simple, medium, and great complexity ACHD comprised
63.9%, 6.8%, and 1.3% of our matched cohort, respectively.
Great complexity ACHD lesions were comprised mostly of pa-
tients with transposition of the great vessels, medium com-
plexity were mainly patients with Tetralogy of Fallot, and
simple ACHD were atrial septal defects and bicuspid aortic
valves. ACHD HF cases were more likely in low-income quin-
tiles than ACHD non-HF controls. They were also more likely
than ACHD non-HF controls to have a history of ischemic
heart disease (38.3% vs. 8.1%), diabetes (34.3% vs. 17.7%),
renal disease (11.8% vs. 1.1%), or COPD (32.1% vs. 16.7%),

Figure 1 Flow chart demonstrating the creation of the matched adult
congenital heart disease (ACHD) cohort with and without heart failure
(HF).
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and a higher Charlson comorbidity score (1 [IQR 0–3] vs. 0
[IQR 0–0]) and all comparisons were statistically significant
(all P < 0.001).

Resource utilization
Compared with ACHD non-HF controls, in the year prior to
their index HF admission, ACHD HF patients were significantly
more likely to have visited family physicians (97.2% vs. 88.5%,
P < 0.001) and cardiologists (66.5% vs. 38.0%, P < 0.001).
ACHD HF patients were also more likely to undergo
non-invasive cardiac testing such as echocardiograms
(59.3% vs. 31.9%, P < 0.001), Holter monitoring (16.8% vs.
8.9%, P < 0.001), stress testing (13.0% vs. 9.9%, P < 0.001)
and undergo procedures such as electrical cardioversion
(4.7% vs. 0.7%, P < 0.001), cardiac catheterization (19.0%
vs. 4.1%, P < 0.001), and percutaneous or surgical coronary
intervention (7.2% vs. 1.5%, P < 0.001).

Mortality of adult congenital heart disease patients with or
without heart failure
All-cause mortality was higher in ACHD HF cases (117 deaths
per 1000 person-years) compared with ACHD non-HF controls
(36 deaths per 1000 person-years) during 37 243 person-years
of follow-up examined (Table 2). Kaplan–Meier curves are
shown in Supporting Information, Figure S1. ACHD HF cases
died at a younger age (75, IQR 64–83 years) than ACHD non-
HF controls (84, IQR 77–88 years, P < 0.001). Thirty day and
1 year mortality were also higher for ACHD HF cases after
the first admission for HF compared with ACHD non-HF con-
trols and did not vary when the accrual time period was di-
vided into three equal time periods (Appendix 3). During
long-term follow-up, there was a violation of the proportional
hazards assumption, indicating that the HR varied over time.
Point estimates of the adjusted time-dependent HR obtained

using restricted cubic splines demonstrated that ACHD HF
cases had higher HR for mortality compared with ACHD
non-HF patients that persisted over the duration of
follow-up (Table 3). Curves of these time-dependent adjusted
HR estimates demonstrated that the HRwas highest at 30 days
and decreased to plateau at around 10 years (Figure 3).

Hospitalizations among adult congenital heart disease
patients with or without heart failure
Adults with congenital heart disease and HF were also more
likely than ACHD non-HF controls to be hospitalized with HF
or for cardiovascular disease. The crude rate of hospitaliza-
tion for HF was 116 per 1000 person-years for ACHD HF cases
vs. 1.5 per 1000 person-years for ACHD non-HF controls
(Table 2). Rates of cardiovascular disease hospitalization were
also higher in ACHD HF cases compared with ACHD non-HF
controls (294 vs. 62 per 1000 person-years). Time-dependent
adjusted HRs for HF and cardiovascular disease hospitaliza-
tion are presented in Table 3 and Figures S2 and S3. ACHD
HF patients had higher time-dependent HR than ACHD
non-HF patients and the curves of the HR estimates for HF
hospitalization after the date of first admission for HF for
ACHD HF patients demonstrated that the HR was highest
within the first 30 days and subsequently decreased over
the study period.

Heart failure patients with and without
congenital heart disease

Baseline characteristics
Demographic and clinical characteristics of the ACHD HF
cases and non-ACHD HF controls are presented in Table 1.
The median age was 70 years (IQR 58–79 years), and 45.4%

Figure 2 Flow chart demonstrating the creation of matched heart failure (HF) cohort with and without adult congenital heart disease (ACHD).
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Table 2 Crude event rates per 1000 patient-years (95% confidence intervals)

Variable

ACHD patients HF patients

With HF Without HF P value With ACHD Without ACHD P value

All-cause death
# of events 2660 1322 2970 3004
Rate per 1000 person-years 117 (113, 122) 36 (35, 37) <0.001 130 (126, 135) 132 (128, 137) 0.485

Heart failure hospitalization
# of events 1847 57 1994 1734
Rate per 1000 person-years 116 (111, 121) 1.5 (1.2, 2.0) <0.001 124 (119, 130) 100 (95, 104) <0.001

Cardiovascular disease hospitalization
# of events 2754 1710 2944 2559
Rate per 1000 person-years 294 (285, 303) 62 (59, 65) <0.001 311 (302, 321) 194 (187, 201) <0.001

ACHD, adults with congenital heart disease; HF, heart failure.

Table 1 Baseline characteristics

Characteristic

ACHD patients HF patients

With HF Without HF P value With ACHD Without ACHD P value

N 4030 4030 4336 4336
Demographics

Age, median (IQR) 68 (55–77) 68 (55–77) 0.95 70 (58–79) 70 (58–79) 1
Female 1814 (45.0%) 1814 (45.0%) 1 1970 (45.4%) 1970 (45.4%) 1
Rural 664 (16.5%) 606 (15.0%) 0.08 724 (16.7%) 688 (15.9%) 0.30

CHD complexity
High 54 (1.3%) 54 (1.3%) 1 55 (1.3%) NA
Medium 275 (6.8%) 275 (6.8%) 282 (6.5%) NA
Simple 2574 (63.9%) 2574 (63.9%) 2740 (63.2%) NA
Undefined 1127 (28.0%) 1127 (28.0%) 1259 (29.0%) NA

Income quintile
1 (lowest) 966 (24.0%) 761 (18.9%) <0.001 1041 (24.0%) 1121 (25.9%) <0.001
2 837 (20.8%) 777 (19.3%) 912 (21.0%) 1016 (23.4%)
3 807 (20.0%) 785 (19.5%) 862 (19.9%) 802 (18.5%)
4 714 (17.7%) 810 (20.1%) 764 (17.6%) 748 (17.3%)
5 (highest) 706 (17.5%) 897 (22.3%) 757 (17.5%) 649 (15.0%)

Comorbidities
Asthma 782 (19.4%) 528 (13.1%) <0.001 817 (18.8%) 832 (19.2%) 0.68
COPD 1293 (32.1%) 673 (16.7%) <0.001 1471 (33.9%) 1611 (37.2%) 0.002
Renal disease 475 (11.8%) 44 (1.1%) <0.001 537 (12.4%) 607 (14.0%) 0.03
Diabetes mellitus 1383 (34.3%) 713 (17.7%) <0.001 1500 (34.6%) 1998 (46.1%) <0.001
Hypertension 2791 (69.3%) 2240 (55.6%) <0.001 3116 (71.9%) 3313 (76.4%) <0.001
Atrial fibrillation 1085 (26.9%) 209 (5.2%) <0.001 1177 (27.1%) 874 (20.2%) <0.001
Ischaemic heart disease 1545 (38.3%) 325 (8.1%) <0.001 1702 (39.3%) 1830 (42.2%) 0.005
Prior MI 473 (11.7%) 58 (1.4%) <0.001 532 (12.3%) 726 (16.7%) <0.001

Charlson score 1 (0–3) 0 (0–0) <0.001 2 (0–3) 2 (1–3) <0.001
0 1160 (28.8%) 3249 (80.6%) <0.001 1219 (28.1%) 870 (20.1%) <0.001
1 884 (21.9%) 385 (9.6%) 947 (21.8%) 913 (21.1%)
2+ 1986 (49.3%) 396 (9.8%) 2170 (50.0%) 2553 (58.9%)

Physician visits within last year
Any 3916 (97.2%) 3620 (89.8%) <0.001 4220 (97.3%) 4148 (95.7%) <0.001
Family physician 3910 (97.0%) 3567 (88.5%) <0.001 4217 (97.3%) 4172 (96.2%) 0.007
Cardiologist 2678 (66.5%) 1530 (38.0%) <0.001 2842 (65.5%) 2193 (50.6%) <0.001

Cardiac tests or procedures within the last year
ECG 3198 (79.4%) 1986 (49.3%) <0.001 3417 (78.8%) 3103 (71.6%) <0.001
Echocardiogram 2390 (59.3%) 1286 (31.9%) <0.001 2520 (58.1%) 1740 (40.1%) <0.001
Holter 677 (16.8%) 359 (8.9%) <0.001 700 (16.1%) 493 (11.4%) <0.001
Stress test 522 (13.0%) 400 (9.9%) <0.001 542 (12.5%) 541 (12.5%) 0.97
Electrical cardioversion 190 (4.7%) 30 (0.7%) <0.001 190 (4.4%) 89 (2.1%) <0.001
Pacemaker 113 (2.8%) 31 (0.8%) <0.001 122 (2.8%) 85 (2.0%) 0.009
ICD 56 (1.4%) 7 (0.2%) <0.001 55 (1.3%) 37 (0.9%) 0.06
Pacemaker or ICD 158 (3.9%) 37 (0.9%) <0.001 165 (3.8%) 114 (2.6%) 0.002
Cardiac catheterization 764 (19.0%) 164 (4.1%) <0.001 786 (18.1%) 509 (11.7%) <0.001
PCI 113 (2.8%) 20 (0.5%) <0.001 121 (2.8%) 163 (3.8%) 0.01
CABG surgery 193 (4.8%) 41 (1.0%) <0.001 199 (4.6%) 116 (2.7%) <0.001
PCI or CABG surgery 289 (7.2%) 60 (1.5%) <0.001 302 (7.0%) 265 (6.1%) 0.11
Valve procedure 299 (7.4%) 96 (2.4%) <0.001 304 (7.0%) 46 (1.1%) <0.001

CABG, coronary artery bypass graft; ICD, implantable cardioverter defibrillator; MI, myocardial infarction; NA, not applicable; PCI, percu-
taneous coronary intervention.
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were female in both groups. Patients with simple, medium,
and great complexity ACHD comprised 63.2%, 6.5%, and
1.3% of the ACHD HF cohort, respectively. The ACHD diagno-
ses were similar to the aforementioned ACHD with and
without HF cohort. Both groups were more likely to be de-
rived from lower than higher income quintiles. Non-ACHD
HF comparators were more likely than ACHD HF cases to have
a history of ischemic heart disease (42.2% vs. 39.3%), hyper-
tension (76.4% vs. 71.9%), diabetes (46.1% vs. 34.6%), renal
disease (14.0% vs. 12.4%), or COPD (37.2% vs. 33.9%), and
a higher Charlson comorbidity score (2 [IQR 0–3] vs. 2 [IQR
1–3]), and all comparisons were statistically significant
(P < 0.001).

Resource utilization
Compared with non-ACHD HF comparators, in the year
prior to their first HF admission, ACHD HF cases were

significantly more likely to have visited family physicians
(97.3% vs. 96.2%, P < 0.007) or cardiologists (65.5% vs.
50.6%, P < 0.001). ACHD HF cases were also more likely
to undergo non-invasive cardiac testing such as echocardio-
grams (58.1% vs. 40.1%, P < 0.001) and Holter monitoring
(16.1% vs. 11.4%, P < 0.001), but not stress testing (12.5%
vs. 12.5%, P = 0.97). ACHD HF cases were more likely to
undergo invasive procedures such as electrical cardiover-
sion (4.4% vs. 2.1%, P < 0.001), cardiac catheterization
(18.1% vs. 11.7%, P < 0.001), and defibrillator or pace-
maker implantation (3.8% vs. 2.6%, P < 0.002). ACHD HF
cases were also more likely to have undergone valvular in-
tervention (7.0% vs. 1.1%, P < 0.001) or coronary artery
bypass surgery (7.2% vs. 1.5%, P < 0.001), whereas
non-ACHD HF comparators were more likely to have re-
ceived percutaneous coronary intervention (3.8% vs. 2.8%,
P = 0.011).

Mortality in heart failure patients with or without adult
congenital heart disease
Crude mortality did not differ between ACHD HF and
non-ACHD HF during 22 854 person-years of follow-up
(Table 2; Kaplan–Meier curves shown in Figure S4), but
30 day and 1 year mortality rates were higher for ACHD
HF after the first HF hospital admission (Appendix 4).
Graphs of the time-dependent adjusted HR demonstrated
a U-shaped appearance with higher HR within the first
few years after HF hospitalization in ACHD HF cases,
which decreased and then subsequently increased with
time (Figure 4 and Table 3). When stratified by ACHD
disease complexity, medium and high complexity ACHD
patients had higher time-dependent HR for mortality at
30 days which decreased and then increased once again
(Table 4).

Table 3 Time-dependent hazard ratios

Variable

ACHD patients HF patients

With HF Without HF P value With ACHD Without ACHD P value

All-cause death
30 day 4.68 (4.06, 5.43) Reference <0.001 1.56 (1.41, 1.73) Reference <0.001
1 year 3.87 (3.77, 4.92) Reference <0.001 1.30 (1.20, 1.40) Reference <0.001
5 year 1.78 (1.62, 1.74) Reference <0.001 0.76 (0.70, 0.83) Reference <0.001
10 year 1.33 (1.20, 1.48) Reference <0.001 0.98 (0.90, 1.07) Reference 0.688
24 year 1.59 (1.13, 2.36) Reference 0.008 2.40 (1.73, 3.38) Reference <0.001

Heart failure hospitalization
30 day 141.9 (85.3, 263.6) Reference <0.001 1.49 (1.34, 1.66) Reference <0.001
1 year 108.6 (72.0, 180.4) Reference <0.001 1.32 (1.22, 1.44) Reference <0.001
5 year 38.2 (26.2, 58.1) Reference <0.001 1.19 (1.05, 1.36) Reference <0.001
10 year 22.2 (16.3, 31.6) Reference <0.001 1.50 (1.28, 1.85) Reference <0.001
24 year 9.28 (3.48, 28.72) Reference <0.001 2.87 (1.79, 5.43) Reference <0.001

Cardiovascular disease hospitalization
30 day 9.15 (8.00, 10.48) Reference <0.001 1.71 (1.54, 1.85) Reference <0.001
1 year 5.74 (5.21, 6.29) Reference <0.001 1.44 (1.21, 1.47) Reference <0.001
5 year 1.70 (1.51, 1.89) Reference <0.001 1.49 (1.37, 1.66) Reference <0.001
10 year 1.39 (1.19, 1.62) Reference <0.001 1.89 (1.58, 2.35) Reference <0.001
24 year 0.88 (0.49, 1.53) Reference 0.648 3.69 (2.13, 6.98) Reference <0.001

ACHD, adults with congenital heart disease; HF, heart failure.

Figure 3 Time-dependent adjusted hazard ratios for all-cause mortality
in the matched adult congenital heart disease (ACHD) cohort with and
without heart failure (HF).
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Hospitalization among heart failure patients with adult
congenital heart disease or without adult congenital heart
disease
Adults with HF and congenital heart disease were also more
likely to be readmitted with HF or for any cardiovascular rea-
son during the study time period. The crude rate of
post-discharge readmission for HF in ACHD HF cases was
1.2 times that of ACHD non-HF comparators (124 vs. 100
per 1000 person-years) and 1.5 times for readmission for car-
diovascular disease (311 vs. 194 per 1000 person-years).
Time-dependent HR for HF and cardiovascular disease hospi-
talizations were higher for all ACHD HF patients at all
follow-up times (Table 3, Figures S5 and S6) regardless of
ACHD complexity (Table 4).

Discussion

This is the first study to demonstrate that ACHD patients with
HF have higher rates of mortality and hospitalization, espe-
cially in the first 2 years after the index HF admission, when
compared with non-ACHD HF patients. Worse outcomes oc-
curred despite the majority of ACHD patients having simple
congenital lesions and fewer cardiovascular factors (diabetes,
hypertension, and ischaemic heart disease) compared with
the non-ACHD HF population. This finding suggests that the
mechanisms responsible for HF in ACHD patients may differ
when compared with the general HF population and require
further study. We also found that ACHD patients with HF
had higher mortality compared with ACHD patients without
HF and that their risk of dying or being hospitalized was sig-
nificantly increased within the first year after their index HF
admission. In addition, ACHD patients with HF had a higher
burden of cardiovascular risk factors and other comorbidities,
which may be potential targets for prevention in this
population.

Figure 4 Time-dependent adjusted hazard ratios for all-cause mortality
in matched heart failure (HF) cohort with and without adult congenital
heart disease (ACHD).
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Previous published studies have focused on examining
mortality between ACHD patients with and without HF.
Overall, mortality in ACHD patients with HF compared with
those without HF has not changed over the past decade as
our results are similar to previous published studies.25,26

Compared with ACHD patients without HF, we found that
mortality in ACHD HF patients was highest in the first year
after the new HF admission and then decreased somewhat
but still remained elevated. This is consistent with the results
of Wang et al., who studied ACHD patients over 40 years who
had a new HF hospitalization and reported HR of 24.56 (95%
CI, 14.35–89.60) at 1 month, 6.01 (95% CI, 4.02–10.72) at
1 year, and 1.65 (95% CI, 0.93–3.57) at 5 years.26 The totality
of studies clearly signify the importance of referring these
patients to specialized HF and ACHD clinics, which have been
demonstrated to be effective in reducing hospitalizations and
mortality.27,28 This referral appears especially crucial in the
first 12 months after hospitalization for new HF. Published
studies suggest that more than 80% of ACHD patients, includ-
ing those with moderate or severe ACHD lesions, are not
followed at specialized clinics despite demonstrated benefits
and current guideline recommendations.11,29 Thus, there is a
need to improve long-term strategies to appropriately direct
the care of these patients as mortality and hospitalizations
remain elevated during the study period and so continuous
life-long monitoring may be warranted.

Our ACHD HF population was predominantly patients with
simple ACHD lesions. While there are reports of increased
survival of medium and great complexity ACHD patients,
the distribution of lesion complexity in our study was similar
to historical papers examining ACHD patients in the
population.1,13,14,30 It could be that while more patients with
medium or great complexity lesions are surviving into adult-
hood, their ACHD-related complications still limit their
lifespan.5 The pattern of mortality, HF, and cardiovascular
hospitalization in simple ACHD patients with HF warrants fur-
ther study. These patients with corrected or haemodynami-
cally insignificant mild ACHD may have inherent ventricular
abnormalities, which combined with acquired heart disease,
leads to the development of HF and increased risk of
mortality.31 Overall, the assumption that these simple ACHD
patients can be managed similarly to non-ACHD patients
may not be valid.

We found that cardiovascular risk factors and a history of
cardiovascular disease were significantly more frequent in
ACHD patients with HF compared with ACHD patients with-
out HF. Studies have shown that the prevalence of coronary
artery disease in ACHD patients is similar to that found in
the general population and that coronary artery disease is a
known predictor of outcomes, especially in ACHD patients
over the age of 60 years.25,30,32,33 For ACHD patients with
HF, coronary artery disease, systemic arterial hypertension,
and chronic kidney disease are all predictors of 1 year HF
hospitalization.26 These findings indicate that primary

cardiovascular prevention is important in these patients and
that the physicians managing these ACHD patients should
actively treat these conditions.

Finally, ACHD HF patients also required greater healthcare
resource utilization, driven by both their congenital heart dis-
ease and acquired comorbidities.30 Given the increasing num-
bers and ages of ACHD patients, the demand for healthcare
will only increase.4,10,33,34 Future studies are needed to de-
velop specific pathways to optimize HF care in these patients
such that comprehensive management is provided at every
HF stage.35,36

Limitations

There are inherent limitations due to the use of administra-
tive data. The use of hospital discharge abstracts to identify
incident HF has been used previously37; however, it is possi-
ble that patients with HF that did not require hospitalization
may be missed, leading to potential misclassification. How-
ever, given the adverse prognosis associated with HF, this
would tend to attenuate the differences between the HF
and non-HF groups, which were clinically and statistically sig-
nificant. Confirmation of the ACHD diagnoses with surgical
claims records could not be performed because prior to
1991, a family-based health card number system was used,
making it difficult to link interventions to specific individuals
within a family unit. Consequently, due to unspecified ICD
coding, a significant portion of our ACHD population was cat-
egorized as undefined ACHD lesion complexity. Also, despite
trends of increasing survival of patients with great complexity
ACHD lesions, the majority of patients studied in our popula-
tion had simple ACHD complexity lesions. Finally, we did not
conduct sex-specific analyses, in part due to the multiplicity
of analyses required, and also the post-hoc exploratory na-
ture of such an endeavour. However, future studies that test
sex-specific hypotheses related to the interaction between
ACHD and HF may be warranted.

Conclusions

In this large population-based study, ACHD patients with HF
were at higher risk of short-term mortality and rehospitaliza-
tion compared with ACHD patients without HF and the
general HF population. These higher risks were present re-
gardless of ACHD complexity severity and may be due to, at
least in part, comorbidities such as hypertension and coro-
nary artery disease. Our findings underscore the need for ag-
gressive primary and secondary prevention in this population
by all physicians who manage adults with congenital heart
disease.
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Diagnosis ICD-9 ICD-10 Complexity

Univentricular heart hypoplastic left heart syndrome 7453 7467 Q204 Q206 Q224 Q226 Q234 H
Truncus arteriosus 7450 Q200 Q214 H
Transposition complex 7451 Q201 Q202 Q203 Q205 H
Isomerism of atrial appendages Q206 H
Hypoplastic right heart syndrome Q226 H
Cor biloculare 7457 H
Tetralogy of Fallot 7452 Q213 Q220 Q234 M
Atrioventricular septal defect 7456 Q212 M
Ebstein anomaly 7462 Q225 M
Aortic coarctation 7471 Q251 M
Anomalies of the pulmonary valve and pulmonary artery 7473 7460 Q220 Q221 Q222 Q223 Q255 Q256 Q257 M
Congenital tricuspid valve disease 7461 Q224 M
Congenital aortic stenosis and insufficiency subaortic
stenosis

7463 7464 Q230 Q231 Q244 S

Congenital mitral stenosis and insufficiency 7465 7466 Q232 Q233 S
Ventricular septal defect 7454 Q210 S
Atrial septal defect 7455 Q211 S
Patent ductus arteriosus 7470 Q250 S
Unspecified defect of septal closure 7459 Q219 U
Anomalies of great veins 7474 Q26 U
Other unspecified anomalies of the heart 7468 7469 Q24 Q208 Q209 U
Other unspecified anomalies of circulation 7479 Q289 U
Other unspecified anomalies of the aorta 7472 Q252 Q253 Q254 U
Other congenital malformations of cardiac septa Q218 U
Other congenital malformations of aortic and mitral valves Q238 U
Other congenital malformations of tricuspid valve Q228 U
Septal closure anom NEC 7458 U
Congenital malformation of aortic and mitral valves,
unspecified

Q239 U

Other congenital malformations of great arteries Q258 U
Congenital malformation of tricuspid valve, unspecified Q229 U
Congenital malformation of great arteries, unspecified Q259 U

Appendix 1

ACHD complexity levels and associated ICD-9 or ICD 10 code prefixes

Definition/code
Physician care

FP visit in past 1 year OHIP spec = ‘00’
Cardiologist visit in past 1 year OHIP spec = ‘60’
Any physician visit in past 1 year OHIP fee code starts with ‘A’

Diagnostic tests in past 1 year

ECHO
OHIP fee code in: (‘G560’, ‘G561’, ‘G562’, ‘G566’, ‘G567’, ‘G568’,
‘G570’, ‘G571’, ‘G572’, ‘G574’, ‘G575’, ‘G577’, ‘G578’)
CIHI procedure code in: (‘0282’) ICD-10 code in: (‘3IP30’)

ECG OHIP FEE CODE IN: (‘G310’, ‘G313’), no CIHI code needed
Stress test OHIP FEE CODE IN: (‘G315’, ‘G319’, ‘G174’, ‘G111’, ‘G112’)

CIHI procedure code in: (‘0341’, ‘0342’, ‘0343’, ‘0344’)
ICD-10 code in: (‘2HZ08’)

CATH OHIP FEE CODE IN: (‘Z442’, ‘G297’)
CIHI procedure code in: (‘4892’, ‘4893’, ‘4894’, ‘4895’,
‘4896’, ‘4897’, ‘4898’, ‘4995’, ‘4996’, ‘4997’)
ICD-10 code in: (‘3IP10’)

(Continues)

Appendix 2

Diagnostic code prefixes for procedures, visits, and admissions
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Definition/code

Holter
OHIP FEE CODE IN: (‘G311’, ‘G320’, ‘G65’, ‘G660’, ‘G661’, ‘G682’, ‘G683’, ‘G684’,
‘G685’, ‘G686’, ‘G687’, ‘G688’, ‘G689’, ‘G690’, ‘G692’, ‘G693’)
CIHI procedure code in: (‘0354’) ICD-10 code in: (‘2HZ24JAKH’)

PCI OHIP FEE CODE IN: (‘Z434’, ‘G298’)
CIHI procedure code in: (‘4802’, ‘4803’) ICD-10 code in: (‘1IJ50’, ‘1IJ57GQ’)

CABG OHIP FEE CODE IN: (‘R742’, ‘R743’)
CIHI procedure conde in: (‘481’) ICD-10 code in: (‘1IJ76’)

Valve
OHIP FEE CODE IN: (‘R736’, ‘R737’, ‘R738’, ‘R863’, ‘R876’, ‘R929’, ‘R730’, ‘R734’,
‘R735’, ‘R733’, ‘R773’, ‘R774’, ‘R724’, ‘R725’, ‘R772’, ‘R726’, ‘R727’, ‘R728’)
CIHI procedure code in: (‘4702’, ‘4703’, ‘4704’, ‘4705’, ‘4712’, ‘4713’, ‘4714’, ‘4715’,
‘4722’, ‘4723’, ‘4724’, ‘4725’, ‘4726’, ‘4727’, ‘4728’, ‘4729’, ‘4733’) ICD-10 code in:
(‘1HU’, ‘1HV’, ‘1HS’, ‘1HT’, ‘1HW’)

Implantable defibrillator OHIP FEE CODE IN: (‘R761’, ‘R753’)
CIHI procedure code in: (‘4974’) ICD-10 code in: (‘1HZ53GRFS’, ‘1HZ53HAFS’,
‘1HZ53LAFS’, ‘1HZ53SYFS’)

Pacemaker OHIP FEE CODE IN: (‘R752’)
CIHI procedure code in: (‘4971’) ICD-10 code in: (‘1HZ53GRNK’, ‘1HZ53GRNL’,
‘1HZ53GRNM’, ‘1HZ53GRNN’, ‘1HZ53GRFR’, ‘1HZ53LANK’, ‘1HZ53LANL’,
‘1HZ53LANM’, ‘1HZ53LANN’, ‘1HZ53QANK’, ‘1HZ53QANL’, ‘1HZ53QANM’,
‘1HZ53SYFR’)

Electrical cardioversion OHIP FEE CODE IN: (‘Z437’)
CIHI procedure code in: (‘1371’, ‘1372’) ICD-10 code in: (‘1HZ09JA’)

CHF and CVD
CHF admission admission to DAD with MRD as (ICD-9428, ICD-10 I50)
CVD admission admission to DAD with

ICD-9 (‘428’, ‘410’, ‘411’, ‘412’, ‘413’, ‘414’, ‘426’, ‘427’, ‘420’, ‘421’, ‘422’, ‘423’,
‘425’, ‘430’, ‘431’, ‘432’, ‘433’, ‘434’, ‘435’, ‘436’, ‘437’, ‘438’, ‘401’, ‘402’, ‘403’,
‘404’, ‘405’, ‘415’, ‘416’, ‘417’, ‘440’, ‘441’, ‘442’, ‘443’, ‘444’, ‘445’, ‘446’, ‘447’,
‘448’, ‘451’, ‘452’, ‘453’, ‘7854’, ‘390’, ‘391’, ‘392’, ‘393’, ‘394’, ‘395’, ‘396’, ‘397’,
‘398’, ‘7855’, ‘7802’, ‘7981’, ‘424’, ‘429’, ‘458’)
ICD-10 (‘I50’, ‘I20’, ‘I21’, ‘I22’, ‘I23’, ‘I24’, ‘I25’, ‘I44’, ‘I45’, ‘I46’, ‘I47’, ‘I48’, ‘I49’,
‘I30’, ‘I31’, ‘I32’, ‘I33’, ‘I40’, ‘I41’, ‘I42’, ‘I43’, ‘I514’, ‘I6’, ‘I10’, ‘I12’, ‘I13’, ‘I15’,
‘I26’, ‘I27’, ‘I28’, ‘I70’, ‘I71’, ‘I72’, ‘I73’, ‘I74’, ‘I77’, ‘I78’, ‘I79’, ‘I80’, ‘I81’, ‘I82’,
‘R02’, ‘I00’, ‘I01’, ‘I02’, ‘I05’, ‘I06’, ‘I07’, ‘I08’, ‘I09’, ‘R57’, ‘R55’, ‘R960’, ‘I34’, ‘I35’,
‘I36’, ‘I37’, ‘I38’, ‘I39’, ‘I51’, ‘I52’, ‘I95’, ‘I97’)

The following ICES derived datasets were used to obtain comorbidity status
ODD (to obtain DM status)
ASTHMA
HTN (hypertension)
COPD
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ACHD HF Non-ACHD with HF

Accrual
time

Number of
people

30 day
event #

30 day
mortality

1 year
event #

1 year
mortality

30 day
event #

30 day
mortality

1 year
event #

1 year
mortality

1994–2001 1162 69 5.94 (4.72–7.46) 235 20.22 (18.04–22.67) 34 2.93 (2.1–4.07) 188 16.18 (14.19–18.44)
2002–2009 1346 87 6.46 (5.27–7.92) 292 21.69 (19.6–24.01) 36 2.67 (1.94–3.69) 218 16.2 (14.34–18.29)
2010–2017 1828 128 7 (5.92–8.28) 445 24.34 (22.45–26.39) 43 2.35 (1.75–3.16) 294 16.08 (14.48–17.86)

Small cells (SC): number between 1 and 5, suppressed to maintain anonymity.

ACHD HF ACHD without HF

Accrual
time

Number of
people

30 day
event #

30 day
mortality

1 year
event #

1 year
mortality

30 day
event #

30 day
mortality

1 year
event #

1 year
mortality

1994–2001 1089 67 6.15 (4.88–7.76) 204 18.73 (16.55–21.2) SC SC 21 1.93 (1.26–2.95)
2002–2009 1251 82 6.55 (5.32–8.08) 247 19.74 (17.66–22.08) SC SC 21 1.68 (1.1–2.57)
2010–2017 1690 107 6.33 (5.27–7.61) 373 22.07 (20.18–24.14) SC SC 50 2.96 (2.25–3.89)

Appendix 3

Mortality for ACHD patients with and without heart failure by accrual time

Appendix 4

Crude mortality for HF patients with and without ACHD by accrual time
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