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BACKGROUND: Quality of Life (Qol) is a prognostic factor in heart failure (HF) of patients with acquired cardiac disease. The aim
of this study was to determine the predictive value of QoL on outcomes in adults with congenital heart disease (ACHD) and HF.

METHODS AND RESULTS: Quality of life of 196 adults with congenital heart disease with clinical heart failure (HF) (mean age:
44.3+13.8years; 51% male; 56% with complex congenital heart disease; 47% New York Heart Association class Ill/IV) included
in the prospective multicentric registry FRESH-ACHD (French Survey on Heart Failure—Adult with Congenital Heart Disease)
was assessed using the 36-ltem Short Form Survey (SF-36), a patient-reported survey. The primary end point was defined by
all-cause death, HF-related hospitalization, heart transplantation, and mechanical circulatory support. At 12 months, 28 (14%)
patients reached the combined end point. Patients with low quality of life experienced major adverse events more frequently
(logrank P=0.013). On univariate analysis, lower score at physical functioning (hazard ratio [HR], 0.98 [95% ClI, 0.97-0.99];
P=0.008), role limitations related to physical health (HR, 0.98 [95% CI, 0.97-0.99]; P=0.008), and general health dimensions
of the SF-36 (HR, 0.97 [95% ClI, 0.95-0.99]; P=0.002) were significantly predictive of cardiovascular events. However, after
multivariable analysis, SF-36 dimensions were no longer significantly associated with the primary end point.

CONCLUSIONS: Patients with congenital heart disease with HF and poor quality of life experience severe events more frequently,
making quality of life assessment and rehabilitation programs essential to alter their trajectory.
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CHD lesion characteristics have been already identi-
fied as predictors of HF-related adverse outcomes.*
HF is also known to have a negative impact on quality

children with congenital heart disease (CHD) over

As a result of major advances in the management of
the past 5 decades, most children with CHD reach

adulthood, and the population of adults with congenital
heart disease (ACHD) is exponentially growing.! Heart
failure (HF) is the most common complication in ACHD
and has become the leading cause of premature death,
accounting for 17% to 26% of all deaths.?*

Some predictors such as brain natriuretic peptide
(BNP), New York Heart Association (NYHA) class, and

of life (QoL),%® and several studies have demonstrated
a significant association between poor QoL and sur-
vival among patients with HF in acquired cardiovas-
cular disease.”® Moreover, a recent prospective study
found that improvement in QoL was independently as-
sociated with decreased mortality and a reduced risk
of HF hospitalization.®

Correspondence to: Reaksmei Ly, MD, Adult Congenital Heart Disease Unit, Hopital Européen Georges Pompidou, Centre de référence des Malformations
Cardiaques Congénitales Complexes, Assistance Publique a Hopitaux de Paris, Paris University, Paris, France. Email: reaksmei@hotmail.fr

For Sources of Funding and Disclosures, see page 8.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2023;12:e027819. DOI: 10.1161/JAHA.122.027819


https://orcid.org/0000-0001-5756-8105
mailto:
https://orcid.org/0000-0003-3649-0294
https://orcid.org/0000-0001-9956-9341
https://orcid.org/0000-0002-1048-7081
https://orcid.org/0000-0002-2061-1437
https://orcid.org/0000-0002-5780-2333
https://orcid.org/0000-0002-8695-0503
https://orcid.org/0000-0002-4325-3521
mailto:reaksmei@hotmail.fr
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Lyetal

CLINICAL PERSPECTIVE

What Is New?

e We determined the predictive value of quality
of life on outcomes among adult patients with
congenital heart disease and heart failure.

e At 12 months of follow-up, patients with low
quality of life (SF-36 score <30) experienced
major adverse cardiovascular events more fre-
quently, which was predominantly heart failure—
related rehospitalization.

e After adjustment for confounding factors (eg,
chronic renal failure, pulmonary arterial hyper-
tension, New York Heart Association class Ill-1V,
and brain natriuretic peptide >360ng/L), quality
of life scores were no longer significantly asso-
ciated with the primary end point.

What Are the Clinical Implications?

e Quality of life should be considered as a sur-
rogate end point of heart failure treatment in
adult patients with congenital heart disease and
in trials involving patients with congenital heart
disease and heart failure.

Nonstandard Abbreviations and Acronyms

Comité Consultatif sur
le Traitement de
I'Information en matiere
de Recherche dans le
domaine de la Santé
Commission National
Informatique et Liberté
French Survey on Heart
Failure — Adult with
Congenital Heart
Disease

CCTIRS

CNIL

FRESH-ACHD cohort

RLPE role limitations due to
emotional problems
RLPH role limitations due to

physical health

A potential association between QoL and adverse
outcomes has never been investigated in ACHD with
HF. However, QoL is an important determinant in this
population and can be improved by a variety of med-
ical, surgical, and nonpharmacological interventions,
including exercise training'®'" and cardiac rehabilita-
tion.”? Therefore, we sought to assess clinical charac-
teristics of patients with low QoL and to determine the
predictive value of QoL on outcomes in patients with
ACHD and HF.
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METHODS

The data will not be made available to other research-
ers for purposes of reproducing the results or replicat-
ing the procedure.

Study Design

Data were collected from the FRESH-ACHD cohort
(French Survey on Heart Failure — Adult with Congenital
Heart Disease; NCT01956539). FRESH-ACHD is a
multicenter, prospective observational study on HF
in ACHD. Between 2017 and 2019, 339 patients from
14 French tertiary centers were enrolled and were fol-
lowed for 1year after their inclusion. Inclusion criteria
were the following: patient >18years old, with underly-
ing CHD, and affected by acute or chronic HF. Acute
HF was defined as hospitalization for clinical HF, or in-
troduction/augmentation of diuretic therapy for clinical
signs and symptoms of HF.'® Chronic HF was defined
by the association of 2 of the following criteria: NYHA
class =ll or significant decrease in peak oxygen con-
sumption at cardiopulmonary exercise test, significant
increase in BNP or NT-proBNP (N-terminal pro-B-type
natriuretic peptide),'* and decreased systemic ventric-
ular ejection fraction <50%. Fontan circulatory failure
with respect to the recent consensual definition' was
also qualified as chronic HF.

The study complies with the Declaration of Helsinki,
and ethical or research committee approval was ob-
tained in each contributing center. All patients were
included after information and signature of the con-
sent. The study protocol was approved by the CNIL
(Commission National Informatique et Liberté) and by
the CCTIRS (Comité Consultatif sur le Traitement de
I'Information en matiere de Recherche dans le do-
maine de la Santé).

Clinical Data

Data were independently collected at each participat-
ing center using uniform methodology. The patients’
medical records were reviewed to collect demographic
information, medical, and surgical details. Baseline
data including clinical data, 12-lead electrocardiog-
raphy, echocardiography, cardiopulmonary exercise
test, QoL score were obtained at patient inclusion.
Standard biological markers (blood cell count, iono-
gram, urea, and creatining), and BNP levels were
measured at baseline.

CHD complexity was classified according to the
classification reported in the European guideline on
management of ACHD.'®'" Chronic renal failure was
defined as the presence of kidney damage or an
estimated glomerular filtration rate <60mL/min per
1.73 m?, persisting for >3 months. Pulmonary arte-
rial hypertension (PAH) was noted in the presence
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of Eisenmenger syndrome or when precapillary pul-
monary hypertension was invasively confirmed ac-
cording to European Society of Cardiology (ESC)
guidelines.'”® Systemic ventricular systolic function
was assessed by transthoracic echocardiography fol-
lowing consensus recommendations.!® Systemic left
ventricular ejection fraction was assessed quantita-
tively by the biplane Simpson method, systemic right
ventricle by fractional area change, tricuspid annular
plane systolic excursion, tissue Doppler velocity of the
basal free wall (S’), and qualitatively by visual assess-
ment from multiple views. The final conclusion was
made taking into account both visual assessment and
quantitative parameters. Reduced ejection fraction
was considered when left ventricular ejection frac-
tion <40% and when systemic right ventricle or single
ventricle function was estimated to be moderately to
severely impaired.

QoL was assessed at baseline by 36-ltem Short
Form scoring (SF-36), with the scaling system of the
MOS (Medical Outcome Study) SF-36. The SF-36
questionnaire was completed by the patients at the
outpatient clinic on a paper form. SF-36 is a self-
report questionnaire of general health status with 36-
item questionnaires. A higher score indicates a better
health-related QoL..?° All but the second of the 36 items
in the SF-36 are aggregated into 8 multi-item scales:
physical functioning, role limitations because of physi-
cal health, role limitations because of emotional prob-
lems, energy, emotional well-being, social functioning,
pain, and general health. In the present study, the O to
100 scoring algorithm was used.

The primary composite end point was defined by
all-cause mortality, rehospitalization for acute HF, heart
transplantation, and mechanical circulatory support
implantation during the follow-up.

Statistical Analysis

Continuous data were presented as mean values and
SD if normally distributed or median with interquar-
tile range (25%-75%) if skewed. Categorical variables
were presented as frequencies and percentages.

The internal consistency of the SF-36 question-
naire was evaluated by measurement of Cronbach’s
alpha and its 95% CI. Patient characteristics were
compared between tertiles of Qol-score such as in
the Hoekstra et al study,® which evaluated QoL asso-
ciation with long-term mortality in a well-defined HF
population. Groups were defined as group with low
(SF-36 score <30), mid (SF-36 score 33 to 55), and
high (SF-36 score >55) QoL. Continuous variables of
these 3 groups were compared using 1-way ANOVA or
Kruskal-Wallis nonparametric test. Unpaired compari-
sons were performed with the use of the ¥ test or the
Fisher exact test for categorical data, as appropriate.
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Cardiovascular events (defined by all-cause mor-
tality, rehospitalization for acute HF, heart transplanta-
tion, and mechanical circulatory support implantation)
were plotted with the Kaplan—Meier method and com-
pared between low, mid, and high QoL groups using
the logrank test. Patients lost to follow-up were cen-
sored. Univariate analysis with Cox proportional haz-
ards model was used to investigate the association
between QoL at inclusion as continuous variable, as
well as each of the 8 dimensions of SF-36, and the
primary end point. We repeated analysis, adjusting for
confounding variables, which were significant and as-
sociated with the primary end point (P<0.05) on uni-
variate analysis; they were; previous renal failure, PAH,
NYHA 1lI/IV, and BNP >360ng/L. The assumption of
proportionality was examined for each variable using
the Schoenfeld residuals test.

All statistical analysis was 2-tailed, and a P
value <0.05 was considered statistically significant.
Statistical analyses were performed using STATA soft-
ware (StataCorp. 2021. Stata: Release 17. Statistical
Software, College Station, TX: StataCorp LLC).

RESULTS

Study Population

Among 339 patients included in the FRESH-ACHD
study, 196 patients (57.8%) were assessed with the SF-
36 questionnaire at inclusion and constituted our study
population. Characteristics of patients with and with-
out SF-36 completion were not significantly different
(Table S1) except for HF treatment, which was signifi-
cantly more often reported in the group with available
SF-36 data. Cronbach’s alpha was estimated at 0.86
(95% Cl, 0.82-0.89), suggesting a good internal con-
sistency for assessment of QoL among patients with
ACHD and HF. Characteristics at baseline are summa-
rized in Table 1. Congenital heart defects were mainly
moderate (35%) and complex (56%). NYHA functional
class was >ll in 88 (47%) patients, systemic ejection
fraction was reduced (<40%) in 54 (28%), and 35 (18%)
patients had a failing Fontan.

Patients characteristics at baseline were not signifi-
cantly different among the 3 groups of QoL except NYHA
functional class, which was significantly higher in patients
with low QoL: NYHA functional class was llI/IV in 69% of
patients with low QoL 45% in patients with mid QoL, and
27% in patients with high QoL (P<0.001, Table 1).

QoL and Prognosis Factors

At 12 months, the follow-up data were complete for all
the patients included, except for 20 who were lost to fol-
low-up (3 patients had no follow-up data available, 6 were
lost to follow-up after 8 or 9 months of follow-up, and 11
were lost to follow-up during the 11th month). The survival
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Table 1.

QoL and Outcomes in ACHD and Heart Failure

Patients Characteristics at Baseline and Major Clinical Events During 1-Year of Follow-Up

Mid QoL (30-55)

Total (n=196) Low QoL (<30) (n=53) (n=95) High QoL (>55) (n=48) P value
Demographics
Age, y 44.3 (£13.8)* 46.5 (£14.0) 43.4 (+13.6) 43.6 (+14.1) 0.397
Male, n (%) 100 (51) 23 (43) 48 (51) 29 (60) 0.230
Medical history
Congenital heart disease
Simple 17 (9) 4(8) 10 (11) 3 (6) 0.595
Moderate 69 (35) 23 (43) 29 (31) 17 (35)
Complex 109 (56) 26 (49) 55 (58) 28 (58)
Previous cardiac 167 (85) 46 (87) 81 (85) 40 (83) 0.887
surgery
Renal failure 9 (5) 5(9) 4.(4) 0(0) 0.065
COPD 8 (4) 4(8) 1(1) 3(6) 0.069
PAH 35 (18) 13 (25) 15 (16) 5 (15) 0.327
Diabetes 9 (5) 5(9) 3(3) 12 0.195
History of 61 (54) 20 (67) 28 (51) 13 (48) 0.284
heart failure
hospitalization
Depression 17 (9) 9 (17) 6 (7) 24 0.054
Clinical characteristics
BMI, kg/m? 24.8 (+6.0) 25.4 (+6.0) 24.5 (£5.7) 24.6 (£6.5) 0.632
NYHA class p for llI/IV vs others: <0.001
| 23 (12) 2(4) 12 (13) 9 (19)
Il 77 (41) 14 (27) 38 (42) 25 (53)
1l 70 (37) 27 (53) 32 (36) 11 (23)
% 18 (10) 8 (16) 8(9) 2 (4)
Systolic blood 17 (£17) 116 (17) 116 (+18) 118 (£17) 0.856
pressure, mmHg
Diastolic blood 67 (+12) 65 (+13) 68 (£12) 68 (+12) 0.153
pressure, mmHg
Heart rate, bpm 77 (£19) 76 (+18) 78 (+17) 77 (£22) 0.773
Sodium, mmol/L 139 (£3) 139 (+3) 139 (2 138 (£3) 0.482
BNP, ng/L 220 [129-507]" 274 [150-619] 203 [115-463] 212 [127-413] 0.285
GFR, MDRD 90 (32 86 (+33) 92 (32) 92 (£32) 0.469
Hemoglobin 14.0 (x2.7) 13.8 (£2.7) 141 (x2.9) 141 (x2.5) 0.818
VEF, % 46.6 (+11.6) 44.2 (£10.4) 46.6 (£12.4) 48.7 (+11.1) 0.286
Medication at the time of the inclusion
Loop diuretics 113 (59) 34 (64) 55 (60) 24 (50) 0.323
ACE inhibitors 82 (43) 18 (34) 42 (46) 22 (46) 0.318
B-blockers 120 (63) 32 (60) 60 (66) 28 (58) 0.633
1-y events
Rehospitalization for 18 (9) 10 (19) 6 (6) 2(4) 0.023
heart failure
Death (5) 4(8) 5(5) 0(0) 0.176
Heart transplantation | 2 (1) 0) 22 0 (0) 0.498
Mechanical circulatory | 1 (1) 0) 1(1) 0 (0) 1.000
support implantation
Composite end pointt | 28 (14) 13 (25) 13 (14) 24 0.014

ACE indicates angiotensin-conversion enzyme; BMI, body mass index; BNP,
pulmonary disease; EF, ejection fraction; GFR, glomerular filtration rate; HF, heart failure; MDRD, modification of diet in renal disease; NYHA, New York Heart

brain natriuretic peptide;

Association; QolL, quality of life; PAH, pulmonary arterial hypertension; and VEF, ventricular ejection fraction.

*Mean (+SD).

TMedian [interquartile range].
#Death or transplantation or HF hospitalization or circulatory support.

J Am Heart Assoc. 2023;12:e027819. DOI: 10.1161/JAHA.122.027819

bpm, beats per minute; COPD, chronic obstructive
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curve with censored data is shown in Figure S1). Twenty-
eight (14%) patients reached the primary end point.
Rehospitalization for HF was the most common event,
accounting for 64% of primary end points. Cumulative
incidence of mortality at 1 year was 5%. Patients with
low QoL experienced severe cardiovascular events more
frequently (Figure, logrank P=0.013), which was pre-
dominantly HF-related rehospitalization (Table 1). Table 2
shows associations between baseline characteristics
and primary end points. Chronic renal failure, PAH, high
NYHA functional classes, and high BNP were predictive
factors of the composite end point (P<0.04; Table 2).
Among SF-36 dimensions, lower physical functioning
(hazard ratio [HR], 0.98 [95% CI, 0.97-0.99]; P=0.008),
role physical (HR, 0.98 [95% ClI, 0.97-0.99]; P=0.008),
and general health scores (HR, 0.97 [95% CI, 0.95-0.99;
P=0.002) were significantly predictive of primary end
points on univariate analysis but were not after adjust-
ment for confounding factors, which were chronic renal
failure, PAH, NYHA 1II-IV, and BNP >360ng/L (Table 3).

DISCUSSION

To our knowledge, this is the first study that evalu-
ates QoL in ACHD patients with HF. We showed
that worse events occurred in patients with low QoL
scores. Low levels of physical functioning and general
health dimensions were significantly associated with
1-year adverse events in patients with ACHD and HF,
including death, rehospitalization for acute HF, heart

QoL and Outcomes in ACHD and Heart Failure

transplantation, and mechanical circulatory support
implantation. Indeed, at 1 year, a significant propor-
tion of patients reached the combined end point (14%),
essentially patients rehospitalized for acute HF. Poor
QoL was associated with worse outcomes; however,
patient comorbidities remained the most important risk
factors for severe cardiac events in CHD-related HF.

In patients with HF and acquired heart disease,
health-related QolL, notably poor physical health sta-
tus, predicts mortality and congestive HF-related hos-
pitalizations.>®2" The prognostic value of QoL in ACHD
was rarely investigated, except in the Blok et al study
that showed decrease in SF-36—Physical component
summary, following initiation of PAH-specific therapy
in patients with PAH associated with CHD, which was
a determinant of mortality.?> Consequently, it is cru-
cial to consider QoL as a surrogate end point of HF
treatment, and cardiac rehabilitation programs may
positively impact outcomes in patients with CHD and
HF. Indeed, if their general condition improves, as il-
lustrated by QoL improvement, we might expect a de-
crease in mortality and morbidities in these patients.

Since the past 2 decades, clinical trials in conges-
tive HF are increasingly demonstrating that cardiac re-
habilitation improves results in functional capacity and
reduces clinical severity.?>?* In contrast, in the CHD
spectrum, only 2 randomized studies evaluated cardiac
rehabilitation efficiency on QolL. Dulfer et al showed
that aerobic exercise improved health-related QoL in
patients with Tetralogy of Fallot or Fontan circulation,

1

Composite end point

h“&.._

1 1 1 1

Survival
0.00 0.20 0.40 0.60 0.80 1.00

P=0.013

Number at risk
v=Low QoL 53
v=Mid QoL 95

v = High QoL 48

49 48 46 44
93 91 87 87
46 46 46 46

T T T T

5 6l S7: 8= 'i9 10 11 12
Time (months)

43 43 43 42 41 40 39 26
87 87 8 85 81 79 78 53
46 46 46 46 45 44 44 AN

T T T

v = Low QoL
v = High QoL

v = Mid QoL

Figure.

Freedom from the primary end point defined by all-cause mortality,

rehospitalization for acute heart failure, heart transplantation, and mechanical

circulatory support implantation.

Kaplan—-Meier survival curves for freedom from the primary end point are plotted and
compared according to the group of quality of life. Patients with low QoL experienced
severe cardiovascular events more frequently (logrank P=0.013). QoL indicates quality

of life.
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Table 2. Factors Associated With the Primary End Point

QoL and Outcomes in ACHD and Heart Failure

Univariate analysis Multivariable analysis
Crude HR 95% Cl P value HR 95% ClI P value
Demographics
Age (y) 1.04 1.01-1.06 0.006
Male, % 1.28 0.61-2.71 0.514
Medical history
Complex congenital heart 0.57 0.27-1.20 0.140
disease
Previous cardiac surgery 0.79 0.30-2.08 0.631
Previous renal failure 5.35 2.08-14.12 0.001 3.02 110-8.34 0.033
COPD 175 0.42-7.39 0.444
PAH 2.63 119-5.82 0.017 277 1.21-6.33 0.016
Diabetes 0.7 0.10-5.20 0.733
History of heart failure 0.83 0.31-2.21 0.712
hospitalization
Depression 1.26 0.38-4.16 0.709
Clinical characteristics
BMI, kg/m? 1.00 0.93-1.06 0.898
NYHA class llI-IV 7.36 2.55-21.30 <0.001 5.20 1.76-15.41 0.003
Systolic blood pressure, 0.99 0.97-1.01 0.428
mmHg
Diastolic blood pressure, 0.99 0.96-1.02 0.661
mmHg
Heartbeat, bpm 1.01 0.99-1.03 0.136
Sodium, mmol/L 0.86 0.78-0.96 0.007
GFR, mL/min per 1.73 m?, 0.98 0.96-0.99 0.008
MDRD
BNP >360 ng/L (tertile 3) 3.29 1.63-7.10 0.002 2.51 1.14-5.53 0.022
Hemoglobin 0.89 0.77-1.04 0.139
Systemic ventricular EF, % 0.99 0.95-1.02 0.448
Medication at the time of the inclusion
Loop diuretics 3.40 1.29-8.99 0.013
ACE inhibitors 0.55 0.24-1.25 0.151
B-blockers 0.53 0.25-1.13 0.102

ACE indicates angiotensin-conversion enzyme; BMI, body mass index; BNP, brain natriuretic peptide; COPD, chronic obstructive pulmonary disease; EF,
ejection fraction; GFR, glomerular filtration rate; HR, hazard ratio; MDRD, modification of diet in renal disease; NYHA, New York Heart Association; and PAH,

pulmonary arterial hypertension.

but this clinical trial included only children.?® Novakovic
et al demonstrated in a randomized trial that continu-
0us exercise training improved cardiac autonomic func-
tion and QoL in adults with a tetralogy of Fallot repair.?®
Moreover, several observational studies also showed
that implementation of a cardiac rehabilitation program
improve physical capacity, exercise tolerance, and QoL
in patients with CHD including patients with complex
CHD."?728 |nterestingly, CHD complexity did not con-
tribute to the variability in QoL, which is consistent with
other studies.?®* However, all of these studies did not
include any patients with ACHD and HF.

A variety of medical, surgical, and nonpharmaco-
logical interventions can help to maintain or improve
QoL in patients with HF. Among nonpharmacological

J Am Heart Assoc. 2023;12:e027819. DOI: 10.1161/JAHA.122.027819

interventions, besides exercise training and cardiac re-
habilitation,'%? self-care interventions and treatment of
depression may improve QoL in ACHD with HF. Indeed,
depression is associated with a higher risk of death or
rehospitalization in patients affected by HF*' and ACHD,
who have have a higher probability of experiencing
symptoms consistent with mood and anxiety disorders,
and depression.®? Standardized screening pathways for
depression in patients with CHD-related HF may offer
the potential for early identification and optimal manage-
ment of depression to improve QoL and outcomes.
Patients with impaired QoL had a worse NYHA
functional class. Nevertheless, we noted that 27%
of patients with high QoL scores were in class lll/IV
NYHA despite statistical significance. This reveals how
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Table 3. Univariate and Multivariable Analysis of Quality of Life Scores and Primary End Point

Univariate analysis Multivariable analysis
HR (95% ClI) P value Adjusted HR (95% Cl) P value
SF-36

Physical 0.98 (0.97-0.99) 0.008 1.00 (0.98-1.01) 0.715
RLPH 0.98 (0.97-0.99) 0.008 0.99 (0.97-1.00) 0.136
RLEP 1.00 (0.99-1.01) 0.445 1.00 (0.99-1.01) 0.699
Energy 0.99 (0.97-1.00) 0.139 1.00 (0.98-1.03) 0.725
Emotion 1.01 (0.99-1.03) 0.418 1.02 (1.00-1.04) 0.103
Social 1.00 (0.99-1.01) 0.876 1.01 (1.00-1.03) 0.124
Pain 0.99 (0.98-1.00) 0.156 1.00 (0.99-1.02) 0.691
General 0.97 (0.95-0.99) 0.002 0.99 (0.97-1.01) 0.195

For multivariable analysis, quality of life scores were adjusted for patient characteristics found to be significant and related to mortality (see Table 2); they
were history of renal failure, history of pulmonary arterial hypertension, NYHA class IlI-IV, and BNP >360ng/L. BNP indicates brain natriuretic peptide; HR,
hazard ratio; NYHA, New York Heart Association; RLEP, role limitations due to emotional problems; RLPH, role limitations due to physical health; and SF-36,

36-Item Short Form.

assessing NYHA but also perception of QoL, even with
a questionnaire, may be subjective in ACHD.

After adjustment for confounding variables, QoL was
no more significantly predictive of primary outcomes.
The severity of the patient’s condition influences the
baseline scores of most investigated components of
QoL, mainly with regard to the physical components,
which may explain the significant relationship between
physical functioning and role physical with the primary
end point on univariate analysis. However, the mag-
nitude of changes for QoL in patients with HF-related
CHD is moderate®3 and may explain why QoL had a
lower association with major adverse clinical events
compared with markers of organ failure such as PAH,
NYHA functional class, renal failure, and BNP. Our re-
sults showed baseline characteristics did not allow the
identification of patients with worse QoL, except NYHA
functional class. Indeed, objective markers such as
BNP, renal function, and PAH did not significantly differ
between the 3 groups of QolL. This may also explain
why QoL was not found to be significantly associated
with primary outcomes on multivariable analysis.

CHD is, by definition, present from birth, and patients
adapt daily activities to their ability. As a consequence,
ACHD often have abnormal baseline cardiovascular func-
tion and are subject to lifelong adaptation to their cardiac
physiological derangement. Therefore, QoL evaluation in
adults with CHD-related HF may be quite different from
those with HF because of acquired heart disease. These
nuances highlight the need for serial evaluation of QoL in
ACHD at risk of HF and to develop adapted questionnaire
including this chronic constitutive cardiac condition.

Nevertheless, QoL is becoming an essential HF-
related outcome measures in many randomized con-
trolled trials,3+%% and is considered a key treatment
purpose in European guidelines for HF.'® Our results
suggest that QoL could be used as a surrogate in trials
involving patients with CHD and HF.

J Am Heart Assoc. 2023;12:e027819. DOI: 10.1161/JAHA.122.027819

This study has several limitations. The period of fol-
low-up was only 1year, which is a very short time for
predicting long-term events. Our study was conducted
in a relatively small number of patients (196 patients),
related to missing data for SF-36 questionnaires at in-
clusion, which may induce some bias and reduce the
power of the study. The study included only patients
followed in expert centers and may create center bias.
Another limitation was that peak VO, was not used in
univariate and multivariable analyses as a confounding
factor because 83% of data were missing. Peak VO,
(or maximum [max] rate [V] of oxygen [O,]) is known
to be correlated with QoL in CHD."" Moreover, several
studies showed that peak VO, was also a significant
predictor of survival in congestive HF as well as in
ACHD.36-38

CONCLUSIONS

In our study, clinical and biological factors, such as
PAH, NYHA functional class, renal dysfunction, and
BNP, were significant predictors of HF worsening and
death in ACHD-related HF. However, patients with a
low QoL more frequently experienced severe cardio-
vascular events. For this reason, QoL is an interesting
marker that should be part of the clinical evaluation of
ACHD patients with HF. The evaluation of QoL could
be considered as a therapeutic target of rehabilitation
programs in these patients.
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Supplemental Methods

Definitions of outcomes from the CORONARY trial

Total mortality: all causes of death.

Repeated coronary revascularization: new CABG procedure or PCIl associated with

documented ischemia by stress testing (ECG, echocardiography, or nuclear) and graft
failure or new culprit lesion (= 70% luminal stenosis).

Recurrence of angina: new onset of typical chest angina with documented ischemia

by stress testing (ECG, echocardiography, or nuclear) or persistence of CCS grade
=2 angina after the surgery.

Cardiovascular death: all deaths in the first 30 days are considered to be

cardiovascular deaths.



Table S1. Causes of readmission (considering not only first readmission).

Cause N %
Gastrointestinal 201 4.4
Congestive heart failure 138 | 3.0
PCI 111 2.4
Cancer 108 | 2.4
Genito-urinary 103 | 2.3
Pneumonia 101 | 2.2
Ischemic leg 83 | 1.8
Angina 76 | 1.7
Respiratory 75 | 1.6
Sepsis 69 |15
Diabetes 63 1.4
Other vascular disease 60 | 1.3
Sternal wound complications 47 | 1.0
Pacemaker 46 | 1.0
Trauma 46 | 1.0
Ophthalmology 44 | 1.0
Cardiac arrest 40 | 0.9
Superficial wound infection 39 |09
Hypotension/dizziness 38 0.8
Supraventricular arrhythmias 37 0.8
Weakness 35 /0.8
Chest wall pain (noncardiac) 31 |07
Abdominal Aortic Aneurysm 29 0.6
Carotid disease 29 0.6
Pulmonary embolism 23 |05
Transient ischemic attack 19 |04
Hematology 19 04
Ear, Nose, Throat 17 104
Implantable cardioverter 15 /0.3
Aorto-iliac vascular disease 15 0.3
Psychiatry 13 |0.3
CABG 13 0.3
Cardioversion 11 0.2
Ventricular arrhythmias 9 0.2
Pericardial effusion 7 0.2
Other 697 | 15.2




Table S2. Estimates of the association between patient characteristics and all-
cause readmission using a multivariable Cox regression model adjusted for

patients’ characteristics considering the interaction between sex and off-pump

surgery.

Predictors Hazard ratio | 95% confidence interval | p-value
Sex*Off-pump 1.17 0.89 -1.53 0.269
Age 1.04 1.03-1.05 <0.001
BMI 1.05 1.04 -1.06 <0.001
Previous Mi 1.17 1.04 -1.32 0.012
Previous PCI 1.23 1.04-1.45 0.014
Previous stroke 1.34 1.11-1.61 0.002
Peripheral artery disease 1.86 1.56-2.21 <0.001
Smoking:

Never smoker Ref Ref

Recent smoker 1.32 1.13-1.54 <0.001

Former smoker 1.44 1.26 - 1.65 <0.001
Diabetes 1.17 1.05-1.32 0.007
Dialysis 1.28 0.87 —1.90 0.209
Heart Failure 1.30 1.05-1.60 0.015
Hypertension 1.39 1.19-1.62 <0.001
Preoperative AF 1.23 0.94-1.61 0.122
LVEF:

<34% Ref Ref

35-49% 0.88 0.67-1.15 0.341

250% 0.80 0.61-1.03 0.086
EuroSCORE: Ref Ref

=5

3-5 1.13 0.97 -1.32 0.108

0-2 1.00 0.81-1.24 0.972
Elective surgery 0.65 0.58-0.73 <0.001
Left main disease 1.13 1.00-1.29 0.058

AF, atrial fibrillation; BMI, body mass index; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; PCI, percutaneous coronary intervention.



Table S3. Characteristics of patients not readmitted vs readmitted for cardiac

causes.
Characteristic Not readmitted, Readmitted, p-valuet
N = 4,285 N = 3387

Age, years 67 (62, 72) 70 (64, 74) <0.001
Men 3,487 (81%) 262 (78%) 0.081
BMI, kg/m? 26.3 (23.7, 29.1) 27.3 (24.7, 30.4) <0.001
Previous Mi 1,431 (34%) 162 (49%) <0.001
Previous PCI 393 (9.3%) 59 (18%) <0.001
Previous stroke 290 (6.9%) 44 (13%) <0.001
Peripheral artery 324 (7.7%) 47 (14%) <0.001
disease
Smoking history: <0.001

Never smoked 1,994 (47%) 129 (39%)

Recent smoker 1,058 (25%) 70 (21%)

Former smoker 1,173 (28%) 130 (40%)
Diabetes 2,010 (47%) 161 (48%) 0.843
Renal failure on 52 (1.2%) 9 (2.8%) 0.039
dialysis
Heart failure 225 (5.3%) 54 (16%) <0.001
Hypertension 3,214 (75%) 285 (85%) <0.001
Preoperative AF 96 (2.3%) 29 (8.9%) <0.001
LVEF: <0.001

<34% 194 (4.6%) 33 (10%)

35-49% 973 (23%) 96 (29%)

>50% 198 (61%)

3,022 (72%)

EuroSCORE: <0.001

=5 684 (16%) 99 (30%)

3-5 2,281 (54%) 178 (54%)

0-2 1,264 (30%) 55 (17%)
Elective surgery 2,624 (62%) 167 (50%) <0.001
Left main disease 895 (21%) 85 (26%) 0.049

Median (IQR); n (%)

#¥Wilcoxon rank sum test; Pearson's Chi-squared test; Fisher's exact test

AF, atrial fibrillation; BMI, body mass index; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; PCI, percutaneous coronary intervention.




Table S4. Estimates of the association between patient characteristics and
cardiac readmission using a multivariable Cox regression model adjusted for

patients’ characteristics considering the interaction between sex and off-pump

surgery.
Predictors Hazard 95% confidence
; , p-value
ratio interval
Sex*Off-pump 1.16 0.67 —2.00 0.608
Age 1.05 1.03-1.07 <0.001
BMI 1.05 1.02 -1.07 <0.001
Previous Ml 1.36 1.07-1.73 0.012
Previous PCI 1.57 1.16 —2.12 0.003
Previous stroke 1.78 1.28 — 2.50 0.001
Peripheral artery disease 1.80 1.28-2.54 0.001
Smoking:
Never smoker
Recent smoker 1.12 0.81 -1.55 0.491
Former smoker 1.37 1.05-1.79 0.021
Diabetes 1.12 0.88-1.42 0.350
Dialysis 1.11 0.53-2.34 0.775
Heart Failure 1.86 1.32-2.61 <0.001
Hypertension 1.46 1.06 — 2.01 0.020
Preoperative AF 2.21 1.47 -3.31 <0.001
LVEF:
<34% Ref Ref
35-49% 0.61 0.40 -0.93 0.023
250% 0.44 0.29 — 0.66 <0.001
EuroSCORE:
=5 Ref Ref
3-5 1.06 0.79-1.42 0.692
0-2 0.91 0.60 —1.40 0.684
Elective surgery 0.65 0.52-0.83 <0.001
Left main disease 1.15 0.89-1.48 0.304

AF, atrial fibrillation; BMI, body mass index; LVEF, left ventricular ejection fraction;
MI, myocardial infarction; PCI, percutaneous coronary intervention.



Figure S1. Cumulative incidence of all-cause readmission in men vs women.
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Figure S2. Cumulative incidence of readmission due to cardiac causes in men

VS women.
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Figure S3. Correlation of all-cause readmission with long-term all-cause

mortality (A) and long-term cardiovascular mortality (B); correlation of cardiac

readmission with long-term all-cause mortality (C) and long-term cardiovascular

mortality (D).
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