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Psychosocial Implications During Adolescence for Infant Heart Transplant

Recipients

Vidhya Krishnamurthy, Catherin Freier Randall and Richard Chinnock*

Loma Linda University Children’s Hospital Loma Linda, CA

Abstract: Background & Objectives: As more heart transplant recipients survive into late adolescence, research address-
ing long-term psychosocial and neurodevelopmental outcomes is imperative. The limited literature available suggests risk
for psychosocial difficulties and lower cognitive, academic, and neuropsychological functioning. This paper reviews
topic-related literature and provides preliminary data examining psychosocial and neuropsychological functioning of ado-
lescents who received their heart transplant during infancy.

Method: This paper offers a literature review AND presents preliminary data from studies conducted through Loma Linda
University Children’s Hospital (LLUCH). Study one examined psychosocial functioning and quality of life of adolescent
infant heart transplant recipients. In study two, cognitive, academic, and neuropsychological data were analyzed.

Results: Study 1: Overall psychosocial functioning fell in the Average range, however, a significant percentage of par-
ticipants presented with difficulties on one or more of the psychosocial domains. Quality of life was also within normal
limits, though concerns with general health and bodily discomfort were noted. Study 2: Cognitive functioning was as-
sessed to be Below Average, with 43-62% of the participants demonstrating significant impairments. Neuropsychological
functioning yielded significant weakness on language functioning, and mild weakness on visual-motor integration and ex-
ecutive functioning.

Conclusion: While the majority of the participants demonstrate psychosocial resiliency, a subgroup present with difficul-
ties suggesting the need for intervention. Cognitive/neuropsychological functioning suggests poorer functioning with pat-
terns similar to other high-risk pediatric populations. These results are preliminary and further research on long-term psy-
chosocial and neuropsychological development of pediatric heart transplant recipients is needed to better understand and

ameliorate developmental trajectories.
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INTRODUCTION

In order to best understand the psychosocial considera-
tions for the adolescent who has been a recipient of a heart
transplant it is important to note the primary tasks of typical
adolescence. Adolescence has generally been considered to
be a transitional period from childhood to adulthood. In re-
cent decades, however, considerable research has focused on
this period due to the number of distinctive changes that is
noted to occur during this time. Researchers have focused on
three primary forms of changes — biological, social, and cog-
nitive [1]. Significant physical changes associated with pu-
berty marks the beginning of the period. Transformations in
parent-child and peer relationships as well as increase in the
social contexts that adolescents engage in are also hallmarks
of this period. Literature has shown that the relationship be-
tween parent-child alters considerably as adolescents attempt
to gain autonomy and transition in adulthood [1,3-4]. Fur-
ther, individuals are noted to spend considerably more time
with peers and place more importance on peer relationships
during adolescence than childhood [2]. Intimate romantic
relationships also begin to emerge during this period. The
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last form of change noted during the adolescent period is in
their cognitive functioning as abstract reasoning and critical
thinking skills further develop. The interaction of these
forms of change and environmental and societal context
within which an individual exists is noted to produce the
developmental outcomes of this period — adaptive psychoso-
cial functioning, self-identity, and autonomy [1].

Given the significant developmental changes that occur
during adolescence, this period is frequently depicted as a
time of stress and conflict [1]. Grotevant explains that the
changing parent-child and peer relationships, the choices and
decisions frequently confronting them, and the expectations
placed on them can cause typical adolescents to experience
significant levels of stress and anxiety from time to time.
This raises the question of the emotional and behavioral
status of adolescents who are experiencing significant bio-
logical and environmental stressors, such as those with a
chronic medical condition. Adolescents with chronic ill-
nesses face unique challenges in their attempts to gain
autonomy and transform their relationships with their parents
or caregivers [5]. They may also experience social delays
due to their medical history and difficulty in forming age-
appropriate peer relationships [5]. Additionally, they can
evidence cognitive deficits that prevent them from acquiring
the skills that are noted to emerge during adolescence [6-9].
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This underscores the potential for psychosocial difficulties
and identity problems in adolescents with chronic medical
conditions that need to be explored further. In line with the
intent of this paper, these issues will be addressed in adoles-
cents who are recipients of a heart transplant.

Pediatric Heart Transplantation

Since 1982, more than 8500 pediatric heart transplanta-
tions have been successfully completed around the world
[10]. Of these 8500, 24% were infant heart transplantations.
The median survival time period for pediatric transplantation
was 11.3 years and infant transplantation was 18.3 years.
This data from the International Heart and Lung Transplanta-
tion (ISHLT) registry indicates that the majority of the trans-
plant recipients are surviving into their late adolescence and
early adulthood. Given the improved health outcomes of the
pediatric transplant recipients, research attention has begun
to focus on growth, development (cognitive and psychoso-
cial), and quality of life of the adolescent who has been a
heart transplant recipient.

Purpose

The purpose of this paper is two fold; first, to review the
literature regarding current understanding and findings on
the psychosocial and neurodevelopmental functioning of
adolescents who have undergone a heart transplant. Second,
we provide preliminary descriptive data from several studies
being conducted at Loma Linda University International
Heart Institute with adolescents who underwent heart trans-
plantation prior to the age of one year. This is a very unique
population in that they have had to live with the transplanta-
tion and treatment follow-up almost since birth unlike the
majority of current adolescent transplantation patients who
would have generally acquired the need for transplantation
later on in life. Further, since Loma Linda University per-
formed the first successful newborn heart transplant it repre-
sents the oldest infant heart transplant recipients nationally.
In keeping with the articles’ intent, we will examine in our
first study the psychosocial functioning and quality of life of
infant heart transplant recipients during adolescence. In the
second study we discuss neurodevelopmental outcomes and
provide preliminary cognitive and neuropsychological data
obtained from older adolescents and young adults.

STUDY 1: PSYCHOSOCIAL FUNCTIONING IN
ADOLESCENTS WHO ARE PEDIATRIC HEART
TRANSPLANT RECIPIENTS

Recipients are frequently noted to experience significant
improvements in functioning after the transplant as they ex-
perience fewer hospitalizations and are able to engage in
age-appropriate activities, such as attending schools, partici-
pating in sports, and spending time with friends [5,11]. Re-
cipients, however, also need to be on immunosuppressant
therapy life-long to prevent organ rejection and cope with
dietary and activity limitations [5,12]. They still need to at-
tend regular clinical appointments to monitor functioning
and undergo laboratory tests and medical procedures. Fur-
ther, the immunosuppressant therapy is noted to have ad-
verse side effects in that it alters the physical appearance of
users, may cause mood fluctuations and cognitive changes,
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and increases the risk of infections [12]. Additionally, recipi-
ents constantly face the fear of organ rejection and future
health status concerns [5]. Given the chronic health stressors
that recipients experience, there are concerns noted in the
literature regarding their psychosocial functioning and
potential for developing an Affective Disorder, such as
Anxiety, Depresssion, or Posttraumatic Stress Disorder
(PTSD) [11,13-19].

Social Functioning

As mentioned previously, peer relationship becomes
increasingly more important as children grow into
adolescence. As such, age-appropriate social experiences and
skills are necessary to develop those relationships. While
studies examining the social functioning of heart transplant
recipients are limited those that focus on adolescent
transplant recipients are virtually nonexistent. The few
studies that have examined the social functioning of children
and adolescent heart transplant recipients have consistently
found that recipients tend to have poorer social skills than
their healthy peers [5,11,20]. Uzark et al (1992) found that
transplant recipients were overall assessed to have lower
social competence than their healthier counterparts, and that
over one third of them were below normal range [11]. Wray
and Radley-Smith (2006) found that over half of the
pediatric heart transplant recipients in their study were
assessed to have significant social deficits, with boys, in
particular, obtaning very low scores on this domain [20].

The lower social competence evidenced by the recipients
has generally been attributed to their absence from normal
social situations that would promote social skills, such as
school, playdates, and extracurricular activities [5,11,20].
There is also some thought that parental overprotection can
inhibit social development, particularly in adolescence.
Parental overprotection can result in parents limiting the
child’s social activity opportunities due to their fears of
organ rejection or infection [20-21]. Further, reseach has
suggested that the negative side-effects the immuno-
suppressants have on physical appearance may result in body
image issues and low self-esteem, which can impact the
recipient’s functioning in social situations [20]. In addition,
the recipient’s own anxieties about their health, discomfort
with being treated as a healthy individual, and fear of
rejection by peers may prevent them from engaging in social
activities [20].

Self-Concept and Self-Esteem

There is a dearth of research examining self-esteem and
self-concept in pediatric heart transplant recipients. Concerns
have been raised regarding feelings of inadequacy or
inferiority in heart transplant recipients secondary to impact
of immunosuppresants on physical appearance, activity
limitations, and cognitive impairment [5,11,20]. Further,
there is some thought that just the awareness of being diffe-
rent can have a negative impact on self-esteem as acceptance
by peers is one of the primary goals during adolesence.

There have however, been no consistent research
findings in this domain. Uzark et al (1992) found that heart
transplant recipients assessed themselves similarly to their
healthy peers on measures of self-concept and self-esteem



Psychosocial Implications

[11]. In contrast, Mellander, Berntsson, and Nilsson (2006)
found that children who had undergone the Norwood
procedure as treatment for HLHS expressed more feelings of
inferiority and lower self-esteem than their peers [22]. Other
studies examining self-esteem and self-concept in heart
transplant recipients and children/adolescents with conge-
nital heart disease have noted that a significant percentage of
the adolescents evidenced poor self-concept [23-24]. It is
difficult to compare these studies as the methodology,
including participants and measures, were considerably
different in each study. However, the paucity of data
examining these factors, inconsistent findings, and reasons
for concern beg for additional research on this topic.

Behavioral and Emotional Functioning

Research on psychosocial functioning in pediatric
transplant recipients indicate that the majority adapt to the
transplantation without significant difficulty [13,25]. A
significant minority, however, are noted to exhibit clinical
levels of behavioral, emotional, and/or psychiatric
difficulties. Studies have suggested that between 20 and 52%
of the recipients exhibit behavioral issues, the majority
consistent with depression [6,11,13-14,20,26]. Uzark et al
(1992) noted that approximately one third of recipients in
their study, assessed 4-60 months after transplantation, had
behavioral difficulties [11]. Serrano-lkkos et al (1999) found
that over 50% of the heart transplant recipients experienced
emotional and behavioral difficulties [14]. Wray and
colleagues followed heart transplant recipients for three
years following transplant and found again that approxi-
mately one third of the participants evidenced behavioral
problems, when only those participants that completed all
three evaluation sesisons were considered [6,15,20]. One
point of interest in the Wray et al studies was that recipients
were primarily exhibiting behavioral difficulties at home and
not at school, as rates of behavioral difficulties at school
significantly decreased over the three year period.

In terms of psychiatric symptoms, Serrano-lkkos et al
(1999) found that 26% of the participants had a diagnosable
psychiatric disorder consistent with Anxiety, Depression,
and Adjustment disorder [14]. Wray et al (2004) noted
depressive symptoms in approximately 13% of transplant
recipients in their study [16]. Several studies also examined
the psychosocial functioning of recipients before and after
transplantation and have consistently found a decrease in
psychiatric and behavioral symptoms from pretrans-
plantation to posttransplantation [13-14,16,27].

Overall, a significant percentage of pediatric heart
transplant recipients have consistently been found to have
behavioral and psychiatric difficulties. One caveat to this
discussion is that none of these studies have focused solely
on adolescents, the majority consisting of convenience
samples that include both children and adolescent recipients.

Quality of Life

Assessing quality of life is one method of study for
addressing the effectiveness of a medical procedure, such as
transplantation. There are many ways of assessing quality of
life, but the most common in health-based research is to
examine health-related quality of life (HRQoL), or the effect

Current Cardiology Reviews, 2011, Vol. 7, No. 2 125

of medical ilnesses on everyday functioning. There is a
significant paucity of objective data examining the HRQoL
in pediatric heart transplant recipients as a majority of the
researchers have utlized data regarding low incidence of
medical consequences, school attendance, or reduction in
behavioral and psychosocial functioning as evidence of
improved HRQoL [28-30]. A single study examining
HRQoL in a small sample of adolescent heart tranplant
recipients noted average perceived HRQoL [31].

There have been a few studies assessing HRQoL in
children with general cardiovascular conditions as well as
with other pediatric transplant recipients [17-18,32]. One
study examining the HRQoL of children and adolescents
with cardiovascular disease found that recipients had
significantly lower scores on all HRQOL domains in
comparison to the normative population [32] DeMaso et al
(2004) evaluated HRQoL in children and adolescents with
Implantable Cardioverter-Defibrillators (ICDs) for correcting
ventricular arrhythmias and noted that the participants had
signifcantly lower physical quality of life [17]. The partici-
pants also obtained lower scores on multiple psychosocial
quality of life domains including the social limitations and
self-esteem. Additionally, the study noted that illness
severity was not correlated with quality of life. Studies
examining HRQoL in pediatric liver and renal transplant
recipients also indicated lower scores on all domains of the
HRQoL, similar to children with chronic medical condition
[33-35]. Bucuvalas et al (2003) in evaluating pediatric liver
transplant recipients noted that age at time of transplant, time
since transplantation, and the number of hospitalizations the
previous year were all predicitive of HRQoL [33].

Adherence

Adherence is an important topic of investigation,
particularly with adolescent transplant recipients, because of
the negative impact it can have on their health status and
mortality [36]. Adolescent transplant recipients appear to be
at particular risk for non-adherence for multiple reasons.
First, the adolescent time period itself appears to be a risk
factor for non-adherence due to increased need during this
period to conform with their peer group and suppress any
qualities that make them appear different [19]. Additionally,
body-image becomes very important during this period as it
is associated with peer acceptance, and the negative impact
immunosuppresant therapy has on physical appearance may
cause adolescents, especially girls, to stop taking the
medication [19]. Third, parents may expect adolescents to be
more responsible for their own medical management and
provide less supervision than they would with younger
children [37]. Fourth, there is data from pediatric cancer and
the adult transplant literature that suggests patients become
less adherent to medical regimen over time, which connotes
increased rates for adolescence given that many of them
were transplanted as infants or younger children [38-39].
Finally, the normal stressors that occur during adolescence
can interact with the stressors that are a result of the chronic
illness to create psychological distress, which also increases
the risk of non-adherence [25].

There are again very few studies examining non-
adherence in pediatric transplantion recipients. Serrano-
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Ikkos et al (1998) examined adherence to Cyclosporine,
through blood level assays, in child and adolescent heart
transplant recipients and found that approximately one third
of the participants presented with non-optimal adherence
[37]. The study also noted that there was significant age
difference as all of the participants who evidenced poor
adherence were older children and adolescents, over the age
of 10. Wray et al (2006) evaluated nonadherence to
medication in adolescent heart transplant recipients through
the use of questionnaires and noted 28% of the recipients
engaged in unintentional non-adherence, “forgetting to take
the medication”, and 18% engaged in delibrate non-
adherence [40]. Unintentional non-adherence was associated
with being preoccupied with the illness and its effects and
concern about the effect of medication; while delibrate non-
adherence was related to depressive symptoms and medical
side-effects to the transplant procedure. Overall the two
studies noted that a significant percentage of the recipients
are non-adherent with the medical regimen, consistent with
data obtained regarding non-adherence in other pediatric
transplant recipients (liver and kidney) and those with
chronic diseases [41-43].

Literature Summary

There are significant limitations in the current under-
standing of the long-term psychosocial sequelae of pediatric
heart transplantation. The low number of existing studies, the
variability in the participants and methodologies make it
difficult to generate conclusions based on this data. Further,
studies in only one domain have actually focused on
adolescence, non-adherence, with all others evaluating a
sample of children and adolescents. Additionally, none of the
studies have examined functioning beyond the 10 year mark
and most assessed functioning 1-3 years after trans-
plantation, thus any conclusions that can be drawn from this
data is limited to this short outcome period. In the following
section the authors present preliminary data from an ongoing
study assessing psychosocial functioning and quality of life
in adolescents who recived their heart transplant during
infancy.

STUDY 1: METHODS

Participants and Procedures

All infants who had undergone heart transplant at Loma
Linda University Children’s Hospital were provided oppor-
tunities to participate in neurodevelopmental and psychoso-
cial evaluations through the Department of Pediatrics Psy-
chology Services as part of the LLU International Heart In-
stitute’s standard of care and/or research programs via insti-
tutionally approved IRB studies. Only caregivers who have
consented to their child’s information being utilized for re-
search purposes are included. For the current study, the study
investigators specifically identified adolescents between the
ages of 12 and 17, who were eligible to participate in this
study. The families of these identified adolescents were
mailed a packet consisting of a letter explaining the study,
consent forms, and psychosocial and quality of life question-
naires to be completed by the adolescent and a caregiver.
The transplant team coordinator contacted the families to
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remind them to return the completed questionnaires 5-6
weeks after the packets were initially mailed out. The fami-
lies contacted included both those who were obtaining fol-
low-up care at LLUCH and at other centers; however, all of
them had obtained their heart transplant at LLU Children’s
Hospital.

The return rate for the packets at the time of analysis was
approximately 34%. Participants included 22 adolescents (14
males, 8 females) between the ages of 12 and 17 years
(Mean Age = 15yrs, SD = 1.6) and their caregivers. They
were predominantly Caucasian (n = 14), followed by Latino
(n =7), and 1 individual of unspecified ethnicity. The par-
ticipants were all transplanted prior to the age of 1 (Mean
Age at time of transplant = 74.2 days, 87.7 SD).

Measures

Behavior Assessment System for Children, Second Edi-
tion (BASC-2): The BASC-2 is a highly reliable and valid
multimodal system for assessing behavior, psychosocial, and
adaptive functioning in children and adolescents [44]. Two
forms of the BASC-2 were administered to the participants
in the study — the parent report form (BASC-2 PRS) and the
adolescent self-report form (BASC-2 SRP). BASC-2 sub-
scale and composite scores are T-scores with a mean of 50
and standard deviation of 10. Scores above 60 are considered
to be in the clinical range for behavior scales and composite,
while scores below 40 are considered to be in the clinical
range for adaptive scales.

BASC-2 PRS consists of 14 subscales which compose 4
composites assessing overall behavior problems. Subscales
and composites of this measure were utilized to examine the
self-esteem, social functioning, and behavioral functioning
of adolescent heart transplant recipients.

BASC-2 SRP consists of 16 subscales that derive 5 com-
posite scores examining overall self-perception of behavioral
functioning. Similar to the BASC-2 PRS, many but not all
subscales and composites were utilized in this study in as-
sessing adolescent self-perceptions of behavior, social func-
tioning, and self-esteem and self-concept.

Piers-Harris Self-Concept Scale, Second Edition (PH-2):
PH-2 is a self-report measure of self-esteem and self-
concept. The measure assesses self-concept along 6 dimen-
sions — Behavioral Adjustment, Intellectual and School
Status, Physical Appearance and Attributes, Freedom from
Anxiety, Popularity, and Happiness and Satisfaction. The
composite and total scores are T-scores with a mean of 50
and standard deviation of 10, with scores below 40 indicat-
ing clinical concern. The measure has adequate reliability
and is normed for children between the ages of 7 and 18
years [45].

Trauma Symptoms Checklist for Children (TSCC):
TSCC is a self-report measure of posttraumatic distress and
psychiatric symptoms in children and adolescents between
the ages of 8 and 16 years. The alternate version of the
TSCC was used in this study and it is noted to assess for
symptoms along 5 clinical dimensions — anxiety, depression,
anger, posttraumatic stress disorder, and dissociation. The
scores of all 5 scales are T-scores with mean of 50 and stan-
dard deviation of 10, with scores above 60 indicating clinical
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concern. The measure is noted to have acceptable reliability
and validity for use with children and adolescents who have
experienced a traumatic event [46].

Children’s Health Questionnaire, parent form (CHQ-
PF50): Parents and caregivers completed the CHQ-PF50 as a
measure of the participants’ health-related quality of life.
CHQ-PF50 assesses health, behavioral, and psychological
functioning from 11 multi-item scales and 2 composites —
Physical and Psychosocial Quality of Life. Higher scores on
the scales indicate better functioning on those domains. The
Physical and Psychosocial Quality of Life composite scores
are T-scores with a mean of 50 and standard deviation of 10,
with scores below 40 indicating poor quality of life. The
measure is highly reliable and well validated for use with
chronically ill children and adolescents [47].

Analyses

Descriptive statistics were used to assess the behavioral,
psychological, and social functioning of the participants as
well their self-concept and quality of life. One-way analysis
of variance was used to evaluate for differences in function-
ing by gender and ethnicity. Additionally, bivariate correla-
tions were conducted to examine the relationships between
age and the different behavioral, self-concept, and quality of
life factors.

STUDY 1: RESULTS

Social Skills

Both parent and adolescent perceptions of the partici-
pants’ social skills were obtained through completion of the
study questionnaires. Overall, the participants’ social skills
were assessed to be in the Average range. Table 1 provides
mean scores and standard deviations on the different social
skills scales obtained. Importantly, however, upon closer
examination and looking at frequency distributions on the
different scales a significant minority of the group are noted
to have social difficulties. Parent report measures indicated
that between 20 and 24% of the participants evidenced defi-
cits at the clinical level that require intervention. Parents
reported concerns regarding basic social skills such as being
polite (saying “please” and “thank you”) and complimenting
and encouraging others with more advanced skills such as
engaging in extracurricular activities. They also indicated
worries about being isolated from peers either through active
avoidance on participants’ end or not having the opportunity
to engage with others due to physical or psychological limi-
tations. The frequency was slightly lower on the self-report
measures; however, 15-23% of the participants indicated that
they were experiencing social difficulties at the clinical level.
These participants reported that they have difficulty relating
to their peers, have limited friends, and that social situations
cause considerable stress and discomfort.

One-way ANOVAs were conducted to determine
whether there were any differences in social skills by ethnic-
ity or gender. No statistically significant differences were
noted by ethnicity (F = 0.104-2.496, p = 0.902-0.112) or by
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Table1l. Group Mean and Standard Deviations for the Social
Skills Scales.
Mean Standard
Deviation
BASC-2 PRS Social Skills* 50.67 8.9
BASC-2 PRS Leadership? 46.52 10.8
BASC-2 PRS Withdrawal® 52.57 9.2
BASC-2 SRP Interpersonal Skills® 51.15 126
BASC-2 SRP Social Stress® 48.30 16.1
PH-2 Popularity® 48.45 13.9
CHQ-PF50 Role/Social Limitation Emo- 87.2 25.6
tional/Behavioral®
CHQ-PF50 Role/Social Limitation Physical® 91.7 15.8

Subscales from Behavior Assessment System for Children, Second Edition Parent and
Self-report forms (BASC-2 PRS & SRP); Piers-Harris, Second Edition (PH-2); and
Children’s Health Questionnaire Parent Form (CHQ-PF50) were utilized to assess
social functioning.

Subscales have a mean 50 and standard deviation of 10, with scores below 40 indicat-
ing clinical concern.

°Subscales have a mean 50 and standard deviation of 10, with scores above 60 indicate
clinical concern.

‘CHQ-PF50 Role/Social Limitation Emotional/Behavioral normative population mean
=90.4,19.55D

9CHQ--PF50 Role/Social Limitation Physical normative population mean = 91.5,
18.9SD

gender (F = 0.000-3.523, p = 1.00-0.076). Bivariate correla-
tions were run to examine associations between age and so-
cial skills. Moderate positive correlations were noted be-
tween parent report of social skills and age, indicating that
parents of the older participants perceive them to have better
social skills than the parents of the younger participants.
Moderate negative correlations were found between parent
report of withdrawal behaviors and age, indicating younger
participants tend to withdraw more than older participants.

Self-Concept and Self-Esteem

Both parent and self-perceptions of the participants’ self-
concept and self-esteem was obtained through multiple study
questionnaires and scales. The self-concept and self-esteem
of the overall group was found to be within normal limits
(See Table 2). A percentage of the group, however, did evi-
dence significantly lower scores than the population mean.
On a parent reported scale, roughly 30% of the participants
obtained scores more than a standard deviation below the
population mean. This scale included items assessing the
parents’ perceptions of participants’ satisfaction with their
school functioning, peer relationships, and life overall
(CHQ-PF50 Self-Esteem). In addition, self-report measures
indicated that between 5 and 25% of the participants reported
clinical scores on various self-concept and self-esteem do-
mains. Participants generally did not report concerns with
their appearance, their intellectual and school status, or their
behavior. They were, however, more likely to assess them-
selves as being inadequate in meeting their own or others’
expectations and in being less confident in their ability to
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Table2. Group Means and Standard Deviations for the Self- Table 3. Group Means and Standard Deviations for the Behav-
Concept Scales ior Scales
Mean Standard Mean Standard
Deviation Deviation
CHQ-PF50 Self-Esteem? 74.78 16.6 BASC-2 PRS Behavioral Symptoms Index? 53.30 10.8
BASC-2 SRP Sense of Inadequacy” 53.20 12.9 BASC-2 PRS Externalizing Behavior 49.50 7.0
BASC-2 SRP Self-Esteem® 49.75 122 BASC-2 PRS Hyperactivity 5162 90
. . BASC-2 PRS Aggression® 48.05 7.7
BASC-2 SRP Self-Reliance 47.80 10.8
: - BASC-2 PRS Conduct Problems ? 49.00 6.8
PH-2 Behavioral Adjustment’ 52.36 10.2
BASC-2 PRS Internalizing Behavior* 55.00 111
PH-2 Intellectual and School Status® 47.77 9.5
BASC-2 PRS Anxiety’ 49.05 9.7
PH-2 Physical Appearance® 53.32 10.2
BASC-2 PRS Depression® 55.05 10.6
PH-2 Freedom from Anxiety 1930 19 BASC-2 PRS Somatization® 58.05 121
PH-2 Popularity® 48.45 13.9
pularity BASC-2 PRS Atypicality* 55.25 133
PH-2 Happiness and Satisfaction® 51.23 8.8 BASC-2 PRS Withdrawal® 5257 92
C
FH-2 Total 51.59 123 BASC-2 PRS Attention Problems® 52.95 107
Subscales from Behavior Assessment System for Children, Second Edition Self-report . .
form (BASC-2 SRP); Piers-Harris, Second Edition (PH-2); and Children’s Health BASC-2 SRP Emotional Symptoms Index 50.50 138
Questionnaire Parent Form (CHQ-PF50) were utilized to assess self-concept and self- BASC-2 SRP Internalizing Problems * 51.45 13.6
esteem functioning. Y ’ ’
*CHQ-PF50 Self-Esteem normative population mean = 79.3, 17.8SD BASC-2 SRP Atypicality® 51.10 11.6
°Subscales have a mean 50 and standard deviation of 10, with scores above 60 indicat-
ing clinical concern BASC-2 SRP Locus of Control® 50.40 12.2
Subscales have a mean 50 and standard deviation of 10, with scores below 40 indicat-
ing clinical concern BASC-2 SRP Social Stress® 48.30 16.1
. . - T - - - i N
make decisions and cope with difficulties they are likely to BASC-2 SRP Anxiety 49.50 128
experience. Further, approximately 15-29% of the partici- BASC-2 SRP Depression® 4855 12.1
pants assessed themselves as having very low self-esteem. BASC.2 SRP S nad N 5320 129
Overall, a significant percentage of the participant group - ense ot Inadequacy ; ;
reported problems with self-esteem and self-concept includ- BASC-2 SRP Somatization® 54.40 115
ing feeling of inadequacy, lack of confidence in self, low ego BASC.2 SRP Inattention/Hvberactivity® £0.70 115
strength, and poor peer relationships. ) lon/Hyperactivity ' '
: a
No differences in self-concept by ethnicity or gender BASC-2 SRP Attention Problems 5265 13.0
were noted (Ethnicity: F = 0.088-1.908, p = 0.916-0.181; BASC-2 SRP Hyperactivity® 48.55 9.2
Gender: F = 0._0_00-3.199, p= 1.0_0-0.089). One scale that qlld BASC-2 SRP Sensation Seeking’ 4745 106
approach significance was Physical Appearance and Attrib-
utes on which girls had lower scores than boys (Female = PH-2 Freedom from Anxiety” 49.36 11.9
48.8_9 & Males = 56.38). This suggests girls report less satis- TSCC Anxiety? 18.38 86
faction with appearance than boys, though both group means
are within normal limits. Further, moderate negative correla- TSCC Depression® 46.75 8.6
tions were nqted between age and se_veral self-concept do- TSCC Anger’ 4333 65
mains including BASC-SRP Self-Reliance (r = -0.321) and
Physical Appearance and Attributes (r = -0.235), indicating TSCC PTSD® 47.42 10.1
that oldqr adolescents reported more problems. with their TSCC Dissociation® 4971 05
self-confidence and appearance than younger children (pre-
adolescents). CHQ-PF50 Behavior 78.47 15.1
c
Behavior CHQ-PF50 Mental Health 81.25 12.3

Similar to the outcomes in the other areas measured in
this study the participants’ behavior overall was assessed to
be in the Average range on both parent and self-reports,
though a significant percentage were noted to have clinical
scores on various behavioral scales (See Table 3). Approxi-
mately 40% of the participants were assessed to be in the

Subscales from Behavior Assessment System for Children, Second Edition Parent and
Self-report forms (BASC-2 PRS & SRP); Piers-Harris, Second Edition (PH-2); Trauma
Symptom Checklist for Children (TSCC); and Children’s Health Questionnaire Parent
Form (CHQ-PF50) were utilized to assess behavioral functioning.

®Subscales have mean 50 and standard deviation of 10, with scores above 60 indicating
clinical concern

°Subscales have mean 50 and standard deviation of 10, with scores below 40 indicating
clinical concern
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clinical range on the overall behavior scale based on parent
report in comparison to 25% by self-report. Concerns were
predominantly raised on attention regulation (29% parent,
30% adolescent), depression (29% parent, 12-15% adoles-
cent), hyperactivity (24% parent, 15% adolescent), atypical-
ity (25% parent, 5% adolescent), and anxiety (14% parent,
12-20% adolescent). Further, parents reported that a signifi-
cant percentage of the adolescents engage in withdrawal be-
haviors (24%); while adolescents indicated that many feel
they have little control over their own lives (25%). A signifi-
cant percentage of the participants were noted to have physi-
cal ailments or limitations that are impacting their function-
ing (43% parent, 30% adolescent), however, given the par-
ticipants’ medical issues, this should not be interpreted be-
yond noting that the participants’ do have limitations that are
impacting their functioning.

There were no differences in behavior by gender or eth-
nicity. Moderate positive and negative correlations were
noted between age and different behavioral scales. Positive
correlations were noted between age and self-report attention
problems (r = 0.361), self-report anxiety (PH-2 Freedom
from Anxiety r = 0.388), and parent report measure of be-
havior (CHQ-PF50 r = 0.237). Negative correlations were
found between age and parent-report withdrawal behaviors (r
= -0.306) and self-report need for risky or sensation seeking
behaviors (r = -0.301). This suggests that older adolescents
evidence more attention problems but less withdrawal be-
haviors, sensation seeking behaviors, and anxiety than
younger adolescents. The behavior of older participants is
also rated more positively than behaviors of younger partici-
pants.

Quality of Life

Parents overall assessed participants’ health related qual-
ity of life to be within normal limits both on the physical and
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psychosocial domains (see Table 4). Subscale means were
also roughly close to the population means on the CHQ-
PF50 except on the General Health Perceptions scale, which
was over a standard deviation below the population mean (z
= -1.243). In terms of frequency, a majority of the parents
expressed concerns about participants’ general health, with
over 75% indicating their child’s current health is poor and
will continue to deteriorate, and presence of pain and dis-
comfort (25%). They also indicated that the participant’s
health considerably lessens their social and day-to-day func-
tioning (20%). Further, a significant number of parents indi-
cated that their child’s health has an impact on their own
emotional functioning and consumes much of their time (Pa-
rental Impact Emotional = 25%; Parental Impact Time =
20%). As such, a considerable percentage of the participant
pool acknowledged functional limitations to physical ail-
ments and poor physical quality of life. Most parents as-
sessed their children’s psychosocial quality of life to be av-
erage or above average, though a percentage did indicate
concerns regarding their child’s self-esteem. Approximately
20% of the participants were also noted to be limited in their
social interactions because of their behavior or emotional
functioning. Overall, participants’ psychosocial quality of
life was assessed to be significantly superior to their physical
quality of life, though both were primarily within normal
limits.

No differences in quality of life were noted by either
gender or ethnicity (F = 0.000-2.749, p = 1.00-0.092). One
scale that did approach significance was CHQ-PF50 Bodily
Discomfort (F = 2.749, p = 0.092), with Caucasian partici-
pants obtaining lower rating on pain level and frequency
than Latino participants (Caucasian = 81.54, Latino = 65.00).
Moderate positive correlations were noted on several of the
psychosocial scales (Psychosocial Summary = 0.363 and
Behavior = 0.237) and parental impact scales (Parental Im-
pact Emotional = 0.544 and Parental Impact Time = 0.566).

Table4. Normative and Group Means and Standard Deviations for health related quality of life (HRQoL)
Normative Mean (Standard Deviation Group Mean (Standard Deviation)
Physical 50 (10) 45.78 (7.9)
Psychosocial 50 (10) 50.71 (10.5)
Physical Functioning 90.85 (16.4) 91.66 (14.1)
Social Limitation Emotional/Behavioral 90.40 (19.5) 87.22 (25.6)
Social Limitation Physical 91.50 (18.9) 91.67 (15.8)
Bodily Pain 78.68 (20.7) 77.50 (18.9)
Behavior 72.31 (17.1) 78.47 (15.1)
Mental Health 77.26 (13.7) 81.25 (12.3)
Self-esteem 79.26 (17.8) 74.78 (16.6)
General Health Perceptions 66.70 (19.4) 42.63 (22.0)
Parental Impact Emotional 73.98 (21.4) 62.08 (29.7)
Parental Impact Time 83.88 (20.3) 87.78 (16.5)

CHQ-PF50 subscales and composites scores were used to assess health related quality of life. This table presents the normative mean and standard deviations as well as the mean and

standard deviation for the study participants



130 Current Cardiology Reviews, 2011, Vol. 7, No. 2

STUDY 1: DISCUSSION

The results of this preliminary examination are in many
ways consistent with the existing literature on the behavioral
and psychosocial functioning of heart transplant recipients.
DeMaso et al (2009) indicated that a majority of children
and adolescents with chronic illnesses do not present with
noticeable emotional or behavioral difficulties, but may be at
risk for subclinical levels [18]. Similarly, a majority of the
participants in this study did not evidence significant behav-
ioral, emotional, social, or physical ailments. They are func-
tioning equivalently to their peers, with the exception of a
greater focus on their health. A significant minority, how-
ever, do present with clinical difficulties that should be clini-
cally addressed.

Approximately 24% of the participants presented with
social deficits including impairments in basic social func-
tioning, avoidance of social engagement, and discomfort
with social situations. This is slightly lower than rates in
previous studies by Uzark et al (1992) and Wray and
Radley-Smith (2006) [11,20]. Further, no gender differences
were noted with regard to social functioning, contradicting
previous findings suggesting boys exhibited greater deficits
than girls'. The lower rate in this study could be attributed
to the demographics of the participants group, as they were
on the whole significantly older than either of those partici-
pant groups and consisted of fewer girls. Further, it could be
hypothesized that transplant recipients acquire more appro-
priate social skills as they developmentally mature into
adolescence and spend less time in hospitals or have had
longer adaptation time to their functional status. The greater
biological and cultural impetus to cultivate peer social
relationships during adolescence may also be positively
influencing recipients to develop social skills and engage in
social interactions. This may be particularly true for
adolescent male recipients, as there appears to be more
cultural focus on adolescent males becoming independent
from parents and family than adolescent females [48-49].

A significant percentage of the study participants were
also noted to have poor self-esteem and self-concept, particu-
larly in relation to feeling inadequate in meeting expecta-
tions, making decisions, and feeling a lack of control over
life events. The data to date examining self-esteem in pediat-
ric transplant recipients has been inconclusive with several
studies indicating that they have lower self-esteem and other
stating that there is no difference between their self-esteem
and that of healthy controls [11,22-24]. Further, in studies
that have suggested that they have lower self-esteem, the
causes for the lower self-esteem has varied ranging from
activity restrictions due to neurological or physical problems
to differences in physical appearance. Adolescents in this
study indicated that they did not feel different from their
peers on physical appearance, intellectual or school function-
ing, and experienced limited activity limitations. Their pri-
mary symptoms were feelings of ineffectiveness and inade-
quacy. Given that the participants in the previous studies
were considerably younger; it may be that these study par-
ticipants are more cognitively aware of their functioning
differences and as such the difficulties they are encountering.
Additionally, adolescents are likely more focused on the
future, their potential and expectations placed on them, than
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children; this likely reflects in the type of symptoms they
endorsed.

Research acknowledging behavioral difficulties and psy-
chiatric symptoms in pediatric heart transplant recipients is
quite common. The majority of the studies have indicated
that between 20 and 50% of the participants exhibit some
behavioral or emotional symptoms, mainly internalizing
problems such as depression. The results of this study are
consistent with previous studies stating that about 40% of
participants presented with significant behavioral or emo-
tional problems. The primary problem for this age group, in
contrast to previous study groups, was attention problems. A
significant percentage were also noted to exhibit depressive
symptoms similar to previous studies, however the high
prevalence rate of attention problems was a new finding
unique to this study. These results may be limited to this
study’s population, the higher number of male gender par-
ticipants, or behavior problem areas may change over time.
Depressive and anxious symptoms can also cause adoles-
cents to appear inattentive and highly distracted thus sug-
gesting the need for more in-depth understanding of this en-
dorsement. Further, heart transplant recipients are noted to
present with cognitive and language weaknesses, which may
be contributing to the attention difficulties [50] and are a
symptom of their other neuropsychological concerns rather
than purely an ‘attention’ deficit. It may be that these symp-
toms are exaggerated during adolescence because of the
stressors and demands placed on them during this period.

HRQoL data from this study suggests that transplant re-
cipients’ overall quality of life is similar to that of their
healthy peers, though there are more concerns regarding their
health and they present with higher rates of physical discom-
fort. DeMaso et al (2004) obtained similar results when ex-
amining quality of life in children with ventricular arrhyth-
mias [17]. Overall, the results indicate that adolescent recipi-
ents present with mild impacts to their physical functioning
but generally appropriate psychosocial functioning.

STUDY 1: CONCLUSIONS

During adolescence, a majority of infant heart transplant
recipients are functioning similarly to their peers in terms of
behavioral, emotional, and social health. Their quality of life
is also generally high, though there are concerns about their
health and bodily discomfort. A small but significant per-
centage, however, were noted to have social deficits, low
self-esteem, and behavioral difficulties related to attention
problems and internalizing symptoms such as depression and
anxiety. Given that adolescence is period of tremendous
growth and change, there are concerns about functional
status of this small group and their ability to acquire the dif-
ferent life skills inherent to this period.

STUDY 1: LIMITATIONS & FUTURE DIRECTIONS

This current study is merely a snap-shot of functioning
during adolescence. It is difficult to draw conclusions based
on this data on whether functioning has improved over time
for heart transplant recipients. There is also no way to draw
conclusions regarding whether the recipients’ current func-
tioning is directly related to their medical issues. This data
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does, however, inform us on current functional status and
offers suggestions as to what issues pediatric heart transplant
recipients may be at risk for and hence allow for more tar-
geted intervention.

The psychosocial development of infant heart transplant
recipients should be examined longitudinally to determine
the relationship between medical issues and functioning.
Additionally, studies need to begin examining the impact of
recipient’s relationship with their parents on their function-

ing.

STUDY 2: NEURODEVELOPMENTAL FUNCTION-
ING IN PEDIATRIC HEART TRANSPLANT
RECIPIENTS

Severe cardiac defects and diseases requiring trans-
plantation are noted to impact neuropsychological and
cognitive development [6,50]. This section provides an
overview of the literature discussing neurodevelopmental
outcomes in pediatric heart transplant recipients AND then
includes related preliminary data from adolescents who
received their heart transplant during infancy from the

authors' ongoing research studies in this area.

Neurodevelopmental Outcomes

Cognitive and neuropsychological functioning remain
areas of concerns in child and adolescent heart transplant
recipients. Consistently research to date has demonstrated
that recipients evidence delays in development and lower
cognitive functioning in relationship to healthy peers [6-
9,50-51]. Studies evaluating early development in infant
recipients have noted low average to average performance on
the mental and motor indices [8,50-51]. These studies also
indicated that a significant percentage of the participants
were well below the mean on both indices. Further, one
longtitudinal study demonstated a decrease in mental index
scores over time, likely the result of the predominance of
langauge and abstract reasoning tasks at the older ages [51].

In older heart transplant recipients, cognitive functioning
was found to be in the Average range but signficantly lower
than that of healthy peers [6-9,50,52-53]. Impairments in
receptive and expressive language were noted as well, with
participants generally performing 0.66 to 1 standard
deviation below the mean [50]. Further, Baum et al (2004)
noted that academic functioning was consistent with the
recipients’ cognitive potential, but significantly lower than
that of the normative sample [7]. The study also noted that
the recipients had more difficulty with spelling, arithmetic,
and language skills; and that a significant percentage of the
participants had learning difficulties and needed special
education services.

Literature Summary

Overall, the existing literature suggests that transplant
recipients present with impairments in cognitive, academic,
and neuropsychological functioning. While more infor-
mation is available regarding pediatric transplant recipient’s
neurodevelopmental functioning, there are still limitations to
the current understanding as few of the studies examined
functioning beyond childhood.. The following presents
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neurodevelopment data from ongoing studies at LLUCH in
regards to adolescent infant heart transplant recipients.

Study 2: Methods

Participants and Procedures

Infants who had undergone heart transplant at LLUCH
were provided opportunities to participate in neurodevelop-
mental and psychosocial evaluations through the Department
of Pediatrics Psychology Services as part of LLU Interna-
tional Heart Institute’s standard of care. The evaluation pro-
tocol includes assessment of cognitive, academic, and neu-
ropsychological functioning. Parents provide consent to use
data collected clinically for research purposes at the time of
evaluation. Data collection was approved by the Institutional
Review Board and informed consent from the parent and,
when appropriate, assent from the child was obtained.

Cognitive, academic, and neuropsychological from all
infant heart transplant recipients who were between the ages
of 12 and 17 at time of evaluation were utilized in this study.
This included 21 participants (6 females, 15 males) between
the ages of 12 and 16 (Mean Age = 13.7, 1.1SD), all of
whom were transplanted prior to the age of 1 (Mean Age at
time of Transplant = 42.43 days, 47.3SD). The ethnic com-
position of the group was predominantly Caucasian (n = 16)
followed by Latino (n = 4) and African American (n = 1).

Measures

Wechsler Abbreviated Intelligence Scale (WASI): WASI
is a brief but reliable measure for screening intelligence in
individuals between the ages of 6 and 89. It is composed of 4
subtests (Vocabulary, Similarities, Matrix Reasoning, and
Block Design) and yields 3 composite scores Full Scale In-
telligence Quotient (FSIQ), Verbal Intelligence Quotient
(VIQ), and Performance Intelligence Quotient (PI1Q). Subtest
scores are T-scores with a mean of 50 and a standard devia-
tion of 10, while composite scores are standard scores with a
mean of 100 and a standard deviation of 15. WASI subtests
assess the same constructs as their counterparts on the full
Wechsler Intelligence Scale for Children (WISC) and
Wechsler Adult Intelligence Scale (WAIS), and correlations
between WASI and the WISC/WAIS for the composite
scores ranged between 0.76 and 0.92, indicating that is valid
measure of cognitive functioning [54].

Wechsler Individual Achievement Test - Second Edition
Abbreviated (WIAT-II-A): WIAT-II-A is an abbreviated
measure of academic achievement in individuals between the
ages of 6 and 85. It consists of 3 subtests — Basic Reading,
Mathematics Reasoning, and Spelling; which were derived
from the full WIAT-II. Subtest scores are standard scores
with a mean of 100 and standard deviation of 15. Correla-
tions between the WIAT-11-A and WIAT-I11 are fairly highly,
indicating that WIAT-1I-A is a valid measure of academic
achievement [55].

Clinical Evaluation of Language Fundamentals, Fourth
Edition (CELF-4): CELF-4 is a reliable and valid measure of
language functioning in children and adolescents between
the ages of 5 and 16. Only the subtests that compose the
Core Language, Receptive Language, and Expressive Lan-
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guage composites were administered to the participants.
Composite scores are standard scores with a mean of 100
and standard deviation of 15 [56].

The Beery-Buketenica Developmental Test of Visual-
Motor Integration (VMI): VMI assesses the ability of chil-
dren and adolescents, between the ages of 2 and 18, to inte-
grate their visual and motor skills in copying geometric de-
signs of increasing difficulty. Scores are standard scores with
a mean of 100 and standard deviation of 15. VMI is consid-
ered to be one of the most researched and a validated meas-
ure of visual motor integration [57].

Behavior Rating of Executive Function, Parent Form
(BRIEF): BRIEF is a parent report of executive functioning
behaviors of children and adolescents between the ages of 5
and 18. It yields 3 composite scores that assess overall ex-
ecutive functioning, behavioral and emotional inhibition and
regulation, and higher-order cognitive processes such as
working memory, planning and organizing, initiating tasks,
and monitoring progress. Composite scores are T-scores with
mean of 50 and standard deviation of 10. BRIEF is a reliable
and valid measure of executive functioning behaviors [58].

Analyses

Descriptive statistics were used to assess the cognitive,
academic, and neuropsychological functioning of the partici-
pants. One-way analysis of variance was used to evaluate for
differences in functioning by gender and ethnicity. Addition-
ally, bivariate correlations were conducted to examine the
relationships between age and cognitive, academic, and neu-
ropsychological factors.

Study 2: Results

Cognitive Functioning

Participants cognitive functioning overall was noted to be
in the Below Average range (FSIQ = 80.14, 18.0SD; VIQ =
80.71, 18.7SD; PIQ = 82.71, 16.7SD). A significant percent-
age of the participants, however, were functioning at well
below average levels on the different domains — 53% were in
the Borderline to Impaired range on FSIQ (below 80), 62%
on VIQ, and 43% on PIQ. Further, a very small percentage
of recipients were functioning within normal limits or above,
particularly on FSIQ and VIQ (24%). These scores suggest
that majority of the participants are cognitively functioning
at levels significantly below expected.

One-way ANOVAs were conducted to determine
whether there are any differences in cognitive functioning by
gender or ethnicity, and none were noted (Ethnicity: F =
0.389-2.212, p = 0.684-0.138; Gender: F = 0.058-0.662, p =
0.812-0.514). Moderate correlations were noted between age
and the cognitive scales (FSIQ r = 0.206, VIQ r = 0.208, PIQ
r = 0.267), indicating that older participants obtained slightly
higher scores than younger participants.

Academic Functioning

Participants overall obtained low average to average
scores on the academic screener- Word Reading = 87.29
(20.4SD), Numerical Operations = 82.45 (26.0SD), Spelling
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= 90.90 (20.8SD). Additionally, 30-45% participants per-
formed in the Borderline to Impaired range on the academic
scales, indicating that a significant percentage of the group
do present with academic difficulties. There was no differ-
ence in academic scores by gender or ethnicity, and correla-
tions between age and academic scales were very small (r = -
0.019-0.039).

Neuropsychological Functioning

Participant’s language, visual-motor integration, fine
motor, and executive functioning skills were assessed as part
of their neuropsychological functioning. Participants demon-
strated significant difficulty with language skills, performing
overall in the Borderline range (Overall Language = 78.93,
19.8SD; Receptive Language = 77.54, 18.3SD; Expressive
Language 74.31, 18.8). Further, 53-61% of the participants
performed below expected standards on the language skills.
The visual-motor integration ability of the group was noted
to be below average (VMI M = 81. 36, 10.8SD), with ap-
proximately 27% functioning in the impaired range. The
majority of the participants (71-86%) also demonstrated sig-
nificantly below average fine motor control and coordina-
tion. Finally, 19-25% of the participants were reported to
have executive functioning deficits, particularly with work-
ing memory, planning, and organization. Overall, a large
percentage of the participants evidenced significant deficits
in their neuropsychological functioning.

STUDY 2: DISCUSSION

Existing literature suggests that infant heart transplant
recipients are generally in the Low Average range in terms
of their 1Q scores. Baum et al (2000) indicated that pre-
school age children obtained mean 1Q scores in the 70s,
while school age children were in the 80s [53]. Malhe et al
(2006) assessed school age children and determined their
mean 1Q scores to be in the 80s as well [9]. The current
study examining cognitive functioning in adolescence simi-
larly found mean 1Q scores to be in the low 80s, suggesting
that cognitive functioning is consistent across the different
age groups of transplant recipients. Further, a large percent-
age of participants were functioning at levels well below
average, raising concerns about their functional potential as
they move into adulthood.

Academic achievement for the overall group was low
average, scores similar to that noted by Baum et al (2004)
and Malhe et al (2006) [7,9]. Academic scores were, in fact,
significantly higher than expected for the overall group
based on their cognitive scores. This suggests that the recipi-
ents’ ability to learn is intact and that they are working hard
to acquire information being taught to them.

Performance in other neurodevelopmental domains was
also consistent with what is noted in the existing literature
and similar to other groups of pediatric populations who
have had anoxic events (e.g. long-term outcomes of the pre-
mature child). Language functioning (both receptive and
expressive) was borderline impaired, with over 50% of the
participants functioning at levels significantly below aver-
age. Visual-motor integration skills of the group were low
average as well. Finally, a significant percentage of the par-
ticipants were reported to have executive functioning defi-
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cits, particularly with higher order skills such as plan-
ning/organization and initiating tasks, on parent report.
There have been no previous studies examining executive
functioning skills in heart transplant recipient, and these re-
sults suggest that it needs to be examined in greater depth.

STUDY 2: CONCLUSIONS

Adolescent heart transplant recipients are noted to be
functioning in the borderline impaired to low average level
on the cognitive and neurodevelopmental domains assessed.
As mentioned, this is consistent with previous literature on
younger preschool and school age children, indicating func-
tioning is similar across all age groups. As there have been
few longitudinal studies examining functioning, no firm con-
clusions can be drawn regarding whether functioning is sta-
ble over time, however, the various studies with different age
samples would suggest this.

STUDY 2: LIMITATIONS AND FUTURE DIREC-
TIONS

The primary limitations of the study are the small partici-
pant pool and administration of abbreviated instruments or
parent report forms rather than more comprehensive meas-
ures. This limits the data and the conclusions that can be
generated. As such, more thorough evaluations using com-
prehensive measures should be utilized in the future. Longi-
tudinal assessment will also beneficial as it will provide pro-
files of performance over time and allows conclusions to be
drawn regarding the neurodevelopmental trajectories of the
infant recipients.

FINANCIAL DISCLOSURE & CONFLICT OF IN-
TEREST

The Authors have no financial interests or other conflicts
of interest to disclose in regards to the contents of this article

ACKNOWLEDGEMENTS

The authors wish to acknowledge the assistance of Joyce
Rusch and Janette Allen who assisted with the study data
collection.

REFERENCES

[1] Grotevant HD. Adolescent Development in Family Context. In:
Damon W, Eisenberg N, Eds. Handbook of Child Psychology,
Fifth Edition: Social, Emotional and Personality Development.
New York: John Wiley & Sons, Inc 1998; pp. 1097-1150.

[2] Csikszentmilhalyi M, Larson R. Being adolescent. NewYork: Basic
Books 1984.

[3] Steinberg LD. Transformation in family relations at puberty. De-
velopmental Psychology 1981; 17: 833-840.

[4] Steinberg LD, Silverberg SB. The vicissituders of autonomy. Child
Development 1986; 57: 841-851.

[5] Uzark K. Caring for families of pediatric transplant recipients:
psychosocial implications. Critical Care Nursing Clinics North
America 1992; 4: 255-261.

[6] Wray J, Pot-Mees C, Zeitlin H, Radley-Smith R, Yacoub Y.
Cognitive function and behavioural status in paediatric heart and
heart-lung transplant recipients: the Harefield experience. British
Medical Journal 1994; 309: 837-841.

[7] Baum M, Freier MC, Freeman K, Babikian T, Ashwal S, Chinnock
R, et al. Neuropsychological outcome of infant heart transplant
recipients. Journal of Pediatrics 2004; 145: 365-372.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Current Cardiology Reviews, 2011, Vol. 7, No. 2 133

Ikle L, Hale K, Fashaw L, Boucek M, Rosenberg AA.
Developmental outcome of patients with hypoplastic left heart
syndrome treated with heart transplantation. Journal of Pediatrics
2003; 142: 20-25.

Mahle WT, Visconti KJ, Freier MC, Kanne SM, Hamilton WG,
Sharkey AM, et al. Relationship of surgical approach to
neurodevelopmental outcomes in hypoplastic left heart syndrome.
Pediatrics 2006; 117: €90-97.

Kirk R, Edwards LB, Kucheryavaya AY, Aurora P, Christie JD,
Dobbels F, et al. The Registry of the International Society for Heart
and Lung Transplantation: thirteenth official pediatric heart
transplantation report--2010. J Heart Lung Transplant 2010; 29:
1119-1128.

Uzark KC, Sauer SN, Lawrence KS, Miller J, Addonizio L,
Crowley DC. The psychosocial impact of pediatric heart
transplantation. Journal of Heart and Lung Transplantation 1992;
11: 1160-1167.

Rodrigo JR, Sobel AB. Pediatric Organ Transplantation in the 21
Century. In: Roberts MC, Ed. Handbook of Pediatric Psychology,
Third Edition. New York: The Guilford Press 2003; pp. 433 — 450.
DeMaso DR, Douglas Kelley S, Bastardi H, O’Brien P, Blume, E.
The longitudinal impact of psychological functioning, medical
severity, and family functioning in pediatric heart transplantation.
Journal of Heart and Lung Transplantation 2004; 23: 473-480.
Serrano-lkkos E, Lask B, Whitehead B, Rees P, Graham P. Heart
or heart-lung transplantation: psychosocial outcome. Pediatric
Transplantation 1999; 3: 301-308.

Wray J, Radley-Smith R. Beyond the first year after pediatric heart
or heart-lung transplantation: Changes in cognitive function and
behaviour. Pediatric Transplantation 2005; 9: 170-177.

Wray J, Radley-Smith R. Depression in pediatric patients before
and 1 year after heart or heart-lung transplantation. Journal of Heart
and Lung Transplantation 2004; 23: 1103-1110.

DeMaso DR, Lauretti A, Spieth L, Van Der Feen JR, Jay KS,
Gauvreau K, et al. Psychosocial factors and quality of life in
children and adolescents with implantable cardioverter-
defibrillators. The American Journal of Cardiology 2004; 93: 582-
587.

DeMaso DR, Neto LB, Hirschberg J. Psychological and quality-of-
life issues in the young patient with an implantable cardioverter-
defibrillator. Heart Rhythm 2009; 6: 130-132.

Griffin KJ, Elkin TD. Non-adherence in pediatric transplantation: a
review of the existing literature. Pediatric Transplantation 2001; 5:
246-249.

Wray J, Radley-Smith R. Longitudinal assessment of psychological
functioning in children after heart or heart-lung transplantation.
Journal of Heart and Lung Transplantation 2006; 25: 345-352.
Wray J, Long T, Radley-Smith R, Yacoub M. Returning to school
after heart or heart-lung transplantation: How well do children
adjust? Transplantation 2001; 72: 100-106.

Mellander M, Berntsson L, Nilsson B. Quality of life in children
with hypoplastic left heart syndrome. Acta Paediatrica 2006; 96:
53-57.

Kramer HH, Awiszus D, Sterzel U, van Halteren A, Classen R.
Development of personality and intelligence in children with
congenital heart disease. Journal of Child Psychology and
Psychiatry 1989; 30: 299-308.

Collier JA, Nathanson JW, Anderson CA. Personality funcitoning
in adolescent heart transplant recipients. Clinical Child Psychology
and Psychiatry 1999; 4: 367-377.

Blume ED. Current Status of heart transplantation in children:
update 2003. The Pediatric Clinics of North America 2003; 50:
1375-1391.

Todaro JF, Fennell EB, Sears SF, Rodrigue JR, Roche AK.
Review: cognitive and psychological outcomes in pediatric heart
transplantation. Journal of Pediatric Psychology 2000; 25: 567-576.
Wray J, Radley-Smith R. Prospective psychological evaluation of
pediatric heart and heart-lung recipients. Journal of Pediatric
Psychology 2007; 32: 217-222.

Wray J, Radley-Smith R, Yacoub M. Effect of cardiac or heart-
lung transplantation on the quality of life of the paediatric patient.
Quality of Life Research 1992; 1: 41-46.

Lawrence KS, Fricker FJ. Pediatric Heart Transplantation: Quality
of Life. The Journal of Heart Transplantation 1987; 6: 329-333.



134

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Current Cardiology Reviews, 2011, Vol. 7, No. 2

Le Bidois J, Kachaner J, Vouhe P, Sidi D, Tamisier D. Heart
Transplantation in Children: midterm results and quality of life.
European Journal of Pediatrics 1992; 151: S59-S64.
Pollock-BarZiv SM, Anthony SJ, Niedra R, Dipchand Al, West LJ.
Quality of life and function following cardiac transplantation in
adolescents. Transplantation Proceedings 2003; 35: 2468-2470.
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: e1060-1067.

Bucuvalas JC, Britto M, Krug S, Ryckman FC, Atherton H, Alonso
MP, et al. Health-related quality of life in pediatric liver transplant
recipients: A single-center study. Liver Transplantation 2003; 9:
62-71.

Midgley DE, Bradlee TA, Donohoe C, Kent KP, Alonso EM.
Health-related quality of life in long-term survivors of pediatric
liver transplantation. Liver Transplantation 2000; 6: 333-339.

Quist E, Narhi V, Apajasalo M, Ronnholm K, Jalanko H, Almgvist
F, et al. Psychosocial adjustment and quality of life after renal
transplantation in early childhood. Pediatric Transplantation 2004;
8:120-125.

Ringewald JM, Gidding SS, Crawford SE, Backer CL, Mavroudis
C, Pahl E. Nonadherence is associated with late rejection in
pediatric heart transplant recipients. Journal of Pediatrics 2001;
139: 75-78.

Serrano-lkkos E, Lask B, Whitehead B, Eisler I. Incomplete
adherence after pediatric heart and heart-lung transplantation.
Journal of Heart and Lung Transplantation 1998; 17: 1177-1183.
Tebbi CK, Cummings KM, Zevon MA, Smith L, Richards M,
Mallon J. Compliance of pediatric and adolescent cancer patients.
Cancer 1986; 58: 1179-1184.

Grady KL, Russell KM, Srinivasan S, Costanzo MR, Pifarre R.
Patient compliance with annual diagnostic testing after heart trans-
plantation. Transplantation Proceedings 1993; 25: 2978-2980.
Wray J, Waters S, Radley-Smith R, Sensky T. Adherence in ado-
lescents and young adults following heart or heart-lung transplanta-
tion. Pediatric Transplantation 2006; 10: 694-700.

Perlmutter D, Vacanti J, Donahoe P, Kleinman R. Liver
transplantation in pediatric patients. Advances in Pediatrics 1985;
32:177-196.

Sokal EM. Quality of life after orthotopic liver transplantation in
children. An overview of physical, psychological and social
outcome. European Journal of Pediatrics 1995; 154: 171-175.
Falkenstein K, Flynn L, Kirkpatrick B, Casa-Melley A, Dunn S.
Non-compliance in children post-liver transplant. Who are the
culprits? Pediatric Transplantation 2004; 8: 233-236.

[44]

[45]

[46]
[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

Krishnamurthy et al.

Reynolds CR, Kamphaus RW. Behavior Assessment System for
Children, Second Edition (BASC-2). Circle Pines: AGS Publishing
2004.

Piers EV, Herzberg DS. Piers-Harris Children’s Self-Concept
Scale, Second Edition (Piers-Harris 2). Los Angeles: Western Psy-
chological Services 2002.

Briere J. Trauma Symptom Checklist for Children (TSCC). Lutz:
Psychological Assessment Resources, Inc 1996.

Landgraf JM, Abetz L, Ware JE. The CHQ User’s Manual. Cam-
bridge: HealthActCHQ, Inc 2008.

Beyers W, Goossens L. Emotional autonomy, psychosocial adjust-
ment, and parenting: interactions, moderating and mediating ef-
fects. Journal of Adolescence 1999; 22: 753-769.

Lacombe AC, Gay J. The role of gender in adolescent identity and
intimacy decisions. Journal of Youth and Adolescence 1998; 6:
795-802.

Fleisher BE, Baum D, Brudos G, Burge M, Carson E, Constantinou
J, et al. Infant heart transplantation at Stanford: growth and
neurodevelopmental outcome. Pediatrics 2002; 109: 1-7.

Freier MC, Babikian T, Pivonka J, Burley Aaen T, Gardner JM,
Baum M, et al. A longitudinal perspective on neurodevelopmental
outcome after infant cardiac transplantation. Journal of Heart and
Lung Transplant 2004; 23(7): 857-864.

Baum M, Freier MC, Chinnock R. Neurodevelopmental outcome
of solid organ transplantation in children. The Pediatric Clinics of
North America 2003; 50: 1493-1503.

Baum M, Freier MC, Freeman K, Chinnock RE. Developmental
outcomes and cognitive functioning in infant and child heart
transplant recipients. Progress in Pediatric Cardiology 2000; 11:
159-163.

Wechsler D. Wechsler Abbreviated Scale of Intelligence (WASI).
San Antonio: The Psychological Corporation 1999.

Wechsler D. Wechsler Individual Achievement Test, Second Edi-
tion Abbreviated (WIAT-1I-A). San Antonio: The Psychological
Corporation 2001.

Semel E, Wiig EH, Secord WA. Clinical Evaluation of Language
Fundamentals, Fourth Edition (CELF-4). San Antonio: The Psy-
chological Corporation 2003.

Berry KE. Developmental Test of Visual-Motor Integration, Fourth
Edition (VMI). Cleveland: Modern Curriculum Press,

Giola GA, Isquith PK, Guy SC, Kenworthy L. Behavior Rating
Inventory of Executive Function (BRIEF). Odessa: Psychological
Assessment Resources, Inc 1996.

Received: February 21, 2011

Revised: April 4, 2011

Accepted: July 5, 2011





