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Children with hypoplastic left heart syndrome have lower
quality of life than healthy controls and children with other
illnesses
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Abstract Objective: Previous studies suggest that children with congenital cardiac diagnoses report lower quality of
life when compared with healthy norms. A few studies have evaluated quality of life specifically in children born
with hypoplastic left heart syndrome, a condition requiring several surgeries before age three. The aim of this study
was to use an empirically validated and standardised measure — the Pediatric Quality of Life Inventory — to evaluate
quality of life in children with hypoplastic left heart syndrome and compare the findings with similar, medically
complicated samples. Methods: The parent-report Pediatric Quality of Life Inventory was administered, and
demographic information was collected through an internet portal. A total of 121 caregivers of children with
hypoplastic left heart syndrome responded. The sample included children aged 2-18 years (M =10.81 years).
Independent sample t-tests were used to compare our sample with published norms of healthy children and children
with acute or chronic illnesses. Resu/ts: Children with hypoplastic left heart syndrome were rated as having
significantly lower overall quality-of-life scores (M =59.69) compared with published norms of children without
medical diagnoses (M =283.00) and those with acute (M =78.70) or chronic (M =77.19) illnesses (p < 0.001).
Children with hypoplastic left heart syndrome complicated by a stroke or seizure (15%) reported the lowest quality
of life. The results held for all subscales (p < 0.001). Conclusions: Children with hypoplastic left heart syndrome
appear to be a significantly vulnerable population with difficulties in functioning across psychosocial domains and
across the age span. Further research is required to facilitate early identification of the need for resources for these
children and families, especially for children who experience additional medical complications.
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United States of America with CHD.” Medical
advances continue to improve morbidity and
mortality rates, with significantly more infants living
into adulthood.? Given this progress, it is important
to focus on children’s psychological, academic, and
social functioning throughout the lifespan to best

EACH YEAR, 40,000 CHILDREN ARE BORN IN THE
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care for this population. Emerging research indicates
that children with CHD have lower reported quality
of life compared with healthy controls as well as those
with other chronic illnesses.” Although many
children do experience relatively normal quality of
life, it seems that children born with CHD are at risk
for externalising, internalising, and adjustment
difficulties, similar to children with other chronic
illnesses.”® A few studies have specifically examined
children born with hypoplastic left heart syndrome, a
subset of single-ventricle pathology that requires
intense surgical intervention early in life, with three
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palliative heart surgeries typically before age
three.””® Medical advances have dramatically
decreased mortality, although it continues to remain
at ~40% S years after palliative surgeries.” Continued
research is required to better understand the unique
course and psychosocial complexity of these medi-
cally fragile children.

Understanding the psychosocial experience of the
families of children born with hypoplastic left heart
syndrome is important, as it is known that those
affected by this complex condition endure lengthy,
complicated, and stressful admissions.'® Early evi-
dence supports that children with more complicated
forms of CHD, such as those born with single-
ventricle pathology, have more adjustment difficul-
ties and lower quality of life.*> Moreover, children
born with single-ventricle pathology are at risk for
neurodevelopmental outcomes and comorbid condi-
tions, which likely impact quality of life.>'" Addi-
tional studies have found that children with
hypoplastic left heart syndrome experienced lower
self-esteem and peer acceptance, as well as increased
psychosomatic symptoms and externalising beha-
viour concerns.' ' Uzark et al recently found that
quality of life in adolescents and young adults who
had undergone Fontan operation, typically the third
stage of palliation for single-ventricle congenital heart
conditions, including hypoplastic left heart syndrome,
reported lower quality of life on the Pediatric Quality of
Life Inventory in terms of physical and emotional
functioning compared with healthy controls."*
Although there is growing support concerning
quality-of-life difficulties in children born with
CHD, especially with more severe conditions, a few
studies have evaluated more complex conditions such
as hypoplastic left heart syndrome with adequate
sample sizes and validated quality-of-life measures.®”’

This study assessed quality of life in children — school
age through adolescence — who were born with hypo-
plastic left heart syndrome using an empirically vali-
dated and standardised measure of quality of life — the
Pediatric Quality of Life Inventory." The aim of this
study was to better understand the quality of life of
children with hypoplastic left heart syndrome compared
with similar populations, using published norms for a
comparison group, to determine whether this popula-
tion showed unique challenges and outcomes.

Method

Data were collected via questionnaires administered
through an internet-based link. E-mail requests were
sent from registries of caregivers of children with
hypoplastic left heart syndrome. Data presented in
this study are part of a larger psychosocial study that
was approved by Nationwide Children’s Hospital
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Institutional Review Board. After reading study
description and acknowledging consent, caregivers
completed a demographic questionnaire and the
Pediatric Quality of Life Inventory.'

Measure

The Pediatric Quality of Life Inventory (PedsQL) is a
standardised and validated tool assessing health-
related quality of life. The PedsQL has consistently
shown good reliability and validity across paediatric
populations, including cancer, diabetes, and asthma.
The 23-item measure is made up of four scales
assessing physical functioning, for example, ability to
complete chores and exercise, emotional functioning,
such as feeling sad, angry, or worried, social func-
tioning, such as getting along with peers, and school
functioning, such as the ability to attend and be
attentive in school. Scores can range from 0 to 100,
with higher scores reflecting better functioning.'"

Participants

Data were collected for 121 caregivers of children
with hypoplastic left heart syndrome. Respondents
were generally Caucasian, college educated, and
married mothers. Children included in this study
were aged 2-18 years (M =9.83 years), with a
slightly higher percentage of males (61%). About
half of these children (53.4%) were diagnosed pre-
natally, and the majority of children (>90%) had
completed their third-stage palliative surgery, with
6.6% having undergone a heart transplantation.
Most common complications during recovery from
surgeries included experiencing a seizure/stroke
(n=19) and requiring a nasogastric or gastronomy
tube for feeding difficulties (n=30). Please see
Tables 1 and 2 for additional demographic variables.

The objective of this study was to better understand
how the quality of life of children with hypoplastic left
heart syndrome compares with other complicated
health populations and a normative sample. Indepen-
dent sample t-tests were used to compare our sample
with published norms of healthy children and children
with acute or chronic illnesses.' Exploratory analyses
included a correlation matrix and independent sample
t-tests to evaluate the impact of additional significant
health complications — for example, need for feeding
tube, experiencing a stroke/seizure — on quality of life.

Results

Children with hypoplastic left heart syndrome were
rated as having significantly lower overall quality-
of-life scores (M =59.69) when compared with pub-
lished norms of children without medical diagnoses
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Table 1. Sample demographics (n=121).

Mean (SD) Percent
Child
Male 69.4
Age 9.83 (4.08)
Prenatal diagnosis 53.4
Parent
Parent relationship 88.2
Mothers 11.8
Fathers
Age 40.51 (7.03)
Marital status
Single 13.2
Married 86.8
Race
Caucasian 92.6
Hispanic 5.0
Total children in family 2.68 (1.29)
Education level
High school 21
Some college 1.5
Technical school 5.9
College 51.5
Graduate school 19.1
Other 0.7
Table 2. Health complications.
Percent
Prenatal diagnosis 48.5
Surgeries completed
None 0.7
Stage 1 0.7
Stage 1I 3.7
Stage III 93.4
Heart transplant 6.6
Additional complications
Genetic syndrome 3.7
Seizures/stroke 15.7
Prematurity 5.9
NG or G-Tube 23.5
Tracheotomy 0.7
Other 324
Nursing care in home
Current 22.8
Between stages 50.0
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M =283.00, t(1089)=13.61, p<0.001). The qual-
ity of life of children with hypoplastic left heart
syndrome was also significantly lower than normal-
ised data for children with acute (M =78.70,
t(277)=9.63, p<0.001) and chronic M =77.19,
t(495)=10.44, p<0.001) illnesses." Caregivers
rated their children with hypoplastic left heart syn-
drome as having significantly lower quality of life for
all subscales. For physical functioning, parents
reported that their children had lower quality of
life M =60.62) than normative data (M =84.41,
t(1088)=10.74, p<0.001), those with acute ill-
nesses (M =78.88, t(277)=7.52, p<0.001), and
those with chronic illnesses (M =77.36, t(495)=
7.96, p<0.001). Children with hypoplastic left
heart syndrome also had significantly lower emo-
tional quality of life (M =59.96) than normative
data (M =80.86, t(1087)=9.44, p<0.001), those
with acute illnesses M =77.33, t(277)=7.17,
p<0.001), and those with chronic illnesses
M =76.40, t(495)=7.62, p<0.001). Scores for
social functioning in children with hypoplastic left
heart syndrome (M =61.29) were also significantly
lower than normative data (M =87.42, t(1087)=
12.77, p<0.001), those with acute illnesses
(M =82.83, t(277)=8.92, p<0.001), and those
with chronic illnesses (M =81.60, t(495)=9.44,
p <0.001). Children with hypoplastic left heart
syndrome also reported significantly lower school
functioning (M=55.33) across domains compared
with normative data MM =78.63, t(1062)=10.66,
p <0.001), those with acute illnesses M =75.68,
t(277)=7.86, p<0.001), and those with chronic
illnesses (M =73.43, t(495)=8.34, p<0.001),
see Table 3.

A correlation matrix was used to evaluate the effect
of demographic variables — for example, age, sex,
family density, and caregiver education — on quality-
of-life scores. A small correlation was found only
between age and school functioning, with older
children exhibiting more physical functioning
difficulties (r=-0.18, p < 0.05).

Table 3. Means and standard deviations of Pediatric Quality of Life Inventory.

M (SD)

Hypoplastic left heart
syndrome (n=131)

Healthy controls*
(n=958)

Acute illness*

(n=148)

Chronic illness*

(n=366)

Physical
Emotional
Social
School
Total

60.62 (21.45)%**
59.96 (20.34)%**
61.29 (23.46)#s#:*
55.63 (24.42)%**
55.69 (18.82)%#*

84.41 (17.26)
80.86 (19.64)
87.42 (17.18)
78.63 (20.53)
83.00 (14.79)

77.36 (20.36)
76.40 (21.48)
81.60 (20.24)
73.43 (19.57)
77.19 (15.53)

78.88 (19.10)
77.33 (20.04)
82.83 (16.66)
75.68 (18.04)
78.70 (14.03)

#Norms published in'
#*%p5 < 0.001 compared with norms of healthy controls, children with chronic illness, and children with acute illness
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The impact of additional medical complications
on quality of life was explored. Caregivers of children
who experienced a neurological complication such as
stroke or seizure reported significantly lower overall
quality of life M =47.81) compared with those
with no neurological complications (M =061.83,
t(117)=3.13, p<0.01). These results upheld across
subscales. Children who suffered a neurological
complication reported lower physical functioning
(M =47.01) than those who had not (M =63.98,
t(118)=3.41, p<0.01). Children with neurological
complications had significantly lower reported
emotional functioning (M =48.75) compared with
children without neurological complications (M =
62.11, t«(119)=2.82, p<0.01). Social functioning
was also significantly lower with experienced neuro-
logical complication (M =50.52) compared with
the absence of seizure or stroke (M =62.75,
t(118)=2.18, p<0.05). Finally, those with neuro-
logical complications were also more likely to report
significantly more school problems (M =40.50) than
those who did not experience a seizure or stroke
(M=58.01, t(118)=3.08, p<0.01). Medical
comorbidities and complications including having an
additional genetic syndrome, requiring a feeding
tube, tracheostomy, and history of prematurity were
not significantly related to parents’ report of quality

of life.

Discussion

Data from the present study indicate that children
living with hypoplastic left heart syndrome are
experiencing significant deficits across quality-of-life
domains. Our results indicate that close follow-up is
warranted, with even more complications reported in
children who had experienced a stroke/seizure during
their course. Our findings are consistent with pre-
vious studies indicating that children with more
complicated congenital heart defects are at increased
risk for psychosocial difficulties.”” The results from
our study indicate that children have lower func-
tioning across physical, emotional, social, and
academic domains. Concern for quality of life in
children with hypoplastic left heart syndrome is in
line with functional and cognitive limitations as
these children have a higher perceived daily burden of
disease because of the severity of their disease and the
complex, prolonged nature of the palliative process.”
Results are important, as a few studies have evaluated
children with severe CHDs, specifically hypoplastic
left heart syndrome, with adequate sample size
and validated measures.® Continued research within
this population would be important to target inter-
ventions to improve quality of life and overall
functioning.
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Quality-of-life scores in our study were significantly
lower than published norms of healthy children, and
those with acute and chronic illnesses. Our data also
suggest that children with hypoplastic left heart
syndrome have lower quality of life compared with
earlier studies of children with general CHD and
single-ventricle pathology. Our reported lower scores
may be related to focussing on children with hypo-
plastic left heart syndrome, as many studies have used
broader, single-ventricle pathology sam1>les.14’15 Our
results should also be viewed within the context of data
collection, as families who completed our surveys were
seeking online support. Families spending time with
online support communities may be more aware
and/or attentive to their child’s concerns, or may
be experiencing increased distress related to having
children with more medical, cognitive, and adjust-
ment difficulties. The significantly low reported
quality-of-life scores may be capturing true concerns
with children’s physical, social, and academic func-
tioning, while also may be impacted by the early
stress and need for close monitoring throughout the
child’s early years.” Interestingly, we did not find that
children’s quality of life was particularly related to age,
showing that years out from surgical palliation does
not greatly impact parent ratings. Given families’
experience of increased stress and worry during their
child’s first few years of life, these memories may
continue to impact quality-of-life perceptions when
they are in their school years.” Overall, the data sup-
port that children with hypoplastic left heart syn-
drome and their families may benefic from increased
psychosocial support to address concerns with physical
limitations and mood difficulties, as well as social and
academic problems.

Our results were not significantly related to family
variables such as economic status or family density.
Some studies have found relationships among
children’s adjustment and family demographic vari-
ables as well as family stress.''#'¢ Future studies
would benefit from assessing a more comprehensive
picture of overall family functioning to better
understand the dynamic interplay between the stress
families experience and the adjustment of children
with hypoplastic left heart syndrome.

School functioning was particularly low in our
sample. Children with hypoplastic left heart
syndrome are at risk for neurocognitive difficulties,
with evidence for lower visual-motor skills, memory,
and word structure abilities.'””'® Our sample also
found that children who experienced neurological
complications during their early years of life — for
example, seizures and stroke — experienced even
lower quality of life than those who did not experi-
ence this complication, identifying a particularly
vulnerable population. The American Heart
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Association and the American Academy of Pediatrics
are calling for more longitudinal developmental
screening across the lifespan to focus on early identi-
fication of children’s academic weaknesses in this."”
Our study echoes this need to identify and intervene
with children’s academic performance. It is hoped
that providing increased academic support may also
impact children’s emotional and social experiences.
Future studies would benefit from better under-
standing the cognitive trajectories of children with
hypoplastic left heart syndrome and the impact of
various supports and interventions.

Limitations and future directions

Data collected were from a national sample, and
differences in medical intervention as well as psy-
chosocial support may influence children’s function-
ing and parental support in different settings. The
majority of respondents were white, married college,
educated females, and therefore these findings should
not necessarily be applied to other socio-economic
demographics. Although our study used a well-
known standardised tool for assessment, the results
are limited in that a single measure may not reveal a
comprehensive understanding of children’s current
functioning. Children’s quality of life is likely better
understood within their neurodevelogmental, psy-
chosocial, and physical functioning.”” Data would
benefit from the inclusion of more objective measures
of social skills and peer functioning, as well as school
performance — for example, grades, use of education
resources, days missed of school. Future studies
would benefit from continued assessment using
multiple, standardised tools to better understand the
quality of life and functioning of children with
hypoplastic left heart syndrome, with an emphasis on
understanding specific resilience and risk factors.
In addition, although our quality of measure is a well-
validated parent report, inclusion of children’s per-
ception of their functioning is important in future
studies, as parents’ report can be influenced by age
and severity of disease.”” Future studies may also
benefit from timely assessment of family functioning
throughout treatment to assess emotional and beha-
vioural functioning over the course of various proce-
dures for this condition. Finally, given that children
with hypoplastic left heart syndrome are at risk for
multiple medical sequelae, including neurological
insults and feeding tubes, future studies may benefit
from chart review to better understand the impact of
the timing and extent of children’s additional needs
on their quality of life — for example, some children
experience isolated seizures that may not require
long-term medication and follow-up, whereas other
children may experience a stroke that requires
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significant and comprehensive rehabilitation, which
may be related to long-term outcomes.

As survival rates for children with hypoplastic left
heart syndrome continue to improve with surgical
advances, it is important to assess the psychosocial
functioning of these families. Children with hypo-
plastic left heart syndrome appear to be a significantly
vulnerable population with difficulties in functioning
across academic, social, emotional, and physical
domains, especially if they have suffered a neurolo-
gical insult during the palliative process. Results
from this study support the need for continued early
detection and implementation of interventions to
provide increased psychosocial support to families
of children with hypoplastic left heart syndrome.

Acknowledgements

The authors acknowledge the parents who took the
time to participate in our study.

Financial Support

This research received no specific grant from any
funding agency or from commercial or not-for-profit
sectors.

Conflicts of Interest

None.

Ethical Standards

The authors assert that all procedures contributing to
this study comply with the ethical standards of the
relevant national guidelines on human experimenta-
tion (please name) and with the Helsinki Declaration
of 1975, as revised in 2008, and has been approved
by the institutional committees of Nationwide
Children’s Hospital.

References

1. Varni JW, Seid M, Kurtin PS. Pediatric Quality of Life
Inventory ™ 4.0: Reliability and Validity of the Pediatric Quality
of Life Inventory ™ Version 4.0 Generic Core Scales in Healthy and
Patient Populations. Med Care 2001; 39: 800-812.

2. Congenital Heart Public Health Consortium (CHPHC) of the American
Academy of Pediatrics (AAP). Congenital Heart Disease Fact Sheet,
2016. Retrieved February 14, 2016, from https://www.aap.org/en-us/
advocacy-and-policy/aap-health-initiatives/chphc/Pages/Fact-Sheet

3. Knowles RL, Bull C, Wren C, Wade A, Goldstein H, Dezateux C.
Modelling survival and mortality risk to 15 years of age for a
national cohort of children with serious congenital heart defects
diagnosed in infancy. PLoS One 2014; 9: e106806.

4. Mussatto K, Tweddell J. Quality of life following surgery for
congenital cardiac malformations in neonates and infants. Cardiol
Young 2005; 15: 174-178.

5. Uzark K, Jones K, Slusher J, Limbers CA, Burwinkle TM,
Varni JW. Quality of life in children with heart disease as perceived
by children and parents. Pediatrics 2008; 121: e1060-e1607.


https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/chphc/Pages/Fact-Sheet
https://www.aap.org/en-us/advocacy-and-policy/aap-health-initiatives/chphc/Pages/Fact-Sheet
https://doi.org/10.1017/S1047951117001159

26

6.

10.

11.

12.

13.

Cardiology in the Young

Latal B, Helfricht S, Fischer JE, Baursfeld U, Landoldt MA.
Psychological adjustment and quality of life in children and
adolescents following open-heart surgery for congenital heart
disease: a systematic review. BMC Pediatr 2009; 9: 1.

Feinstein JA, Benson W, Dubin AM, et al. Hypoplastic left heart
syndrome: current considerations and expectations. J Am Coll
Cardiol 2012; 59: S1-842.

Marino BS, Tomlinson RS, Wernovsky G, et al. Validation of the
pediatric cardiac quality of life inventory. Pediatrics 2010; 126:
498-508.

Fruitman DS. Hypoplastic left heart syndrome: prognosis
and management options. Paediatr Child Health 2000; 5:
219-225.

Goldberg CS, Mussatto K, Licht D, Wernovsky G. Neuro-
development and quality of life for children with hypoplastic left
heart syndrome: current knowns and unknowns. Cardiol Young
2011; 21 (Suppl 2): 88-92.

Williams DL, Gelijns AC, Moskowitz AJ, et al. Hypoplastic left
heart syndrome: valuing the survival. J Thorac Cardiovasc Surg
2000; 119: 720-731.

Brosig CL, Mussatto KA, Kuhn EM, Twedell JS. Psychosocial
outcomes for preschool children and families after surgery for
complex congenital heart disease. Pediatr Cardiol 2007; 28:
255-262.

Mellander M, Berntsson L, Nilsson B. Quality of life in children with
hypoplastic left heart syndrome. Acta Paediatr 2007; 96: 53-57.

https://doi.org/10.1017/51047951117001159 Published online by Cambridge University Press

14.

15.

16.

17.

18.

19.

20.

January 2018

Uzark K, Zak V, Shrader P, et al. Assessment of quality of life in
young patients with single ventricle after the Fontan operation.
J Pediatr 2016; 170: 166-172.

Varni JW, Limbers CA, Burwinkle TM. Impaired health-related
quality of life in children and adolescents with chronic conditions:
a comparative analysis of 10 disease clusters and 33 disease categories/
severities utilizing the Pediatric Quality of Life Inventory 4.00 Generic
Core Scales. Health Qual Life Outcomes 2007; 5: 43-57.

Manlhiot C, Knezevich S, Radojewski E, Cullen-Dean G,
Williams WG, McCrindle BW. Functional health status of
adolescents after the fontan procedure — comparison with their
siblings. Can J Cardiol 2009; 25: €294—€300.

Tabbutt S, Nord AS, Jarvik GP, et al. Neurodevelopmental out-
comes after staged palliation for hypoplastic left heart syndrome.
Pediatrics 2008; 121: 476—483.

Brosig CL, Mussato KA, Hoffman G, et al. Neurodevelopmental
outcomes for children with hypoplastic left heart syndrome at the
age of 5 years. Pediatr Cardiol 2013; 34: 1597-1604.

Marino BS, Lipkin PH, Newburger JW, et al. Neurodevelopmental
outcomes in children with congenital heart disease: evaluation and
management: a scientific statement from the American Heart
Association. Circulation 2012; 126: 1143-1172.

Drakouli M, Petsios K, Giannakoupoulou M, Patiraki E,
Voutoufianaki I, Matzious V. Determinants of quality of life in
children and adolescents with CHD: a systematic review. Cardiol
Young 2015; 25: 1027-1036.


https://doi.org/10.1017/S1047951117001159

	Outline placeholder
	Method
	Measure
	Participants

	Results
	Table 1Sample demographics (n�&#x003D;�121).
	Table 2Health complications.
	Table 3Means and standard deviations of Pediatric Quality of Life Inventory.
	Discussion
	Limitations and future directions

	Acknowledgements
	ACKNOWLEDGEMENTS


