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Quality of life; Introduction: The management of congenital heart disease (CHD) has evolved, improving
Heart defects, patient outcomes; however, challenges persist for patients, emphasizing the importance of
congenital; assessing health-related quality of life (HRQoL). The widely used Pediatric Quality of Life Inven-
Paediatrics; tory underscores the relevance of HRQoL assessment, especially in children subject to medical
Haemodynamics; procedures.

Cardiology Objective: To evaluate HRQoL in children with congenital heart disease undergoing cardiac

catheterization, analysing its association with clinical and sociodemographic variables in a
tertiary care hospital.

Materials and methods: We conducted a cross-sectional study in paediatric patients aged 2-18
years undergoing haemodynamic procedures for congenital heart diseases. We used the Pedi-
atric Quality of Life Inventory (PedsQL) to assess HRQoL. The statistical analysis included
descriptive statistics, x? tests, Kruskal-Wallis tests and multivariate linear regression analysis
with the aim of identifying factors associated with HRQoL.

Results: The sample included 164 patients, among whom pulmonary atresia and patent ductus
arteriosus were frequent diagnoses. Physical functioning and school functioning were significan-
tly impaired, with median scores of 32.14 (IQR, 17.14-62.87) and 56 (IQR, 28-88), respectively.
The results were more favourable for emotional functioning and social functioning, with median
scores of 62 (IQR, 32-74) and 68 (IQR, 44-100), respectively. Single ventricle defects and pul-
monary atresia were associated with lower quality of life scores in emotional functioning (P =
.035) and physical functioning (P = .048), respectively.
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Introduction

Conclusion: This study highlights the current challenges in evaluating HRQoL for children with
CHD. It identified significant associations between specific diagnoses and decreased HRQoL
scores, emphasizing the need for comprehensive care strategies.

© 2024 Published by Elsevier Espana, S.L.U. on behalf of Asociacion Espafola de Pediatria.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Impacto fisico, social y emocional en pacientes con cardiopatia congénita sometidos
a cateterismo cardiaco

Resumen

Introduccion: Elmanejo de la cardiopatia congénita (CC) ha evolucionado, mejorando el pronos-
tico, pero persisten desafios para los pacientes, subrayando la importancia de evaluar la calidad
de vida relacionada con la salud (CVRS). El cuestionario de calidad de vida pediatrica PedsQL,
ampliamente utilizado, resalta la relevancia de la evaluacion de CVRS, especialmente en nifos
sometidos a intervenciones médicas.

Objetivo: Evaluar la CVRS de nifos con cardiopatia congénita sometidos a cateterismo cardiaco,
examinando su relacion con variables clinicas y sociodemograficas en una institucion de alta
complejidad.

Materiales y métodos: Se llevo a cabo un estudio transversal en pacientes pediatricos de 2 a 18
afos sometidos a cateterismo para patologias congénitas. Se utilizé el cuestionario de calidad
de vida pediatrica PedsQL para evaluar la CVRS. El analisis estadistico incluy6 estadisticas
descriptivas, pruebas de chi-cuadrado, pruebas de Kruskal-Wallis y modelos de regresion lineal
multivariante con el objetivo de identificar factores asociados.

Resultados: El estudio involucré a 164 pacientes, y la atresia pulmonar y ductus arterioso siendo
diagnosticos comunes. La actividad fisica y la escolarizacion se vieron significativamente afec-
tadas, con puntuaciones medianas de 32,14 (IR 17,14-62,87) y 56 (IR 28 - 88), respectivamente.
El estado emocional y la actividad social mostraron mejores resultados, con puntuaciones medi-
anas de 62 (IR 32-74) y 68 (IR 44-100), respectivamente. El diagnoéstico de ventriculo Unico y
la atresia pulmonar se asociaron con puntuaciones mas bajas de calidad de vida en el estado
emocional (p = 0,035) y la funcion fisica (p = 0.048), respectivamente.

Conclusion: Este estudio subraya los desafios continuos en la evaluacion de la CVRS para ninos
con CC. Destaca asociaciones significativas entre diagnosticos especificos y puntuaciones dis-
minuidas de CVRS, enfatizando la necesidad de estrategias de atencion integral.

© 2024 Publicado por Elsevier Espana, S.L.U. a nombre de Asociacion Espanola de Pediatria.
Este es un articulo Open Access bajo la CC BY-NC-ND licencia (http://creativecommons.org/
licencias/by-nc-nd/4.0/).

the prognosis for infants diagnosed with CHD has markedly
improved. Currently, 96% of newborns who survive their first

Congenital heart disease (CHD) is a term encompassing sig-
nificant structural abnormalities of the heart or thoracic
great vessels present at birth that may have functional
implications." It is the most prevalent type of congenital
disease and its incidence is of approximately 10-12 cases
per 1000 live births.? It is also the leading cause of infant
mortality among the birth defects.® However, the landscape
of CHD management has evolved drastically. Advancements
in cardiovascular knowledge and the relentless pursuit of
novel diagnostic, interventional, and surgical approaches
have revolutionized patient care.* Still, the severity of con-
genital heart disease dictates its prognosis, and affected
patients face complications of varying degree.’

Variations in the severity of CHD, coupled with inconsis-
tencies in its definition across studies, give rise to significant
heterogeneity in the estimates of its incidence, ranging from
4 to 50 cases per 1000 live births.¢ Despite these challenges,

year with CHD are expected to reach the age of 16.” The
median age of patients with severe CHD has increased from
11 years in 1985 to 17 years in 2000, and the overall median
age at death has increased from 37 years in 2002 to 57 years
in 2007.2 This positive trend is also marked by a substan-
tial decline in mortality among patients with CHD over the
past two decades, with reductions ranging between 50% and
70% depending on the specific defect. These findings evince
substantial progress in the management and treatment of
CHD, reflecting the effectiveness of advancements in medi-
cal care and interventions.’

Cardiac catheterization has emerged as a fundamen-
tal tool in the diagnosis and treatment of patients with
CHD. This technique allows a thorough evaluation of cardiac
anatomy and function, facilitating the detection of anoma-
lies and providing precise information to guide therapeutic
interventions.' It plays a crucial role in the management
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of cardiac diseases in paediatric patients by enabling min-
imally invasive therapeutic procedures, which can improve
their quality of life and long-term outcomes. It is partic-
ularly useful in patients with more complex conditions in
whom thorough evaluation and management are required. "’

Despite efforts to address the needs of these patients,
they may still encounter various barriers in their daily lives,
including difficulties in regular schooling, mobility restric-
tions, limitations in daily activities, changes in interpersonal
relationships with both parents and peers, and challenges
adapting to their circumstances including physical, psy-
chosocial, cognitive and emotional issues.'? Apart from
the inherent challenges posed by their underlying medical
condition, these patients face additional complexities due
to the impact on their quality of life across social, educa-
tional, and emotional domains. In this context, integrating
the assessment of quality of life emerges as a crucial com-
ponent of the medical care provided to these patients."
Over the past few decades, significant progress has been
made in the management of CHD, with nearly 95% of diag-
nosed children successfully transitioning into adolescence
and adulthood. However, adolescents with CHD experience
a decline in their health-related quality of life (HRQoL)."*

Health-related quality of life is a multidimensional and
subjective construct that encompasses various aspects of
wellbeing, including physical, social, and psychological
functioning. In the paediatric context, the assessment of
HRQoL emerges as an imperative need, extending beyond
the clinical domain to provide a comprehensive view
of the wellbeing of children and adolescents from the
perspective of either the patient or the parents.” Sev-
eral instruments have been developed for the purpose,
including the Child Health Questionnaire (CHQ),'® the KID-
SCREEN questionnaire,'” the Youth Quality of Life Instrument
(YQOL),"® the Child Health and Illness Profile (CHIP)" and
the Pediatric Quality of Life Inventory (PedsQL).”’ Among
these, the PedsQL stands out for its widespread use and
cross-cultural validity, is available in multiple languages and
is frequently employed in paediatric health research.?

The PedsQL, developed by Professor Varni and his team
in the United States in 1987, is a fundamental tool for
assessing the quality of life of children aged 2-18 years.?'
Its generic core scale (PedsQL 4.0) includes 23 items dis-
tributed in four dimensions: physical functioning, emotional
functioning, social functioning and school functioning.?
Within this framework, the main aim of our study was to
assess the HRQoL of children with CHD who underwent car-
diac catheterization at a single tertiary care hospital, and
analyse its association with clinical and sociodemographic
factors.

Material and methods

We conducted a cross-sectional analytical study in patients
aged 2-18 years with CHD undergoing paediatric hemody-
namic procedures in 2023 at a tertiary care hospital that is
a reference centre for cardiovascular disease. We collected
data from databases developed in the REDCap platform
as part of the institutional follow-up project PID 366 and
the department of paediatric haemodynamics project PID
520.72.23 The institutional project records data on the quality

of life during the patient’s hospital stay collected by nurs-
ing staff through face-to-face or telephone interviews. The
haemodynamics project data are collected through direct
entry by by the paediatric haemodynamic specialist per-
forming the procedure and the automated capture of data
from the electronic health record database of the hospital.
We excluded patients with lengths of stay of less than 24 h
and international patients.

The variables under the study included sociodemographic
factors such as sex and age and anthropometric measure-
ments such as weight, height, and body surface area. We
also collected data for clinical variables including the pri-
mary diagnosis, time of diagnosis (at birth or postoperative),
level of risk assessed with the Catheterization for Congen-
ital Heart Disease Adjustment for Risk Method (CHARM),?*
haemodynamic vulnerability score, purpose of catheteri-
zation (interventional, biopsy, or diagnostic), number of
catheterization interventions, success of the procedure
(defined as achievement of the original goal of the inter-
vention), adverse events, complications during and in the
24 h following the procedure, length of hospital stay and
quality of life during hospitalization.

The quality of life was assessed using the Spanish lan-
guage version of the PedsQL 4.0 (validated in the country
where it was applied), which comprises 23 items that assess
four dimensions: physical, emotional, social and school func-
tioning. Each dimension consists of 4-8 questions. Responses
are given on a 5-point Likert scale (0 = ‘‘never a problem’’
to 4 = “*almost always a problem’’, in reference to the past
month). Items are reverse-scored and linearly transformed
to yield scores ranging from 0 to 100. The scores were trans-
formed as follows: ‘‘Never’’ to 100 points, ‘‘Almost never’’
to 75, ‘‘Sometimes’’ to 50, ‘‘Often’’ to 25, and ‘‘Almost
always’’ to 0; with higher scores indicating a better quality
of life. The scale is available in different versions for specific
age groups: 2-4 years (toddlers); 5-7 years (young children);
8-12 years (children); and 13-18 years (adolescents).” We
obtained a license to use the PedsQL 4.0 scale for scientific
research purposes, and the parent-proxy report was used for
all age ranges.

Statistical analysis

In the descriptive analysis, we calculated frequencies
and percentages for categorical variables. Normality was
assessed using the Kolmogorov-Smirnov test. We calculated
means and standard deviations for variables that followed
a normal distribution, and medians and interquartile ranges
for those that did not. We evaluated differences between
age groups with the x? or Fisher exact test, and used the non-
parametric Kruskal-Wallis test for continuous variables, as
applicable based on the distribution. Subsequently, we con-
ducted a bivariate linear regression analysis comparing each
dimension (physical, emotional, social, and school function-
ing) with each independent variable to identify candidates
for the final model. We then fitted 4 multivariate linear
regression models in which the overall score for the given
dimension was the dependent variable to identify associ-
ated factors. Statistical significance was defined as P < .05.
All statistical analyses were performed using the software
Stata 16.
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Ethical considerations

The study was approved by the Institutional Ethics Commit-
tee of the Cardiovascular Foundation of Colombia, ensuring
compliance with the highest ethical standards at both
national and international levels. Throughout its execution,
vigilance was exerted to ensure adherence the principles
and regulations governing biomedical research, thus guar-
anteeing the integrity and wellbeing of all participants
involved in the study. In particular, informed consent was
obtained from all parents or legal guardians for minors,
as well as assent from mature minors, when applicable.
The study has ensured the confidentiality of the analysed
information and adhered to ethical practices in securing
participant consent.

Results

The study included a total of 164 patients distributed in
different age groups: 20.12% aged 2-4 years, 23.17% aged
5-7 years, 29.87% aged 8-12 years, and 26.82% aged 13-18
years. The 2-4 years group had the highest proportion of
female patients (63.64%). When it came to the primary diag-
noses, pulmonary atresia was most prevalent in the 2-4
years group (18.75%) and the 8-12 years group (13.64%).
Ductus arteriosus was diagnosed in 15.63% of patients aged
2-4 years. As for the timing, diagnosis at birth was more fre-
quent in all age groups except for the group aged 2-4 years,
in which postoperative diagnosis predominated (53.13%).

Complications during the procedure were rare
(0%-2.27%), with no significant differences among the
groups (P =.485). Adverse events were also rare (0%-2.94%),
with no significant differences among age groups (P = .58).
Complications in the first 24 h post-procedure were infre-
quent (0%-6.06%; P = .511). The hospital length of stay was
similar across all age groups, with a median of 1 day and
a range of 0-87 days, and no significant differences (P =
.874). Table 1 presents these results.

When we analysed each of the dimensions, we found that
physical functioning was most impaired in these patients,
with a median score of 32.14 (IQR 17.14-62.87), followed
by schooling, with a median of 56 (IQR 28-88). On the other
hand, emotional functioning seemed better, with a median
of 62 (IQR 32-74), while scores in social functioning showed
the highest quality of life, with a median of 68 (IQR 44-100).
When we assessed the scores by age group, we found that
the median physical functioning score was highest in chil-
dren aged 8-12 years at 35.71 points (IQR 14.25-64.28),
followed by the group aged 13-18 years with 34.28 points
(IQR 21.42-55.71), while in the 2-4 years group it was 30
(IQR 18.57-52.85) and in the 5-7 years group29.28 (IQR
12.85-62.85) (P = .601). Similarly, the median score in the
emotional functioning category was highest in the group
aged 5-7 years at 69 points (IQR 48-76), followed by the
2-4 years group with 62 points (IQR 42-70), the 8-12 years
group with 60 points (IQR 34-76) and, with the lowest score,
the 13-18 years group with 52 points (IQR 15—70) (P = .141)
(Fig. 1).

In the bivariate linear regression analysis, we found that
the primary diagnosis was significantly associated with phys-
ical functioning. For instance, pulmonary atresia (P < .001)

and single ventricle defect (P = .01) were associated with
significant impairment in this dimension. We also found diag-
noses with an impact on emotional functioning, such as
single ventricle (P = .01). Likewise, the postoperative diag-
nosis was associated with negative coefficients (P = .01). In
addition, having a greater body surface area had a negative
impact on children’s emotional functioning (P = .04).

In the assessment of social functioning, we found that
patient weight had a significant impact (P = .04), while other
variables were not associated with quality of life in this sub-
scale. In the analysis of school functioning, the diagnosis of
single ventricle exhibited a significant association (P = .04).
Similarly, patients classified as CHARM risk level 2 had poorer
scores in school functioning (P = .02). Lastly, patients who
experienced adverse events exhibited a marked decrease in
school functioning scores (P = .03) (Table 2).

The multivariate analysis identified associations between
various independent variables and physical functioning in
children with congenital heart disease. Patients with pul-
monary atresia had lower scores in this dimension (P =
.048). When it came to emotional functioning, patients with
a single ventricle had lower scores (P = .035) indicative
of substantial impairment in this dimension. Conversely,
patients with a history of cardiovascular procedures exhib-
ited greater impairment on social functioning (P = .047) and
school functioning (P = .048). Furthermore, age was associ-
ated with significantly lower scores in the groups aged 5-7
years (P = .016) and 8-12 years (P = .024). Furthermore,
a CHARM risk classification of 3 was significantly associated
with lower scores in school functioning (P = .01). Last of
all, the presence of adverse events was also associated with
lower scores in school functioning (P = .03) (Fig. 2).

Discussion

Congenital heart disease constitutes a significant global
health challenge and particularly affects the paediatric
age group. Advancements in cardiovascular knowledge and
therapeutic strategies have improved the management and
prognosis of CHD substantially, and mortality rates have
declined sharply in recent decades. Nevertheless, address-
ing the multifaceted needs of CHD patients, particularly
in regard to their HRQoL and psychosocial wellbeing,
remains a complex endeavour. The findings of this study
shed light on the complex relationship between various
dimensions of HRQoL in paediatric patients with CHD.
Notably, the variation among different age groups under-
scores the multifaceted nature of HRQoL assessment in this
population.

Physical functioning emerged as the most affected
dimension across all age groups, highlighting the signif-
icant impact of CHD on daily activities and mobility in
paediatric patients.?® This finding underscores the need
for personalised interventions to address the unique phys-
ical challenges faced by these individuals,?” as children
with congenital heart diseases do not necessarily have to
avoid physical activity. In fact, specific cardiac rehabilita-
tion programs may be advisable in many cases to improve
symptoms.?® On the other hand, the dimension with the
highest levels of quality of life was social functioning. These
findings likely reflect the significant medical advancements
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Table 1 Sociodemographic characteristics of patients with congenital heart diseases undergoing hemodynamic procedures by age group.

Variable Categories 2—4 years 5—7 years 8—12 years 13—18 years Total P
(n = 33) (n=38) (n = 49) (n = 44)
n % n % n % n % n %
Female 21 63.64 17 44.74 26 53.06 20 45.45 84 51.22
= Male 12 36.36 21 55.26 23 46.94 24 54.55 80 4878 M
Atrial septal defect 1 3.13 4 11.76 11 25 7 17.07 23 15.23
Ventricular septal defect 3 9.38 4 11.76 3 6.82 4 9.76 14 9.27
By Pulm.onary atresia 6 18.75 4 11.76 6 13.64 2 4.88 18 11.92
Raunogs Cardiomyopathy 2 6.25 1 2.94 4 9.09 2 4,88 9 5.96 124
Single ventricle 3 9.38 3 8.82 5 11.36 6 14.63 17 11.26
Patent ductus arteriosus 5 15.63 4 11.76 0 0 0 0 9 5.96
Other 12 37.5 14 41.18 15 34.09 20 48.78 61 40.4
Type of At birth 15 46.88 19 55.88 25 56.82 24 57.14 83 54.61
diagnosis Postoperative 17 53.13 15 44.12 19 43.18 18 42.86 69 4539 -804
1 11 34.38 17 50 19 43.18 22 52.38 69 45.39
. 2 12 37.5 11 32.35 16 36.36 10 23.81 49 32.24
(R ks 3 5  15.63 2 5.8 3 6.82 5 11.9 15 987 814
4 4 12.5 4 11.76 6 13.64 5 11,9 19 12.5
Yes 0 0 3 8.82 1 2.27 2 4.88 6 3.97
Vulnerability No 23 71.88 24 70.59 36 81.82 30 73.17 113 74.83 .49
Not calculated 9 28.13 7 20.59 7 15.91 9 21.95 32 21.19
Catheterization In.tervenFional 21 65.63 18 52.94 23 52.27 18 43.9 80 52.98
e Diagnostic 9 28.13 15 44.12 19 43.18 22 53.66 65 4.,05 527
Biopsy 2 6.25 1 2.94 2 4.55 1 2.44 6 3.97
Number of 1 20 95.24 16 88.89 20 86.96 18 100 74 92.5
SreilrE 2 0 0 2 11.11 3 13.04 0 0 5 6.25 .249
3 1 4.76 0 0 0 0 0 0 1 1.25
Success of Yes 32 100 33 97.06 43 97.73 39 95.12 147 97.35
procedure No 0o 0 1 2.94 1 227 2 488 4 S
Procedure Yes 0 0 0 0 1 2.27 0 0 1 0.66
complications No 32 100 34 100 43 9.7 41 100 150  99.34 483
Adverse No 32 100 33 97.06 43 97.73 41 100 149 98.68
s Yes 0o o0 1 2.94 1 227 0o 0 2 I
Complications No 31 100 31 93.94 42 97.67 40 97.56 144 97.3 511
in 24 h Yes 0 0 2 6.06 1 2.33 1 2.44 4 2.7 :
Length of stay (days) Median (range) 1 0-87 1 1-16 1 1-18 1 0-20 1 0-87 .874

‘e 12 ZapueUISH-aNbLIURY 4°F ‘ZI3JQ-0PeLNH 'V ‘BIpIV-IYdLT "W



€8¢

Table 2 Clinical variables by dimensions of quality of life in children with congenital heart disease.

Variable Physical health functioning Emotional functioning Social functioning School functioning
Coefficient 95 Cl P Coefficient 95 CI P Coefficient 95 ClI P Coefficient 95 CI P
Age
5-7 0.14 —13.65 to 0.98 5.71 -7.79 to 0.41 2.45 —10.83 to 0.72 —17.89 —36 to 0.21 0.05
13.93 19.22 15.73
8-12 4.5 —8.55 to 0.50 —0.71 —13.49 to 0.91 5.59 —6.98 to 18.16 0.38 —15.83 —33.24 to 0.08
17.55 12.07 1.59
13-18 5.48 —7.87 to 0.42 —10.55 —23.61 to 0.11 —10.85 —23.7 to 2.01 0.10 —-11.14 —28.83 to 0.22
18.82 2.52 6.55
Sex
Male —0.15 -9.18 to 0.97 -3.93 —12.91 to 0.39 —4.46 —-13.33t04.41 0.32 —5.44 —16.01 to 0.31
8.88 5.05 5.13
Primary
diagnosis
Ventricular —14.08 —32.88 to 0.14 —13.94 —33.15 to 0.15 7.48 —11.88 to 0.45 —2.83 —25.18 to 0.80
septal defect 4.73 5.26 26.85 19.52
Pulmonary  —27.47 —44.92 to 0.00 -9.64 —27.47 to 0.29 —2.64 —20.62 to 0.77 -9.16 —32.03 to 0.43
atresia —10.01 8.19 15.33 13.7
Cardiomy-  —6.2 —28.01 to 0.58 —18.09 —40.37 to 0.11 3.47 —18.99 to 0.76 -9.21 —35.08 to 0.48
opathy 15.61 4.19 25.93 16.65
Single —24.82 —42.56 to 0.01 —26.32 —44.45 to 0.01 —17.50 —35.77t0 0.77 0.06 —21.76 —42.87 to 0.04
ventricle -7.07 -8.2 —0.65
Patent —11.91 —33.72 to 0.28 -7.20 —29.48 to 0.52 03.02 —19.43 to 0.79 5.57 —24.54 to 0.72
ductus 9.9 15.08 25.48 35.67
arteriosus
Other —12.24 —25.82 to 0.08 —6.94 —20.8t06.92 0.32 -5.82 —-19.8t08.15  0.41 —9.46 —25.86 to 0.26
1.33 6.95
Type of -13.82 —22.81 to 0.00 —11.59 —20.85 to 0.01 -9.05 -18.35t00.24 0.06 -10.71 —21.76 to 0.06
diagnosis —4.84 -2.33 0.34
—3.81 —14.35 to 0.48 —6.74 —17.46 to 0.22 —5.68 —16.37to 5 0.30 —12.86 —25.5to 0.05
Postoperative 6.73 3.97 -0.23
CHARM risk
2 9.38 —0.99 to 0.08 4.04 —6.79 to 0.46 5.92 —4.75t0 16.58 0.28 0.93 —11.8 to 0.89
19.75 14.87 13.67
3 —1.1 —16.91 to 0.89 6.90 -9.61 to 0.41 —13.87 —-30.13t02.4 0.09 —22.69 —42.23 to 0.02
14.72 23.42 -3.14
4 -12.95 —27.34 to 0.08 —5.12 —20.14t09.9 0.50 -2.11 —-16.9to 12.69 0.78 -12.92 —29.7t03.85 0.13
1.43

Vulnerability
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Table 2 (Continued)

Variable Physical health functioning Emotional functioning Social functioning School functioning
Coefficient 95 Cl P Coefficient 95 ClI P Coefficient 95 ClI P Coefficient 95 ClI P
No 03.07 —20.83 to 0.80 -9.94 —34.06 to 0.42 —7.20 —31.3t0 16.91 0.56 17.42 —10.02-44.87 0.21
26.96 14.18
Not 7.62 —17.75 to 0.55 —13.48 —39.09 to 0.30 —12.98 —38.58-12.62  0.32 19.49 —-9.73 to 0.19
assessed 32.99 12.13 48.71
Catheterization
type
Diagnostic  —1.61 —11.14 to 0.74 —6.79 —16.37t0 2.8 0.16 —1.78 —11.39t07.84 0.72 6.10 —-5.33 to 0.29
7.93 17.53
Biopsy 5.87 —18.3 to 0.63 —5.86 —30.16-18.44 0.63 11.84 —12.53 to 0.34 10.67 —17.13 to 0.45
30.04 36.22 38.46
Number of
procedures
2 —21.44 —47.71 to 0.11 —4.78 —31.47 to 0.72 18.62 —8.17 to 45.41  0.17 —15.82 —45.96 to 0.30
4.82 21.91 14.32
3 —16.87 —74.1 to 0.56 —44.38 —102.53 to 0.13 -9.78 —68.15-48.58 0.74 44.18 —21.29 to 0.18
40.36 13.78 109.65
Success of 11.51 —17.3-40.33 0.43 4.76 —24.42 to 0.75 —5.68 —34.87 to 0.70 28.89 —3.99 to 0.09
procedure 33.93 23.51 61.77
Procedure —13.8 —70.93 to 0.63 —-19.76 —77.46 to 0.50 —33.69 —91.25 to 0.25 58.88 —6.12 to 0.08
complications 43.33 37.94 23.86 123.87
Adverse 18.96 —21.49-59.4 0.36 17.87 —23.03 to 0.39 —0.54 —41.56 to 0.98 —50.18 —96.06 to 0.03
events 58.77 40.48 —4.29
Complications —13.27 —42.03 to 0.36 —16.46 —45.22 to 0.26 5.32 —23.51 to 0.72 —0.11 —33.16 to 1.00
in 24 h 15.48 12.3 34.15 32.94
Length of —0.03 —0.63 to 0.93 —0.07 —0.67 to 0.53 0.82 0.00 —0.6 to0 0.6 1.00 0.14 —0.56 to 0.83 0.69
stay (days) 0.57
Body surface 08.06 —2.93 to 0.15 —11.52 —22.4to 0.04 —-10.23 —21.02t0 0.55 0.06 3.47 -9.88 to 0.61
area 19.06 —0.64 16.82
Weight 0.14 —0.1t00.39 0.25 —0.19 —0.43t0 0.05 0.12 —0.26 —0.5to —0.02 0.04 0.00 —0.29t0 0.29 0.99
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Figure 1  Assessment of quality of life by dimension and age group.
*Only applies to schoolchildren.
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Figure 2

made in the detection and management of CHD in recent
decades, encompassing areas such as diagnosis, neona-
tal cardiac surgery, paediatric intensive care and cardiac
catheterization, among others.?’

Similarly, emotional functioning exhibited significant
variation across age groups, with higher median scores in
younger children compared to adolescents. Children and

Multivariate analysis by dimension of the PedsQL Scale.

adolescents with CHD have different experiences compared
to their same-age peers, as they face restricted aspira-
tions and may be dependent on their parents. They feel
powerless and concerned about the debilitating physical lim-
itations of their heart condition.>° This disparity underscores
the evolving psychosocial needs of paediatric patients with
CHD throughout childhood and adolescence and warrants the
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implementation of age-appropriate support mechanisms and
psychological interventions. '

The specific diagnosis has a significant impact on the
quality of life in children, and pulmonary atresia was
a diagnosis that affected physical functioning, in line
with the findings of Ekman-Joelsson et al., who found
a higher level of psychosomatic complaints in regard to
personal quality of life.3? Conversely, there is evidence
of a statistically significant association with age and sex
in patients with a single ventricle.?> Also in agreement
with the literature, the dimensions of quality of life
whose impairment was associated with single ventricle
in the bivariate analysis were physical, emotional and
school functioning.>* However, in the adjusted model, the
association with emotional functioning was the only one
that remained significant. This finding was consistent with
several previous studies in paediatric patients with a sin-
gle ventricle, which have reported psychological issues
such as anxiety, depression and behavioural symptoms or
disorders. We ought to highlight that despite these consis-
tent findings, the results of a recent meta-analysis were
inconclusive.*’

Additionally, the analysis revealed significant asso-
ciations between specific clinical variables and HRQoL
dimensions. Notably, a history of previous cardiovascular
procedures emerged as a significant predictor of HRQoL
outcomes. This finding underscores the enduring impact
of past medical interventions on the overall wellbeing of
paediatric patients with congenital heart disease. Further-
more, the presence of adverse events was identified as
a significant determinant of school functioning, suggest-
ing that children with CHD are at risk of experiencing
deficits in neurological development and cognitive impair-
ments in educational outcomes.?® Thus, it is evident that
children with congenital heart disease may require addi-
tional support or tutoring at various stages of schooling to
mitigate the potential difficulties arising from their medical
condition.3¢

This study evinced the association between various
dimensions of HRQoL in paediatric CHD patients, high-
lighting the importance of personalised interventions to
address their unique physical and emotional challenges. The
findings emphasize the ongoing need for age-appropriate
support resources and psychological interventions to meet
the evolving psychosocial needs of these patients through-
out childhood and adolescence. Lastly, this study contributes
to our understanding of the complexities of CHD manage-
ment and the ongoing efforts required to optimize outcomes
and enhance the overall wellbeing of affected individu-
als.

The limitations of this study include the lack of control
over external or confounding variables that were not mea-
sured (such as the complexity of congenital heart disease),
which could limit the ability to establish causal relationships
between the studied variables and the patients’ quality of
life. We also did not use the cardiac module of the PedsQL.
In addition, the questionnaire measures quality of life over
the past month, which carries a risk of information bias by
not recording specific data in real time. However, congenital
heart disease is a chronic condition, and the assessment of
quality of life continues to be relevant despite this potential
limitation.

Conclusion

Despite significant advancements in the management of
CHD, challenges persist in assessing the HRQoL of affected
children. This study revealed a varying impact on different
age groups, with significant associations between specific
diagnoses, such as pulmonary atresia and single ventricle,
and decreased HRQoL scores in the physical and emotional
dimensions. Furthermore, adverse events and certain clin-
ical variables were significantly associated with impaired
social and school functioning, emphasizing the need for
comprehensive care strategies to address the multifaceted
challenges faced by children with CHD who undergo cardiac
catheterization.

Author contributions

Maricel Licht-Ardila participated in the conception and exe-
cution of the study, contributed to the drafting of the
manuscript and its subsequent revisions, and approved the
final version for publication.

Alexandra Hurtado-Ortiz participated in the conception
and execution of the study, contributed to the drafting of
the manuscript and its subsequent revisions, and approved
the final version for publication.

Fabian Manrique-Hernandez participated in the concep-
tion and execution of the study, contributed to the
drafting of the manuscript and its subsequent revisions, and
approved the final version for publication.

Justo José Santiago Pefa participated in the conception
and execution of the study, contributed to the drafting of
the manuscript and its subsequent revisions, and approved
the final version for publication.

Declaration of Generative Al and Al-assisted
technologies in the writing process

No artificial intelligence was used.

Funding

The authors declare that no external funding or additional
collaborators were involved in this study.

Conflicts of interest

The authors have no conflicts of interest to declare.

References

1. Mitchell SC, Korones SB, Berendes HW. Congenital heart dis-
ease in 56,109 births incidence and natural history. Circula-
tion. 1971;43:323-32 [Accessed 29 May 2024]. Available from:
https://pubmed.ncbi.nlm.nih.gov/5102136/

2. Hoffman JIE. The global burden of congenital heart dis-
ease. Cardiovasc J Afr. 2013;24(4):141-5. Available from:
https://pmc.ncbi.nlm.nih.gov/articles/PMC3721933/

3. Writing Group MembersRoger VL, Go AS, Lloyd-Jones DM, Ben-
jamin EJ, Berry JD, et al. Heart disease and stroke statistics—2012
update: a report from the American heart association. Cir-

386


https://pubmed.ncbi.nlm.nih.gov/5102136/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3721933/

Anales de Pediatria 101 (2024) 378-387

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Hoffman

culation. 2012;125 [Accessed 29 May 2024]. Available from:
https://pubmed.ncbi.nlm.nih.gov/22179539/

. Moons P, Bovijn L, Budts W, Belmans A, Gewillig M. Tempo-

ral trends in survival to adulthood among patients born with
congenital heart disease from 1970 to 1992 in Belgium. Circula-
tion. 2010;122:2264-72 [Accessed 29 May 2024]. Available from:
https://pubmed.ncbi.nlm.nih.gov/21098444/

. van der Bom T, Zomer AC, Zwinderman AH, Meijboom FJ, Bouma BJ,

Mulder BJM. The changing epidemiology of congenital heart disease.
Nat Rev Cardiol. 2011;8:50-60 [Accessed 29 May 2024]. Available
from: https://pubmed.ncbi.nlm.nih.gov/21045784/

JIE, Kaplan S. The incidence of congen-
ital heart disease. J Am Coll Cardiol [Internet].
2002;39:1890-900 [Accessed 29 May 2024]. Available from:
https://pubmed.ncbi.nlm.nih.gov/12084585/

. Wren C. Survival with congenital heart disease and need for follow

up in adult life. Br Heart J. 2001;85:438-43 [Accessed 29 May 2024].
Available from: https://pubmed.ncbi.nlm.nih.gov/ 11250973/

. Boneva RS. Mortality associated with congenital heart defects in the

United States: trends and racial disparities, 1979-1997. Circulation.
1979;103:2376-81.

. Pillutla P, Shetty KD, Foster E. Mortality associated with adult con-

genital heart disease: trends in the US population from 1979 to 2005.
Am Heart J. 2005;158:874-9.

Wagdy R. The role of diagnostic cardiac catheteriza-
tion for children with congenital heart diseases: local
experience. Arch Med Sci Atheroscler Dis. 2018;3:e72-9,
http://dx.doi.org/10.5114/amsad.2018.76824.

Moustafa  GA, Kolokythas A, Charitakis K,  Avgeri-
nos DV. Therapeutic utilities of pediatric cardiac

catheterization. Curr Cardiol Rev. 2016;12:258-69,
http://dx.doi.org/10.2174/1573403x12666160301121253.
Tahirovi¢ E, Begi¢ H, Tahirovic H, Varni JW. Quality of life in
children after cardiac surgery for congenital heart disease. Coll
Antropol. 2011;35:1285-90 [Accessed 29 May 2024]. Available from:
https://hrcak.srce.hr/file/112386

Medina-Andrade MA. Factores que afectan la cali-
dad de vida en pacientes pediatricos con y sin cirugia
cardiaca’’. Cirugia Cardiovasc (Barc). 2024;31:8-15,
http://dx.doi.org/10.1016/j.circv.2023.10.004.

Huang Y-C, Chen Y-C, Gau B-S, Wang J-K, Chang S-H, Yang H-
L. Psychometric evaluation of the traditional Chinese version of
PedsQL™ 3.0 cardiac module scale in adolescents with congen-
ital heart disease: reliability, validity, measurement invariance,
and adolescent-parent agreement. Health Qual Life Outcomes.
2023;21:39, http://dx.doi.org/10.1186/512955-023-02121-1. Avail-
able from:.

Ingerski LM, Modi AC, Hood KK, Pai AL, Zeller M, Piazza-
Waggoner C, et al. Health-related quality of life across
pediatric chronic conditions. J Pediatr. 2010;156:639-44,
http://dx.doi.org/10.1016/j.jpeds.2009.11.008.

Landgraf JM, Abetz L, Ware JE. Psychometric results of the CHQ-
PF50 form in a normative U.S. sample of children and its clinical
application across several condition groups. In: Competitive paper
presentation at the Third annual symposium of contributed papers,
quality of life evaluation. 1996.

Ravens-Sieberer U, Gosch A, Abel T, Auquier P, Bellach BM, Bruil
J, et al. Quality of life in children and adolescents: a European
public health perspective. Soz Praventivmed. 2001;46:294-302,
http://dx.doi.org/10.1007/bf01321080.

Edwards TC, Huebner CE, Connell FA, Patrick DL. Adolescent qual-
ity of life, part I: conceptual and measurement model. J Adolesc.
2002;25:275-86, http://dx.doi.org/10.1006/jado.2002.0470.
Starfield B, Bergner M, Ensminger M, Riley A, Ryan S, Green B,
et al. Adolescent health status measurement: development of
the Child Health and Illness Profile. Pediatrics. 1993;91:430-5,
http://dx.doi.org/10.1542/peds.91.2.430.

Varni JW, Seid M, Kurtin PS. PedsQL™ 4.0: Relia-
bility and validity of the pediatric quality of life
inventory™ version 4.0 generic core scales in healthy
and patient  populations. Med Care. 2001;39:800-12,
http://dx.doi.org/10.1097/00005650-200108000-00006.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

387

Yuan Y, Pan B, Liang X, Lv T, Tian J. Health-related quality of life
in children with congenital heart disease following interventional
closure versus minimally invasive closure. Front Cardiovasc Med.
2022;9:974720, http://dx.doi.org/10.3389/fcvm.2022.974720.
Harris PA, Gonzalez JG. Research electronic data capture
(REDCap)—a metadata-driven methodology and workflow process
for providing translational research informatics support. J Biomed
Inform. 2009;42:377-81.

Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L,
et al. The REDCap consortium: building an international community
of software platform partners. J Biomed Inform. 2019;95:103208,
http://dx.doi.org/10.1016/j.jbi.2019.103208.

Bergersen L, Gauvreau K, Foerster SR, Marshall AC, McElhinney DB,
Beekman RH 3rd, et al. Catheterization for Congenital Heart Dis-
ease Adjustment for Risk Method (CHARM). JACC Cardiovasc Interv.
2011;4:1037-46, http://dx.doi.org/10.1016/j.jcin.2011.05.021.
Varni JW, Burwinkle TM, Seid M, Skarr D. The PedsQL™*
4.0 as a pediatric population health measure: feasibil-
ity, reliability, and validity. Ambul Pediatr. 2003;3:329-41,
http://dx.doi.org/10.1367/1539-4409(2003)003<0329: tpaapp>2.
0.co;2.

Tierney S. El beneficio del ejercicio en nifos con car-
diopatias congénitas. Curr Opin Pediatr. 2020;32:626-32,
http://dx.doi.org/10.1097/MOP.0000000000000000942.

Duppen N, Takken T, Hopman MTE, ten Harkel ADJ, Dulfer K,
Utens EMWJ, et al. Systematic review of the effects of phys-
ical exercise training programmes in children and young adults
with congenital heart disease. Int J Cardiol. 2013;168:1779-87,
http://dx.doi.org/10.1016/j.ijcard.2013.05.086.

Valderrama P, Carugati R, Sardella A, Florez S, de Carlos
Back |, Fernandez C, et al. Guia SIAC 2024 sobre reha-
bilitacion cardiorrespiratoria en pacientes pediatricos con
cardiopatias congénitas. Rev Esp Cardiol. 2024;77:680-9,
http://dx.doi.org/10.1016/j.recesp.2024.02.017.

Abassi H, Huguet H, Picot M-C, Vincenti M, Guillaumont S, Auer
A, et al. Health-related quality of life in children with congen-
ital heart disease aged 5 to 7 years: a multicentre controlled
cross-sectional study. Health Qual Life Outcomes. 2020;18:366,
http://dx.doi.org/10.1186/512955-020-01615-6.

Fredriksen PM, Diseth TH, Thaulow E. Children and adolescents
with congenital heart disease: assessment of behavioural and emo-
tional problems. Eur Child Adolesc Psychiatry. 2009;18:292-300,
http://dx.doi.org/10.1007/s00787-008-0730-8.

Kovacs AH, Brouillette J, Ibeziako P, Jackson JL, Kasparian
NA, Kim YY, et al. Psychological outcomes and inter-
ventions for individuals with congenital heart disease: a
scientific statement from the American Heart Associa-
tion. Circ Cardiovasc Qual Outcomes. 2022;15:e000110,
http://dx.doi.org/10.1161/HCQ.0000000000000110.
Ekman-Joelsson BM, Berntsson L, Sunnegardh J. Calidad
de vida en nifios con atresia pulmonar y tabique ventric-
ular intacto. Cardiologia en la juventud. 2004;14:615-21,
http://dx.doi.org/10.1017/51047951104006067.

Uzark K, Zak V, Shrader P, McCrindle BW, Radojewski E, Varni JW,
et al. Assessment of quality of life in young patients with single ven-
tricle after the Fontan operation. J Pediatr. 2016;170:166-72.e1,
http://dx.doi.org/10.1016/j.jpeds.2015.11.016.

Heusch A, Kahl HJ, Hensel KO, Calaminus G. Health-related
quality of life in paediatric patients with congenital heart
defects: association with the type of heart defect and
the surgical technique. Qual Life Res. 2017;26:3111-7,
http://dx.doi.org/10.1007/s11136-017-1653-y.

McCormick AD, Wilde MM, Charpie CE, Saylor KM, Yu S, Schumacher
KR, et al. Psychological functioning in paediatric patients with sin-
gle ventricle heart disease: a systematic review. Cardiol Young.
2022;32:173-84, http://dx.doi.org/10.1017/s1047951122000063.
Spillmann R, Polentarutti S, Ehrler M, Kretschmar O, Latal B, Peng
P, et al. Congenital heart disease in school-aged children: cogni-
tion, education, and participation in leisure activities. Pediatr Res.
2020;94:1523-967.


https://pubmed.ncbi.nlm.nih.gov/22179539/
https://pubmed.ncbi.nlm.nih.gov/21098444/
https://pubmed.ncbi.nlm.nih.gov/21045784/
https://pubmed.ncbi.nlm.nih.gov/12084585/
https://pubmed.ncbi.nlm.nih.gov/11250973/
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0040
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0045
dx.doi.org/10.5114/amsad.2018.76824
dx.doi.org/10.2174/1573403x12666160301121253
https://hrcak.srce.hr/file/112386
dx.doi.org/10.1016/j.circv.2023.10.004
dx.doi.org/10.1186/s12955-023-02121-1
dx.doi.org/10.1016/j.jpeds.2009.11.008
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0080
dx.doi.org/10.1007/bf01321080
dx.doi.org/10.1006/jado.2002.0470
dx.doi.org/10.1542/peds.91.2.430
dx.doi.org/10.1097/00005650-200108000-00006
dx.doi.org/10.3389/fcvm.2022.974720
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0110
dx.doi.org/10.1016/j.jbi.2019.103208
dx.doi.org/10.1016/j.jcin.2011.05.021
dx.doi.org/10.1367/1539-4409(2003)003<0329:tpaapp>2.0.co;2
dx.doi.org/10.1367/1539-4409(2003)003<0329:tpaapp>2.0.co;2
dx.doi.org/10.1097/MOP.0000000000000000942
dx.doi.org/10.1016/j.ijcard.2013.05.086
dx.doi.org/10.1016/j.recesp.2024.02.017
dx.doi.org/10.1186/s12955-020-01615-6
dx.doi.org/10.1007/s00787-008-0730-8
dx.doi.org/10.1161/HCQ.0000000000000110
dx.doi.org/10.1017/S1047951104006067
dx.doi.org/10.1016/j.jpeds.2015.11.016
dx.doi.org/10.1007/s11136-017-1653-y
dx.doi.org/10.1017/s1047951122000063
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180
http://refhub.elsevier.com/S2341-2879(24)00265-5/sbref0180

	Physical, social, and emotional impact on patients with congenital heart disease undergoing cardiac catheterization
	Introduction
	Material and methods
	Statistical analysis
	Ethical considerations

	Results
	Discussion
	Conclusion
	Author contributions
	Declaration of Generative AI and AI-assisted technologies in the writing process
	Funding
	Conflicts of interest

	References

