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Abstract

Recent advances in the treatment of children with severe congenital heart defects, such as hypoplastic left heart syndrome
(HLHS) and other forms of univentricular heart (UVH), have significantly improved their survival rates. However, these
children are at risk for various neurodevelopmental deficits. The aim of the present study was to assess cognitive
development, expressive language, and behavior in 30-month-old children with univentricular heart. The participants
were 22 children with HLHS, 14 with UVH, and 41 healthy control subjects. The Bayley Scales of Infant Development
II, MacArthur Communicative Development Inventories, and Child Behavior Checklist were used for assessments. The
results revealed that children with HLHS exhibited a significantly lower mean mental development index, more delays
in expressive language functions, and more behavioral problems than did the control children. Two children with HLHS
(9%) had mental development indexes below 50, indicating significantly delayed performance. The children with UVH
differed from the control children with respect to their lower mean mental development index. These findings suggest
that at the age of 30 months, neurodevelopmental deficits are especially prevalent in children with HLHS. Thus, early
developmental screening, intervention, and neuropsychological follow-up until school age is recommended particularly

for the children with HLHS. (JINS, 2011, 17, 1094-1103)

Keywords: Behavior, Congenital heart defect, Expressive language, Hypoplastic left heart syndrome, Neurodevelopmental

deficits.

INTRODUCTION

Functionally single-ventricle heart malformations, such as
hypoplastic left heart syndrome (HLHS) and other forms
of univentricular heart (UVH), are severe congenital heart
defects. In hypoplastic left heart syndrome, the left-side
structures of the heart are inadequately developed and are
non-viable for the support of the systemic circulation
(Rychik, 2005). This syndrome was uniformly fatal more than
25 years ago, but with improved care and surgical manage-
ment survival rates have greatly improved (Tweddell et al.,
2002). The repair of this severe heart condition requires early
surgical intervention which is usually either a complex three-
staged Norwood procedure (Norwood, Lang, & Hansen, 1983),
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or heart transplantation. Other forms of univentricular heart
defect include diverse anatomies, such as tricuspid atresia and
double-inlet right ventricle. Children born with these defects
are often exposed to somewhat similar physiological states as
those with HLHS (Goldberg, 2007) and require corrective
surgery, but the first demanding Norwood I operation in the
newborn period is not always necessary.

Despite improved care and survival rates, children with func-
tionally single ventricular heart defects are at risk for later neuro-
developmental deficits (Goldberg, 2007; Mahle & Wernovsky,
2004). Sequelae range from global cognitive deficits and neuro-
logic disorders, such as cerebral palsy, to more specific deficits
in cognitive functions, behavior, and learning (Forbess, Visconti,
Bellinger, & Jonas, 2001; Forbess et al., 2002; Kern, Hinton,
Nereo, Hayes, & Gersony, 1998; Mahle et al., 2000, 2006;
Sarajuuri et al., 2007; Uzark et al., 1998; Wernovsky et al.,
2000). Such sequelae are most evident in children with
HLHS (Goldberg et al., 2000; Wernovsky et al., 2000).
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Early reports on children with HLHS revealed a concern-
ing incidence of intellectual disability as well as significant
developmental problems. Rogers et al. (1995) reported that
of 11 children with HLHS, 7 suffered varying degrees of
intellectual disability, 8 exhibited substantial functional dis-
abilities, and 5 displayed motor delays. In one of the most
comprehensive studies on school-aged children with HLHS,
Mahle et al. (2000) found a median full-scale IQ of 86 and a
wide variety of neurodevelopmental problems, including
impairments in language function and school achievement,
with one-third receiving special education. In addition,
intellectual disability was reported in nearly 18% of the
children. However, this study was conducted on the first
survivors of staged palliative surgery who had undergone
the procedure more than 15 years ago. Other studies have
generally found mean IQ or mental development index scores
within the normal range, but lower than for the normal
population (Creighton et al., 2007; Goldberg et al., 2000;
Kern et al., 1998; Sarajuuri et al., 2007). Most of the more
recent studies have reported lower-than-expected mental
development at an early age among patients with HLHS or
variants (Atallah et al., 2008; Tabbutt et al., 2008; Visconti
et al., 2006). However, many studies included patients with
known or suspected genetic abnormalities, which may affect
development in addition to the congenital heart defect, and no
healthy controls. Comparisons of outcomes in children with
HLHS and UVH reveal a better intellectual outcome in those
with UVH (Goldberg et al., 2000; Wernovsky et al., 2000).
Goldberg et al. (2000) observed that, although mean full-
scale, performance, and verbal IQ scores in preschool-aged
children with HLHS were within the normal range, they were
significantly lower than in the UVH group.

The mechanism of deviant development is likely multi-
factorial with preoperative, intraoperative and postoperative
factors all contributing to the outcome (Ballweg, Wernovsky,
& Gaynor, 2007; Goldberg, 2007; Wernovsky, 2006). The
risks associated with surgical techniques, such as exposure to
deep hypothermic circulatory arrest and cardiopulmonary
bypass, have been widely studied over the past decade (e.g.,
Forbess et al., 2001; Limperopoulos et al., 2002; Tabbutt
et al., 2008; Wernovsky et al., 2000). Post-operative hemo-
dynamic instability, poor nutrition, and cerebrovascular
accidents increase the risk for neurodevelopmental problems
(Mahle & Wernovsky, 2004). More recently, interest in
patient-specific and preoperative factors has grown because
studies have demonstrated that these factors may be even
more important determinants of later development (Mahle
et al., 2006; Tabbutt et al., 2008). Some studies have sug-
gested that compromise to the brain may begin as early as
in utero, thus affecting the later development of the child’s
central nervous system (Goldberg, 2007; Mahle & Wernovsky,
2004; Wernovsky, 2006). In fetuses with HLHS, cerebral
circulation is diminished and vascular resistance decreased,
unlike with right-sided obstructive lesions, where vascular
resistance is higher (Kaltman, Di, Tian, & Rychik, 2005).
This explains why some newborns with HLHS have exhib-
ited cerebral compromise in the form of periventricular
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leucomalacia (Licht et al., 2004; Mahle et al., 2002) or
microcephaly (Mahle et al., 2000) preoperatively. In addi-
tion, structural brain abnormalities and genetic abnormalities
may be associated with HLHS and other forms of single-
ventricle heart defects (Mahle & Wernovsky, 2004).

There is only limited knowledge of the more specific
neuropsychological functions in children with HLHS and
UVH. Studies that address functions other than full-scale
IQ have mainly measured nonverbal performance, such as
visuomotor and visuospatial functions (Forbess et al., 2001,
2002; Mahle et al., 2006; Uzark et al., 1998), with less focus
on language functions. Language deficits in children with
HLHS have been identified in some studies using older data
(Mahle et al., 2000, 2006), as well as some more recent
data (Brosig, Mussatto, Kuhn, & Tweddell, 2007a; Sarajuuri
et al., 2007), and these deficits appear also in children with
other types of congenital heart defects (Bellinger et al., 1999,
2003; Hovels-Giirich et al., 2008; Miatton, De Wolf, Francois,
Thiery, & Vingerhoets, 2007).

Studies also suggest that a child with a congenital heart
defect is at risk for emotional and behavioral problems
(Mahle et al., 2000; Oates, Turnbull, Simpson, & Cartmill,
1994), which may appear early in life (Limperopoulos et al.,
2002). Comparing patients with different forms of congenital
heart defects, the risk for poor behavioral outcomes has been
linked especially to children with complex congenital heart
defects who have undergone palliative interventions, such as
HLHS and double-inlet left ventricle (McCusker et al., 2007).
Mahle et al. (2000) studied school-aged children with HLHS
and found that nearly 21% suffered clinically significant
anxiety problems, and in a neurologic evaluation, nearly 70%
showed signs of attention deficit hyperactivity disorder
(ADHD). In a study conducted by Sarajuuri et al. (2007),
signs of ADHD also appeared in over half of the children
with HLHS and UVH.

While it is known that cognitive, behavioral, and school
problems exist in older children with functionally uni-
ventricular heart defects who underwent surgery in past
decades, little is known about development across the dif-
ferent domains in young children who underwent surgery in
this century. Knowledge of early language development is
particularly relevant, because language functions play a critical
role in future learning. Furthermore, dysfunctions in language
development may indicate global developmental impairment
(Hovels-Giirich et al., 2008). In addition, knowledge of the
early development of behavioral functions is important when
trying to improve the neuropsychological and psychosocial
care of these children and their families.

The present study sought to present an up-to-date evalua-
tion of overall cognitive development, expressive language
function, and behavior in a representative prospective
cohort of children with HLHS and UVH at the early age of 30
months. Unlike in most previous studies, comparison with
healthy controls was used. This study forms part of a national
prospective neurodevelopmental follow-up study of children
with univentricular heart. The authors have previously pre-
sented results concerning the medical risk factors related to
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neurodevelopmental outcomes in these children at the ages of
12 months (Sarajuuri et al., 2009) and 30 months (Sarajuuri
etal., 2010). Results reveal that neurological dysfunction and
motor deficits are common particularly among children with
HLHS (Sarajuuri et al., 2010). The present study assesses the
wider spectrum of development. It was hypothesized that the
children with HLHS and UVH would have worse outcomes
in cognitive and language development and behavioral reg-
ulation than the control children. It was further hypothesized
that the children with HLHS would have worse outcomes
than those with UVH in these areas.

METHOD

Participants

The sample of the present study was drawn from an ongoing
prospective follow-up study of the neurodevelopmental out-
comes in children with univentricular heart (Sarajuuri et al.,
2009). Children born between August 2002 and February
2005 were recruited as newborns at the Department of
Gynecology and Pediatrics of the Helsinki University Central
Hospital, which handles all pediatric heart surgery for the
Finnish population. During that period 32 children with
HLHS and 25 with UVH were born. The healthy control
children were recruited as newborns from among the low-risk
deliveries at the Kiétiloopisto Maternity hospital of the Depart-
ment of Gynecology and Pediatrics of the Helsinki University
Central Hospital. The participants in the present study com-
prised a total of 36 children with functionally single-ventricle
heart defects, 22 with HLHS, 14 with UVH, and 41 control
subjects (see Appendix A for a flow chart). The children
underwent a neuropsychological assessment at a median age of
30 months. The diagnoses are presented in Table 1.

In the neonatal period all but one of the surviving children
had undergone a primary operation, which was Norwood 1
for all the children with HLHS. The children with UVH had
undergone various primary operations. Five children had
undergone the Norwood I operation and eight had undergone
less demanding surgeries according to each child’s individual
diagnosis. By the age of 30 months, all the patients had under-
gone a bidirectional Glenn operation, and five children had
undergone a total cavopulmonal connection operation (TCPC).
The surgical strategies and neonatal characteristics of the patients
are more thoroughly described in Sarajuuri et al. (2009).

The study was approved by the Ethics Committee of the
Department of Gynecology and Pediatrics at the Helsinki
University Central Hospital.

Table 2 summarizes the sociodemographic and neuro-
logical outcomes for the three groups. The mean age at the
time of assessment was 29.7 months (SD = .56; range, 29-32
months). No significant differences between the groups
were found in age according to ANOVA, or in gender on
comparisons using cross-tabulation and the y>-test. Socio-
economic status was evaluated based on the maternal level of
education using the Finnish version of Unesco International
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Table 1. Diagnoses of the children with HLHS and UVH

Diagnosis N
HLHS 22
UVH

AVSD dextrocardia, TGA, RV hypo, heterotaxy
AVSD, HAA, LV hypo
AVSD CoA
DILV, TGA, HAA, CoA
DILV, HAA, CoA, RV hypo
DORYV dextrocardia, VSD, PS, MS, ASD
TA, HAA, TGA, VSD
TA, VSD, PA, RV hypo
TA, VSD, PS, RV hypo
TA, dextrocardia, TGA,VSD, RV hypo
PA +1IVS, RV hypo
PA +1VS, TA
Total

— () b e b e e et e ek e e

(%)
(o)}

Note. HLHS = Hypoplastic left heart syndrome; UVH = other forms of
univentricular heart; AVSD = atrioventricular septal defect; TGA =
transposition of the great arteries; RV hypo = hypoplasia of the right
ventricle; HAA = hypoplastic aortic arch; LV hypo = hypoplasia of the
left ventricle; CoA = coarctation of the aorta; DILV = double-inlet left
ventricle; DORV = double-outlet right ventricle; VSD = ventricular septal
defect; PS = pulmonary stenosis; MS = mitral stenosis; ASD = atrial septal
defect; TA = tricuspid atresia; PA = pulmonary artrery; PA +IVS =
pulmonary atresia with intact ventricular septum.

Standard Classification of Education (1997). Maternal edu-
cation was classified into two categories due to the small
sample size. Comparisons between the three groups in the
maternal level of education indicated a difference that
approached significance, x* (2) = 5.63, p < .10. The mater-
nal level of education was lowest in the HLHS group. Five
children with HLHS (18%) and two children with UVH
(14%) received a neurological diagnosis. One child with
HLHS received three different neurological diagnoses: visual
impairment, epilepsy, and global developmental delay. None
of the control children received a neurological diagnosis.

Before the age of 30 months, 15 patients (42%) had
consulted with a physiotherapist, 8 (22%) with a speech
therapist, and 5 (14%) with an occupational therapist. One
control child (2%) had consulted with a physiotherapist, and
one (2%) with a speech therapist. These therapies varied from
one to two consultation sessions, to weekly rehabilitation.

The neuropsychological assessment was conducted during
two 45-min visits to the hospital with intervals no longer
than 1 week. The first visit took place within 2 weeks of the
exact age of 30 months, with the exception of one child with
UVH, for whom the assessment had to be postponed for
2 months. A professional child neuropsychologist carried out
the assessments.

Assessments

The Bayley Scales of Infant Development I1

The Bayley Scales of Infant Development I (BSID - II;
Bayley, 1993) was administered to assess cognitive development
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Table 2. Sociodemographic and neurological characteristics of the HLHS, UVH and control groups

HLHS (n =22) UVH (n=14) Control (n =41)

Variable N % N % N %
Gender

Girls 5 23% 6 43% 14 34%

Boys 17 77% 8 57% 27 66%
Maternal education

Lower education 16 73% 7 50% 17 41%

Higher education 6 27% 7 50% 24 59%
Neurologic outcome*

Cerebral palsy 2 9% 1 7%

Epilepsy 1 5%

Hearing deficit 1 7%

Visual deficit 1 5%

Vocal cord paresis 1 5%

Global developmental delay 2 9%
Interventions

Physiotherapy 10 46% 5 36% 1 2%

Speech therapy 5 23% 3 21% 1 2%

Occupational therapy 5 23%

Note. HLHS = Hypoplastic lef heart syndrome; UVH = other forms of univentricular heart, maternal education = higher education
> 14 years of education such as a university degree of applied sciences or a higher degree.

*One child with HLHS had three different neurological diagnoses.

and behavior. The Mental Scale provides a mental development
index (MDI) with a mean score of 100 and an SD of 15, and the
Behavior Rating Scale (BRS) assesses qualitative aspects of the
child’s test-taking behavior. The Orientation/Engagement sub-
scale assesses the child’s approaching or avoiding activity in
environmental interactions. The Emotional Regulation subscale
characterizes the child’s activity, adaptability, affect, coopera-
tion, persistence, and frustration tolerance (Bayley, 1993). All
BRS items are scored according to the child’s age, with lower
scores indicating less optimal behavior. The examiner, who
administered the Mental Scale and BRS was not blind to the
condition of the child. North American norms were used because
Finnish norms were unavailable for these scales.

MacArthur Communicative Development Inventories

MacArthur Communicative Development Inventories (MCDI;
Fenson et al., 1994) was used to collect data on the child’s
expressive vocabulary and the maximum length of sentences
(MLS). The MCDI is a questionnaire based on the parental
ratings of their children’s communication skills. The ques-
tionnaire intended for ages 16-30 months was used. The
MCDI has been standardized for Finnish children (Lyytinen,
1999). In the Finnish version (Lyytinen, 1999), correlations
between measurements for expressive vocabulary at ages 18 to
30 months were between .65 and .71 and the correlation for
sentence length at ages 24 to 30 months was .63.

The Child Behavior Checklist for ages 1.5-5 years

Maternal ratings of the Finnish version of the Achenbach
Child Behavior Checklist (Achenbach & Rescorla, 2000) for
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ages 1.5-5 years were used to assess behavior and emotional
functioning. The CBCL is a 100-item, empirically based
questionnaire that asks parents to indicate the degree to
which they have observed specified behaviors in their child
over the past 2 months. This questionnaire consists of seven
subscales measuring the following aspects of behavior:
emotionally reactive, anxious/depressed, somatic complaints,
withdrawn, sleep problems, attention problems, and aggres-
sive behavior. The subscales were classified into three scores:
Internalizing, Externalizing, and Total problems scores. Raw
scores were used for analyses. Higher scores indicate more
problems in behavior. According to the manual, the scores
can also be classified into clinical groupings, where T scores
of 60 to 63 represent borderline range behavior problems, and
T scores above 63 indicate clinical range behavior problems.
North American norms were used as Finnish norms were
unavailable.

Statistical Analysis

The SPSS version 16.0 software (SPSS Inc, Chicago, IL) was
used for the statistical analysis, and cross-tabulation and the
x* test to compare categorical variables between the HLHS,
UVH, and control groups. Since the difference in maternal
education approached significance, the differences in the
continuous variables between the groups were analyzed
using the univariate ANOVA (group X maternal education).
The tests of simple effects (contrasts) were carried out to test
hypothesized differences between the HLHS and control
groups, the UVH and control groups, and the HLHS and
UVH groups. An alpha level of p<.05 was considered
statistically significant.
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Fig. 1. The distribution of MDI scores in the HLHS, UVH, and
control groups. X-axis indicates the classification of scores, Y-axis
indicates the frequency of MDI scores in the three groups.
HLHS = Hypoplastic left heart syndrome. UVH = other forms of
univentricular heart.

RESULTS

Cognitive Development

The distribution of the MDI scores in the HLHS, UVH, and
control groups appears in Figure 1. Two children with HLHS
(9%) had MDI scores below 50, indicating significantly
delayed performance (Bayley, 1993). The performance of
these children was evaluated according to their developmental
age, as the index scores were unavailable. The performance of
these two children corresponded to the developmental ages of
8 months and 13.5 months, respectively. Due to their young
developmental ages, these children could not be evaluated with
the intended language or behavior measurements, and were,
therefore, excluded from further analyses.

Table 3 presents the means, standard deviations, range, and
pairwise group comparisons of the MDI scores for the three
groups. Comparisons between the groups revealed statisti-
cally significant differences in the mean mental development
index, F(2,71)=7.71, p<.01, m,”>=.18. The effect of
maternal education on the mean MDI was not significant. As
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hypothesized, the tests of simple effects (contrasts) revealed
that the mean mental development index was significantly
lower in children with HLHS and in children with UVH than
in the control children, F(1,71) = 13.40, p <.001, npz = .16,
and F(1,71)=5.95, p<.05, np2 = .08, respectively. No
significant differences in the MDI were found between the
children with HLHS and those with UVH (n,* = .01).

Expressive Language Function

Table 3 shows the findings for expressive language function
in the HLHS, UVH, and control groups. The groups differed
significantly with respect to the maximum length of sentences,
F(2,67)=3.56, p < .05, ”r]pz =.10. The group effect on voca-
bulary size did not reach significance, F(2,68) = 2.81, p <.10,
np2 =.08. The effect of maternal education on maximum
sentence length and vocabulary was not statistically significant.
The test of simple effects (contrasts) showed that children with
HLHS produced significantly shorter sentences than did the
control children, F(1,67)=7.1, p<<.05, np2 =.10, but did
not differ from those with UVH ('r]l[,2 =.03). No significant
differences in maximum sentence length were found between
the UVH and control groups (vqp2 =.01).

The children were considered at risk for expressive language
delay when their scores in vocabulary size and maximum sen-
tence length were both in the lowest 10 percentiles (Lyytinen,
1999). Risk was associated with group membership, 3* (2) =
7.55, p <.05. Seven children with HLHS (35%), three children
with UVH (25%), and three control children (10%) were clas-
sified in the risk group. Pairwise comparisons showed that the
children with HLHS differed from the control children, x>
(1)="17.52, p<.01, but not from those with UVH. No differ-
ences were found between the UVH and control children.

Behavioral Functions

Table 4 shows the characteristics and pairwise group com-
parisons of the behavior measures for the HLHS, UVH, and

Table 3. Characteristics of MDI and expressive language measures for the HLHS, UVH and control groups

Variable HLHS UVH Control Pairwise Comparisons
MDI
M 95.3 98.5 105.6 Control > HLHS*#*, UVH*
SD 8.5 11.3 8.7
Range 77-107 79-118 83-120
Vocabulary
M 313.9 335.8 415.8 n.s.
SD 161.9 180.3 149.6
Range 28-527 26-562 42-579
MLS
M 6.7 10 11.3 Control > HLHS*
SD 3.6 5.7 5.6
Range 1-13 1.3-21.6 2-22.3

Note. MDI = mental development index; Vocabulary = number of words; MLS = maximum length of sentences in morphemes

(Lyytinen, 1999); *p <.05; ***p <.001.
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Table 4. Characteristics of the behavior measures for the HLHS, UVH and control groups

HLHS UVH Control

Variable M SD M SD M SD Pairwise Comparisons
BRS

Orientation 34.7 3.0 33.8 4.0 35.6 3.1 n.s.

Emotional regulation 38.0 55 40.9 4.7 43.0 4.4 Control > HLHS***
CBCL

Internalizing Problems 9.2 9.1 7.6 53 53 4.6 n.s.

Externalizing Problems 13.8 7.6 11.1 4.9 12.5 6.8 n.s.

Total Problems 36.3 249 30.7 12.0 273 16.0 n.s.

Note. BRS = Behavior Rating Scale, lower scores indicate less optimal behavior; CBCL = Child Behavior Checklist, raw scores, higher scores indicate

more problems in behavior; ***p < .001.

control groups. On the Behavior Rating Scale, a significant
difference between the groups was found in emotional
regulation, F(2,71)=6.77, p<.0l, np2 = .16, but not on
the orientation subscale (np2 =.05). Univariate ANOVA
(group X maternal education) showed no significant asso-
ciation between the maternal level of education and the
emotional regulation subscale. The tests of simple effects
(contrasts) indicated that the children with HLHS experi-
enced significantly more difficulties in regulating their emo-
tions and behavior in the testing situation than did the control
children, F(1,71) =13.43, p <.001, np2 =.16. The differ-
ence between the HLHS and UVH children did not, however,
reach significance, F(1,71)=2.95, p <.10, 'r]p2 = .04, nor
were differences in emotional regulation found between the
UVH and control children ("qu =.03).

On the Child Behavior Checklist, the mean raw scores
for Internalizing, Externalizing, and Total problems scores
fell in the average range for all groups. No significant
differences between the groups were found with regard to
mean Internalizing ("qu =.07), Externalizing (np2 =.02), or
Total problems scores (np2 =.05). However, classification of
the scores according to clinical cut-points (7 scores) suggests
more problematic behavior in the children with HLHS, who
differed significantly from the control children with respect
to the classification of Internalizing problems, 32 (2) = 7.43,
p <.05. No differences in the classifications of Internalizing
problems were found between the HLHS and UVH groups or
between the UVH and control groups; nor did significant
differences exist between the groups in the classifications of
Externalizing or Total problems behavior. Figure 2 presents
the percentages and frequencies of the borderline to clinical
range of Internalizing, Externalizing or Total problems
behavior for the HLHS, UVH, and control groups.

DISCUSSION

This study presents an up-to-date evaluation of overall
cognitive development, expressive language function, and
behavior in children with HLHS and UVH at the age of
30 months. The participants were a representative prospective
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cohort of children in a relatively homogenous population
who were treated with modern operative and intensive care
methods during the years 2002-2005. In addition to mental
development, this study focused on the assessment of lan-
guage and behavior, and thus extends prior knowledge about
the early development of these children. The results revealed
that, at the group level, both the children with HLHS and
those with UVH had mean mental development indexes
within the average range. However, as predicted, their scores
were significantly lower than those of the control group. Of
the 22 children with HLHS, 9 had MDI scores below the
average range, and of these children, 2 exhibited significantly
delayed performance. Similar results have recently been
reported by Tabbutt et al. (2008), who found a median mental
development index score of 90, with 11% scoring below 70
in a cohort of 1-year-olds with HLHS. Other recent studies
have also reported lower-than-expected mental development
at early ages with HLHS or variants (Atallah et al., 2008;
Visconti et al., 2006).

With respect to expressive language, the results of the
current study showed more delays in the expressive language
of the children with HLHS as compared to that of the control

35 % 1 ® HLHS (n=17)
30% 4 o023 UVH (n=12)
Control (n=39)
25 % 1 n=4
20 % o
n=2
15 % A
n=2
n=4
10 % o n=3
n=2
5% +
0% +
Internalizing Externalizing Total Problems

Fig. 2. The distribution of borderline to clinical range behavior
problems in CBCL for the HLHS, UVH and control groups. X-axis
presents the classification of the behavior problems based on
T scores, Y-axis indicates the frequency of borderline to clinical
range behavior problems. HLHS = Hypoplastic left heart syndrome.
UVH = other forms of univentricular heart.
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children. With respect to both the vocabulary size and sen-
tence length, 35% of the children with HLHS performed in
the lowest 10%. Language problems have been previously
identified in older children with hypoplastic left heart
syndrome (Brosig et al., 2007a; Mahle et al., 2000, 2006;
Sarajuuri et al., 2007) and are often present also in older
children with other congenital heart defects (e.g., Bellinger
et al., 1999; Hovels-Giirich et al., 2008; Miatton et al., 2007).
Thus, the findings of the present study indicate that the
language problems seen in other studies with older children
with congenital heart defects, emerge early in development
and are discernible very early in children with HLHS. This
suggests some continuity in deficient language development
from young age into later childhood in these children. Indeed,
studies conducted with the Finnish version of the MCDI
suggest that delays in early language development show
continuity especially in at-risk children, for example, chil-
dren at risk for dyslexia (Lyytinen, 1999; Lyytinen, Eklund,
& Lyytinen, 2005).

With respect to emotional and behavioral problems, the
results showed that the children with HLHS had significantly
more difficulties than did the control children in regulating
their emotions and their behavior during the testing situation.
A higher percentage of mothers also reported their children as
experiencing borderline to clinical range Internalizing beha-
vior problems. These findings are partly consistent with those
of previous research. Mahle et al. (2000) reported that nearly
21% of school-age children with HLHS exhibited clinically
significant anxiety problems that represent Internalizing
type behavior. In the current study, a higher prevalence of
Internalizing behavior problems in young children with
HLHS may also reflect somatic problems, such as pains and
eating difficulties associated with the heart defect and its
treatment (Achenbach & Rescorla, 2000; Davis et al., 2007,
Perrin, Stein, & Drotar, 1991). Children with HLHS have
nevertheless also been reported to experience Externalizing
behavior (Brosig et al., 2007a), attention, and hyperactivity
problems (Mahle et al., 2000; Sarajuuri et al., 2007). In
the present study, such problems may be partly evident in
the processes of emotional regulation. Emotional regulation
at the age of 30 months measures characteristics such as
activity level, frustration tolerance, cooperation, adaptation
to change, attention to tasks, and hyperactivity in the testing
situation. This means that lower scores indicate negative and
irritable emotional tone, poor adaptability, and irregular or
unstable bio-behavioral self-regulation (Bayley, 1993). One
might speculate that some of these processes could manifest
themselves as attention problems as well as more widespread
problems in self-regulation as these children grow older.
Studies have shown deficits in attention (Hovels-Giirich et al.,
2007) and impulse control (Miatton et al., 2007) in older
children with other forms of severe congenital heart defects.

Previous studies have reported a better cognitive outcome
in children with UVH as compared with the children with
HLHS (Goldberg et al., 2000; Wernovsky et al., 2000). In
this study, differences in language and behavior measures
were not found between the UVH and control groups or
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between the UVH and HLHS groups. However, differences
between the groups cannot be excluded due to the relatively
small number of patients with UVH, and the heterogeneous
diagnoses and surgical management in the UVH group. In
addition to partly different operative approach, also pre-
operative mechanisms render the children with HLHS more
vulnerable to adverse outcomes: Fetal Doppler measure-
ments of cerebral blood flow reveal that fetuses with HLHS
comprise a special risk group with decreased cerebral vas-
cular resistance due to impaired cerebral circulation. On the
other hand, in fetuses with right-sided obstructive lesions,
like most of the children with UVH in the current study,
cerebral vascular resistance is elevated to shunt excess blood
away from the brain (Donofrio et al., 2003; Kaltman et al.,
2005). Abnormal fetal cerebral blood flow may result in
microcephaly or ischemic lesions, such as periventricular
leucomalacia, in newborns with HLHS (Donofrio et al.,
2003; Licht et al., 2004).

In children with cyanotic heart defects, preoperative
hypoxemia has been postulated as a risk factor for expressive
language development (Hovels-Giirich et al., 2008) and
attention dysfunction (Hovels-Giirich et al., 2007). Others
have also hypothesized that children with HLHS may be at
increased risk for language delays because they are hospita-
lized in infancy for extended periods when many language
skills are acquired (Mahle et al., 2006). Finally, with respect
to behavioral problems, one possible explanation to consider
may be the effect of parenting behavior. Parents of children
with HLHS have been shown to be more permissive in their
parenting style and may therefore be more reluctant to set
limits for their children (Brosig, Mussatto, Kuhn, & Twedell,
2007b). A permissive parenting style may affect the devel-
opment of self-regulatory processes in young children.
Indeed, the results of McCusker et al. (2007) suggest that
family processes, such as parenting style and maternal worry,
play an important role in predicting behavioral outcomes in
children with complex cyanotic heart defects.

As for the limitations of this study, the first is the small
sample size of children with HLHS, and especially of children
with UVH that limits statistical power. Also the heterogeneity
of the UVH group may have affected the results. However,
although the sample was small, it nevertheless represents a
majority of the entire cohort of children with HLHS and UVH
who were born in Finland during the years 2002-2005 and
who underwent surgery with advanced surgical techniques
(88% of the surviving eligible children with HLHS and 76%
of those with UVH attended the 30-month assessment). To
what extent the results are generalizable to children with this
disorder in other countries is uncertain.

The second limitation is related to the assessment of
BSID-II. The examiner, who administered the Mental Scale
and completed the BRS, was not blind to the condition of the
child. This was done to facilitate the provision of clinical
guidance and support to the child and the family. The results
of the categorical analysis of CBCL scores provide some
converging evidence for greater behavioral difficulties in
children with HLHS. Finally, it should be noted that the
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results concerning the MDI scores should be interpreted with
certain reservations, as North American norms were used
because Finnish norms were unavailable.

In this study the assessment of language was restricted to
expressive language, where as receptive language was not
assessed. The MCDI has, however, been shown to be a reli-
able and valid measure of child language at that age (Fenson
et al., 1994).

In conclusion, the results of the present study suggest
that at the age of 30 months, children with HLHS are at risk
for neurocognitive and behavioral deficits. Compared to
the control children, these children had lower scores in the
mean mental development index, more delays in expressive
language, and more problems in emotional and behavioral
regulation. The children with UVH differed from the controls
only with respect to overall cognitive development. Although
neurobehavioral assessment at early age is not always predictive
of later developmental outcomes (Hack et al., 2005; McGrath,
Wypij, Rappaport, Newburger, & Bellinger, 2004), the findings
concerning the children with HLHS, in combination with
studies of older children, suggest a certain continuity in the
pattern of neurocognitive difficulties across developmental time
points. Thus, these findings demonstrate the need for early
developmental screening, focused intervention and clinical
neuropsychological follow-up until school age, particularly
regarding the children with HLHS. Future studies will indi-
cate more precisely the neuropsychological profile of these
children as they grow older.
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Appendix

The participants of the study (22 children with HLHS, 14 with
UVH and 41 control children) attending neuropsychological
assessment at the age of 30 months derived from the
prospective neurodevelopmental follow-up study.

Prospective neurodevelopmental
follow-up study

Children born between

August 2002 — February 2005
32 HLHS, 25 UVH, Healthy controls

|
! l l

l

Not eligible Eligible, not participating

- 2 HLHS did not survive | | Eligible and recruited - 1 HLHS and 6 UVHaP
the newborn period due to logistic reasons

-3 (1 HLHS, 2 UVH) with| |~ 43 @8 HLHS, 1S UVH) | | 5 jyib parents chose
chromosomal defect not to participate

Control Group
- 46 recruited

L l ]

l

Not assessed

-4 HLHS and 1 UVH died
Assessed at 30

before the age of 12 Assessed at 30
months of age months months of age
- 22 HLHS, 14 UVH -1 HLHS received - 41 controls

cardiac transplant
-1 HLHS lost to follow-up

Not assessed
- 3 bilingual controls
-1 not attending
-1 with neutropenia

3 children with UVH exhibited more complex cardiac defects and died by the age of six months.

®The remaining children with UVH showed no signs of developmental problems on cardiology check-ups.
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