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Abstract Background: Improvements in long-term survival of children undergoing the Norwood staged
procedure and the arterial switch operation have resulted in the need to prepare these at-risk children for each
stage of their developmental trajectory, including school readiness. This study describes and compares
functional outcomes following the Norwood staged procedure and arterial switch operations. Methods: This
prospective inception cohort study comprised a sample of 73 children (71% boys) who had the Norwood
staged procedure (n 5 28) or the arterial switch operation (n 5 45) at the age of 6 weeks or younger at the
Stollery Children’s Hospital, Edmonton, Alberta, between 2002 and 2005. We excluded children who
had chromosomal abnormalities or cerebral palsy. When children were 18–24 months of age, parents
completed the Adaptive Behavioral Assessment System II. Standard scores for the domains are mean 100,
standard deviation (15); skill area scaled scores, 10 (3). Student’s t-test with Bonferonni correction was used to
compare groups. Results: This population has greater than four times the number of children delayed on the
General Adaptive Composite than the normative group. Functional outcomes were similar in the two groups
other than those of home living (Norwood: 8.8 (2.8) compared with arterial switch: 11.2 (3.1), t 5 3.389,
p 5 0.001) and self-care (Norwood: 5.9 (3.5) versus arterial switch: 8.1 (2.6), t 5 3.140, p 5 0.002).
Conclusion: These survivors are at increased risk for delayed functional abilities. Self-care, necessary for
independence and confidence as children reach school age, was particularly low in the Norwood group.
Reasons for low self-care abilities require further study.
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S
URGICAL TECHNIQUES FOR CHILDREN WITH COMPLEX

congenital cardiac disease have continually
improved, and enhanced medical treatment

has contributed to long-term survival of these
children.1 Decreased mortality rates have not been

without persistent morbidities. There is concern
about the increasing numbers of children who have
survived their congenital cardiac disease but have
ongoing health and developmental difficulties upon
entering the educational system and the commu-
nity.2–4 There is evidence that children who have
survived life-saving surgery for congenital cardiac
disease experience neurodevelopmental challenges
such as learning disabilities, fine and gross motor
delays, and behavioural problems.5,6 As a result,
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there is increasing concern regarding the influence
that congenital cardiac disease and associated surgery
has on the functioning and well-being of the affected
children and their families.7

Functional outcomes in children have tradition-
ally been measured by the Vineland Adaptive
Behavioral System8 and the Adaptive Behavioral
Assessment System.9 Adaptive behaviour has been
defined as the level to which individuals meet
the standards of personal self-determination and
social conscientiousness expected for their age and
culture.10 It is agreed that adaptive behaviour is
multi-dimensional,11 dynamic, and relative to age.10

Measurement of adaptive behaviour supplements
cognitive assessment in the diagnosis of mental
retardation to provide a comprehensive assess-
ment.7,10,12,13 Majnemer et al7 point out the need
for a better understanding of potentially modifiable
functional limitations of children with early complex
cardiac surgery.

This study aimed to describe and compare the
early childhood functional outcomes of survivors of
life-saving cardiac surgery as measured by adaptive
behaviour, using the Adaptive Behavioral Assess-
ment System II, in an inception cohort of children
after the Norwood staged procedure for hypoplastic
left heart syndrome or the arterial switch operation
for transposition of the great arteries at 6 weeks of
age or younger. A secondary aim was to determine
if children in this cohort have specific adaptive
skill area strengths and weaknesses within their
individual functional profile.

Materials and methods

Programme

The children were part of a larger study within the
Registry and Follow-Up of Complex Pediatric Therapies
Program as previously described.2,14,15 They were
from six centres in Western Canada: Vancouver,
British Columbia; Edmonton and Calgary, Alberta;
Regina and Saskatoon, Saskatchewan; and Winnipeg,
Manitoba. Owing to technical problems, data for
behavioural items in the self-care skill area from one
centre were not used.

Subjects

This prospective, descriptive inception cohort study
involved 73 children who had the Norwood staged
procedure or arterial switch operation at 6 weeks of
age or younger at the Stollery Children’s Hospital,
Edmonton, Alberta between 2002 and 2005, and
whose functional outcome status was evaluated
at 18–24 months following surgery. This was a
convenience sample of all children available. The

criteria of less than 6 weeks of age ensured that
neonates with the most severe cardiac malforma-
tions requiring life-saving neonatal surgery were
included in our sample. The study period beginning
after September, 2002 corresponds to a change in
the stage 1 palliation for hypoplastic left heart
syndrome from the modified Blalock–Taussig to the
right ventricle to pulmonary artery shunt.16 In all,
28 children (mortality 19%) with hypoplastic left
heart syndrome and the Norwood staged procedure
using a right ventricle to pulmonary artery shunt
at first stage16 and 45 children (0% mortality) with
transposition with or without ventricular septal
defect after the arterial switch operation comprised
the study group. The study excluded children who
had chromosome abnormalities (3) or cerebral palsy
(1). No child had a vision or hearing loss. Socio-
economic status, as calculated for the main or
highest income earner, was determined using the
Blishen Index (dependent upon employment, educa-
tion, and prestige value of an occupation), with
a standard population mean of 43 and standard
deviation of 13.17 Maternal education was measured
in total years of schooling.

Ethics and consent
We obtained ethics board approvals and informed
consent from the parents or guardians of all of
the registered children. No parents declined to
participate in the study.

Measure

To ascertain the functional abilities of the children,
parents completed the Adaptive Behavioral Assessment
System II9 questionnaire. Established test administra-
tion protocols were followed9 and the same individual
scored all of the forms.

The Adaptive Behavioral Assessment System II
is an instrument designed to measure and assess
realistic, independent behaviours of individuals and
the usefulness of interactions with others, while
including consideration of community contexts.9

The composite scores have age-based standard
scores with a mean of 100 and a standard deviation
of 15. There are nine skilled areas grouped into
three composite domain areas, such as conceptual
(communication, functional academics, and self-
determination); social (leisure and social); and
practical (community use, home living, health and
safety, and self-care). The motor skill area is separate
and included with the nine skilled areas in the
total General Adaptive Composite score. In total,
10 age-specific skill area scaled scores with mean
normative data of 10 and a standard deviation of 3
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are also available from the raw scores calculated
from specific test items.

The standardisation sample for the Adaptive
Behavioral Assessment System II comprised 2100
individuals at birth to 5 years of age according to
gender, race, and different levels of disabilities.9

The average reliability coefficient for the adaptive
domains ranged from 0.91 to 0.98. The test–retest
reliability coefficients range from 0.70 to 0.90.9

Validity has been indicated in all instrument scores
by an internal consistency of 0.90.9

We used the parent report form for children 0–5
years 11 months in this study. A decision was made
in advance to explore in detail any of the skill area
scaled scores in either group with mean scores lower
than 1 standard deviation below the population
mean. For these, the Likert-type scale response for
each individual behaviour item was recorded.

Data analysis

We used descriptive statistics to compare the
children of the two surgical groups (Norwood and
arterial switch) in relation to sex, family’s socio-
economic status, mother’s education, age at form
completion, and population size of home commu-
nity of the family. The scaled scores for the 10 skill
areas and the standard scores for the four domains
of the Adaptive Behavioral Assessment System11 for
the Norwood and arterial switch groups, as well as
behavioural items, were compared using indepen-
dent t-tests. Bonferroni correction was used for
multiple tests. The proportion of children in a skill
area within each surgical group with scores within
the extremely low range (below minus 2 standard
deviations) was compared using Fisher’s Exact
significance test. Differences between single skill
area scaled scores and average scaled scores were
calculated. For each child a significant difference

was determined if the difference between the skill area
and mean scaled scores occurred in less than 5% of the
standardisation sample.18 A p-value of less than 0.05
was used unless otherwise indicated. All analyses were
performed using SPSS version 15 (SPSS Inc., Chicago,
Illinois, United States of America).

Results

The population is described in Table 1. No statistically
significant differences between the Norwood and
arterial switch surgical subgroups were identified on
any of the descriptive variables (Table 1).

Most of the children functioned at an adaptive level
normal for age (Table 2a). After Bonferroni correction
of multiple univariate analysis, the arterial switch
group had scores similar to those of the Norwood
group in all skill areas except for home living and self-
care. For home living, this difference between groups
was partly related to the high scores within the arterial
switch group. The self-care scores for the Norwood
group were lower than those for the arterial switch
group, with a mean more than 1 standard deviation
below normative values (Table 2a), which contributed
to the significant difference within the Practical
domain (Table 2b).

There were no differences between surgical
groups in the proportion of children with extremely
low scores in the skill area or domain scores (Table 3).
However, two to four times more children were
delayed on composite scores than the normative
population. Extremely low scores, under 2 standard
deviations, occur in less than 2.3% of the normative
population. Of the 10 skill area scaled scores, 11%
of the total group and 21% of the Norwood group
had extremely low scores in self-care (Table 3).

Individual strength and weaknesses relative to
individual mean scaled scores are presented in Table 4

Table 1. Descriptive variables of 73 children after Norwood staged procedure or the arterial switch operation: n (%), mean (standard deviation).

Descriptors Total (n 5 73) Norwood (n 5 28) Arterial Switch (n 5 45) t-test x2 p-value

Sex (male) 52 (71%) 22 (79%) 30 (67%) 1.194* 0.275
Family SES 42.7 (11) 41 (9) 44 (12) 1.046 0.299
Mother’s education (years) 13.2 (2.3) 13.3 (1.7) 13 (3.0) 20.353 0.725
Age at testing (months) 21.2 (3.3) 21.3 (3.2) 21.2 (3.6) 20.199 0.843
Early intervention services 32 (44%) 12 (43%) 20 (44%) 0.894**
Population size of home community 4.967* 0.761

,30,000 32 (40%) 10 (36%) 22 (49%)
.30,000 to ,100,000 12 (16%) 4 (14%) 8 (18%)
.100,000 29 (44%) 14 (50%) 15 (33%)

SES 5 socio-economic status17

*Values represent x2values
**Fisher’s exact (two-sided)
Exploratory significant p-values of ,0.05
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using the population cut-off of 5%. No individual
child had strength in any skill area. The only
weakness found to be more common in any child in
this study was self-care; 39% of the Norwood
group, and 11% of the arterial switch group had
low individual self-care scores (Table 4).

As self-care was the only skill area with a mean
more than 1 standard deviation below the normative
value for the Norwood group and the only individual
skill area to demonstrate weakness beyond the
population cut-off for both groups, the behavioural

items used to comprise this scaled score were analysed.
The items were grouped into four categories, eating,
bedtime, dressing, and grooming. The feeding items
in the self-care scaled score were different between the
two surgical groups (Table 5). The Norwood group
reported lower scores for items relating to feeding.

Discussion

This study is the first to present a detailed
comparison and analysis of specific skill areas of

Table 2a. Scaled scores of the Adaptive Behavioral Assessment System11 for children after complex neonatal cardiac surgery: mean
(standard deviation).

Skill areas Total (n 5 73) Norwood (n 5 28) Arterial Switch (n 5 45) t-test p-value

Communication 9.9 (3.0) 9.1 (3.3) 10.4 (2.7) 1.748 0.085
Community use 9.7 (3.0) 8.7 (2.9) 10.3 (2.8) 2.435 0.017
Functional pre-academics 9.4 (3.0) 9.4 (2.8) 9.4 (3.0) 0.060 0.952
Home living 10.3 (3.2) 8.8 (2.8) 11.2 (3.1) 3.389 0.001
Health and safety 9.2 (3.0) 8.1 (2.9) 9.8 (3.0) 2.361 0.021
Leisure 10.5 (3.5) 9.8 (3.2) 10.9 (3.6) 1.370 0.175
Self-care 7.3 (3.1) 5.9 (3.5) 8.1 (2.6) 3.140 0.002
Self-direction 10.5 (3.3) 9.4 (3.3) 11.2 (3.1) 2.330 0.023
Social 10.2 (3.4) 9.3 (3.6) 10.7 (3.2) 1.719 0.090
Motor 9.9 (3.6) 9.0 (4.0) 10.5 (3.2) 1.817 0.073

After Bonferroni correction p-values <0.005 remain significant

Table 2b. Domain standard scores of the Adaptive Behavioral Assessment System11 for children after complex neonatal cardiac surgery:
mean (standard deviation).

Domains Total (n 5 73) Norwood (n 5 28) Arterial Switch (n 5 45) t-test p-value

GAC 97 (18) 90 (18) 101 (16) 2.509 0.014
Conceptual 98 (16) 95 (18) 101 (16) 1.604 0.113
Social 100 (19) 95 (19) 104 (19) 1.739 0.086
Practical 93 (17) 85 (17) 97 (16) 3.069 0.003

GAC 5 general adaptive composite (includes all domains): conceptual (communication, functional pre-academics, self-direction); social (leisure,
social); practical (self-care, home living, community use, health and safety)

Table 3. Proportion of children after complex neonatal cardiac surgery with scores below minus 2 standard
deviations on the Adaptive Behavioral Assessment System11: n (%).

Skill areas and domains Total (n 5 73) Norwood (n 5 28) Arterial switch (n 5 45) Fisher’s Exact

Communication 1 (1) 1 (4) 0 (0) 0.384
Community use 1 (1) 1 (4) 0 (0) 0.384
Functional pre-academic 1 (1) 0 (0) 1 (2) 1.000
Home living 3 (4) 2 (7) 1 (2) 0.554
Health and safety 1 (2) 1 (4) 0 (0) 0.384
Leisure 3 (4) 1 (4) 2 (4) 1.000
Self-care 8 (11) 6 (21) 2 (4) 0.048
Self-direction 2 (3) 2 (7) 0 (0) 0.144
Social 4 (6) 2 (7) 2 (4) 0.635
Motor 4 (6) 4 (14) 0 (0) 0.019
GAC 8 (11) 5 (18) 3 (7) 0.246
Conceptual 4 (6) 3 (11) 1 (2) 0.154
Social 6 (8) 3 (11) 3 (7) 0.669
Practical 7 (10) 5 (18) 2 (4) 0.099
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adaptive behaviour, specifically focusing on self-care
results among the survivors of the Norwood staged
procedure and the arterial switch operation in early

childhood. This study supports a recent concern
voiced about the functional abilities of children, as a
comorbidity of complex congenital cardiac disease.7,19

We also determined that 10% of survivors, which is
more than four times the expected population, have
delays on the General Adaptive Composite Score of the
Adaptive Behavioral Assessment System II. Although
differences were found between the two study groups,
the prominent difference was that of self-care.

Few studies report functional outcomes for children
with hypoplastic left heart syndrome. It has been
posited that children with surgically palliated hypo-
plastic left heart syndrome are already disadvantaged
with neurological morbidity and therefore have been
excluded from analysis in some studies.20,21 However,
two studies reported on functional abilities specifi-
cally in infants with hypoplastic left heart syndrome.
In one of the earliest outcome studies including
11 children with surgically palliated hypoplastic left
heart syndrome who were born between 1986 and
1991, it was reported that 8 of the 11 (73%) children
with a mean age of 38 months had a severe functional
disability (greater than 2 standard deviations) on the
WeeFIM, the functional independence measure they
used to assess self-care, sphinctre control, transfer,

Table 4. Number (%) of children with a strength or weakness
for an individual child in a named area.

Norwood
(n 5 28)

Arterial switch
(n 5 45)

Strength
Community use 0 (0) 1 (2)
Health 0 (0) 1 (2)
Leisure 0 (0) 1 (2)
Self-care 0 (0) 1 (2)
Self-direction 1 (4) 2 (4)
Social 0 (0) 2 (4)
Motor 0 (0) 2 (4)

Weakness
Communication 1 (4) 1 (2)
Community use 0 (0) 1 (2)
Functional pre-academics 0 (0) 1 (2)
Health 0 (0) 1 (2)
Leisure 0 (0) 1 (2)
Self-care 11 (39) 5 (11)
Social 0 (0) 1 (2)
Motor 0 (0) 2 (2)

Table 5. Specific self-care behavioural items between surgical groups: mean of Likert score 0–3 (standard deviation).

Adaptive behaviour assessment self-care items Norwood (n 5 25)* Arterial Switch (n 5 30)* t-test p-value

Eating
Swallows liquids with no difficulty 2.48 (0.87) 2.97 (0.18) 2.985 0.004
Drinks willingly 2.32 (0.98) 2.9 (0.30) 3.050 0.004
Swallows soft/strained food 2.48 (0.96) 3.0 (0.00) 2.964 0.005
Opens mouth when offered food 2.28 (0.89) 3.0 (0.00) 4.436 0.000
Feeds self crackers, cookies, etc. 2.72 (0.68) 3.0 (0.00) 2.265 0.028
Drinks from cup 2.52 (0.77) 2.97 (0.18) 3.079 0.003
Points or asks for food 2.56 (0.77) 2.90 (0.30) 2.226 0.030
Cuts own meat/food 0.16 (0.37) 0.27 (0.58) 0.788 0.434
Hold and drinks from sippy cup 2.80 (0.50) 2.97 (0.18) 1.698 0.095

Bedtime
Sleeps with 1–2 3 waking up 2.72 (0.68) 2.87 (0.43) 0.970 0.336
Sleeps through entire night 2.16 (1.1) 2.40 (0.67) 1.013 0.316
Goes to bed – no complaints 2.28 (1.0) 2.43 (0.72) 0.648 0.519

Dressing
Lifts arms for dressing 2.76 (0.44) 2.97 (0.18) 2.363 0.022
Takes shoes off 2.00 (1.1) 2.60 (0.72) 2.454 0.017
Dresses self 0.28 (0.54) 0.70 (0.99) 1.899 0.063
Buttons up shirt 0.20 (0.41) 0.30 (0.60) 0.711 0.480

Grooming
Washes hands with soap 1.40 (1.2) 1.83 (1.2) 1.302 0.199
Sits on potty without being held 0.96 (1.1) 1.53 (1.3) 1.677 0.099
Wipes face with cloth 1.96 (0.98) 2.40 (0.81) 1.791 0.080
Tells parents re: bathroom 0.36 (0.70) 0.87 (1.1) 1.982 0.053
Brushes teeth 1.28 (1.1) 1.67 (1.1) 1.247 0.218
Uses bathroom without help 0.24 (0.52) 0.53 (0.97) 1.352 0.182
Takes bath/shower by self 0.16 (0.37) 0.33 (0.66) 1.164 0.250
Washes own hair 0.20 (0.50) 0.57 (0.89) 1.819 0.075

Significance 5 ,0.005, ,0.016, ,0.012, and ,0.006 following Bonferroni correction for eating, bedtime, dressing, and grooming, respectively
*Missing raw data
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locomotion, communication, and social cognition.22

Gross motor delays were reported in five of the
children (45%). In another study that included
13 children (mean age 4.4 years) with surgically
palliated hypoplastic left heart syndrome who had
their surgeries between 1990 and 1996, more
positive outcomes were reported, including adaptive
behaviour scores based on Vineland Adaptive
Behavior Scales that were in the range of a lower
adaptive score with a standard deviation of minus 1,
especially in motor skills, for children less than 3 years
of age when compared with their matched family
controls.23 Another follow-up evaluation with a large
sample size from a more recent treatment era found
that greater than 85% of the children after the
Norwood staged procedure had motor skills that were
average for age.16

In contrast to the Norwood surgical approach,
which involves three surgeries in the pre-school
period, children with transposition typically require
one complex surgery in the first weeks of life to
complete the repair of their malformed hearts.
Although the adaptive scores in the arterial switch
group, in this study, suggest that these children are
functioning at a level that is normal for their age,
except for a greater percentage of lower scores than
the normal population for self-care, there is convinc-
ing evidence that socialisation, speech, expressive
language, behavioural problems, and cognitive
abilities in later years (school-age and adolescence)
may be of concern.15,24–26 This suggests that ongoing
monitoring is needed.

The findings in this study demonstrated that the
children in the Norwood group were on par with
the children in the arterial switch group in many
functional abilities. The Norwood group of children
was functioning at an average level for their age
group in communication, pre-school academics,
leisure, and self-direction. Despite this positive
finding, there is an indication that children under-
going the Norwood staged procedure can have
increasing problems in later years.6,27

The high percentage of individual weakness in
self-care in this study confirms earlier studies in pre-
school and school-age children after neonatal cardiac
surgery, demonstrating some self-care scores lower
than the normal population.2,5,19 In the breakdown
of the items within the self-care skill area of the
Adaptive Behavioral Assessment System II, children
in this study who were in the Norwood group have a
low self-care score related to significantly less skill in
feeding in comparison to the children in the arterial
switch group. Many babies with hypoplastic left
heart syndrome require tube feeding due to feeding
issues and poor weight gain during the first year of
life. Decreased oral stimulation during infancy may

contribute to oral aversions and subsequent feeding
issues that sometimes result in long-term tube
feeding. This may be the cause of poorer feeding
skills in the Norwood group. Of the eight children in
our Norwood cohort, two who required gastrostomy
tube feedings post-surgery continued with tube
feeding after 2 years of age. It has been shown that
tube-feeding regimes in the first year following
surgery are a struggle for parents.28

In addition, the practical composite score of
the Adaptive Behavioral Assessment System II was
significantly lower than the conceptual or social
composite scores. This finding demonstrates that
children with congenital cardiac disease at 18–24
months are falling behind their peers in areas of self-
care and independence. Further research is required to
see if parental anxiety and overprotection contribute
to this, as hypothesised by others.29

Early intervention programmes for low birth
weight children decreased the prevalence of mental
and physical development delay at 1 and 2 years of
age when compared to a control group.30,31 This
finding shows the potential resiliency in these
children to adapt and the positive effect of early
intervention services on adaptive behaviours, as
reflected in cognitive and physical improvement.
It has been suggested that pre-school children are
able to assess their own vulnerability, are able to
verbalise these perceptions and, therefore, are able
to determine what they ‘‘can and cannot’’ do.32

Research with pre-school children and their parents
demonstrated that the parents and children who
agreed on their perceptions of the child’s vulner-
ability could work together in the assessment of the
children’s health.32 Therefore, if parents perceive
their child as resilient and able to reach develop-
mental milestones, perhaps it could contribute to
improved outcomes for the child because the child
would share in this optimism, with improvement in
functional abilities. Developing motor skills, speech
patterns, cognitive ability, and social interactions
incrementally in all of these areas has a scaffolding
effect as these children learn and adopt more
complex skills and thereby shape their psychosocial
development. Individual assessment to understand
each child’s capabilities is required.

The strength of this study is that data were
collected prospectively, and two specific groups with
two different types of congenital cardiac disease were
included, so that differences could be detected. The
study has a broad geographic base, including children
from across Western Canada, all of whom received
their surgical intervention at the same centre. All
parents completed the same form and it was scored
by the same person. Despite the age-based standard
Adaptive Behavioral Assessment System scores and
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the crucial time period of development represented
in this study, that is, 18–24 months, a potential
limitation of the findings is that only a small
repertoire of skill areas are reported on for children of
this young age. In addition, we acknowledge that the
parental report of the behaviours of their young
chronically ill children often reflect more optimism33

than professionals deem appropriate, and thus the
higher than standardised scores for the children in the
arterial switch group may be questioned by some. A
further limitation was the missing raw data for the
completion of the self-care items (see Table 5).

In conclusion, we stress that it is essential for young
children to develop age-appropriate independent skills
in daily living activities prior to transitioning into
the school environment. It would be beneficial to
conduct further research to explore and understand the
influences that contribute to the child’s intellectual
competence and functional abilities in order to design
relevant interventions prior to school entry. Clinically
relevant knowledge pertaining to the process by
which children with congenital cardiac disease
adapt, through examination of their strengths and
weaknesses related to self-care and functionality,
could provide direction for facilitating the child’s
meaningful involvement in, and contribution to,
their family, school, and community.
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