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Neurodevelopment and Behavior after Transcatheter versus Surgical
Closure of Secundum Type Atrial Septal Defect

lemke Sarrechia, MSc Psych’, Daniél De Wolf, MD, PhD?, Marijke Miatton, PhD®, Katrien Franois, MD, PhD*,
Marc Gewillig, MD, PhD°, Bart Meyns, MD, PhD®, and Guy Vingerhoets, PhD'

Objective To assess the neuropsychological and behavioral profiles of school-aged children treated for atrial
septal defect, secundum type (ASD-II) with open-heart surgery or catheterization.

Study design Patients (n = 48; mean age, 9 years, 3 months) and a matched healthy group (mean age, 9 years,
2 months) were evaluated with a shortened intelligence scale (Wechsler Intelligence Scale for Children, third edition,
Dutch version) and a developmental neuropsychological test battery (Developmental Neuropsychological Assess-
ment, second edition, Dutch version). Parents completed behavioral checklists (Achenbach Child Behavior Check-
list for Children aged 6-18). Hospitalization variables were retrieved from medical files for studying associations with
long-term neurodevelopment.

Results Compared with the healthy matched controls, patients treated for ASD-II had significantly lower scores on
subtasks underlying such Developmental Neuropsychological Assessment, second edition, Dutch version domains
as Attention and Executive Functioning, Language, Working Memory, Sensorimotor Functioning, Social Cognition,
and Visuospatial Information Processing. Only subtle differences, mainly in Visuospatial Information Processing,
were found between the surgical repair and transcatheter repair groups. Socioeconomic status, longer hospital
stay, and larger defect size were associated with neurocognitive outcome measures. Parents of patients reported
more thought problems, posttraumatic stress problems, and lower school performance compared with parents of
healthy peers.

Conclusion After treatment for ASD-II, children display a range of neuropsychologic difficulties that may increase
their risk for learning problems and academic underachievement. Differences related to treatment were not found.
Our results suggest that neurodevelopmental and behavioral follow-up at school age is warranted in this group. (J
Pediatr 2074; 1:H-1).

urgery and catheterization for symptomatic atrial septal defect, secundum type (ASD-II) have proven to offer excel-
lent survival rates and functional outcome,’ yet little emphasis has been placed on the long-term neurodevelopment
of this patient cohort. Few studies have addressed the impact of cardiac intervention to treat acyanotic congenital
heart disease (CHD) on later neurocognitive function. Negative mental and behavioral sequelae after intervention for acya-
notic heart defects have been documented.”® Studies have reported a high prevalence of low-to-average intelligence scores,
attentional dysfunction, and problems with visuospatial information processing and motor function in cohorts of acyanotic
patients.””>”"” Studies also have focused on understanding the various possible causes underlying neurobehavioral impair-
ment, including genetics, surgical procedures, cerebral hypoperfusion, microembolization, the inflammatory response, and
the general psychological and physical strain caused by surgery and hospitalization.'”"'* More recently, the influence of fam-
ily factors, such as socioeconomic status (SES) and parental stress, have received more attention. These noncardiac environ-
mental factors can counterbalance the impact of risk factors and are protective against adverse developmental
outcomes. ™"’
The aim of the present study was to evaluate neurocognitive and behavioral sequelae following different interventions for
symptomatic ASD-II. We compared the neuropsychologic profiles of children
with corrected ASD-II and matched healthy controls. In addition, we evaluated
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The study cohort included patients treated for an ASD-II in 2
Belgian specialized heart centers, Ghent University Hospital
and University Hospital Gasthuisberg Leuven. The selected
patients underwent neurodevelopmental screening at school
age (6-12 years). Exclusion criteria were perinatal problems,
preterm birth (<37 weeks gestational age), birth weight
<2000 g, other cardiac malformations, genetic abnormalities,
and developmental syndromes. Out of 87 invited children,
the parents of 48 children with ASD-II (55%) elected to
participate in the study. For the surgical repair group, 62%
of the respondents were enrolled; in the transcatheter repair
group, 51%. Reasons for nonparticipation included diag-
nosis of a developmental syndrome (4.5%), family issues
(3.5%), and no response (37%).

Surgical closure of ASD-II was performed via midline ster-
notomy with direct suture using mild to moderate hypother-
mic (range, 28-37°C) cardiopulmonary bypass. There were
no significant differences in surgical defect repair between
the 2 centers.

Percutaneous ASD-II closure was performed using a Fig-
ulla ASD occluder (Occlutech, Jena, Germany) at Ghent Uni-
versity Hospital, and transcatheter repair was achieved using
an Amplatzer occlusion device (AGA Medical Corporation,
Plymouth, Minnesota) at University Hospital Gasthuisberg
Leuven. Both devices have proven to provide effective closure
of ASD-IL."”

The patient cohort comprised 18 patients who underwent
surgical repair and 30 patients who underwent transcatheter
repair (mean age, 9 year, 3months &+ 1 year, 9 months). All
48 patients had undergone functional ASD-II repair and were
considered healthy at the time of assessment. The healthy con-
trol group was recruited through approval of primary school
boards and was matched with the patients on sex, age, and
parental education. Parents completed demographic surveys.
SES was determined using the Hollingshead Four-Factor In-
dex,'® which combines parental occupational and educational
level. Raw scores ranged from 24 to 66, with a higher score indi-
cating higher social status. The 2 hospitals’ Medical Ethics
Committees approved the study, and written consent was ob-
tained from the parents of all patients. The study protocol was
in accordance with the Declaration of Helsinki.'”

The children’s intelligence was assessed using a shortened
version of the Wechsler Intelligence Scale for Children, third
edition, Dutch version. In the Wechsler Intelligence Scale for
Children, third edition, Dutch version, 2 verbal subtests
(similarities and vocabulary) and 2 performance tasks (pic-
ture arrangement and block design) constitute a reliable mea-
sure of overall intelligence.'”

The Developmental Neuropsychological Assessment, second
edition, Dutch version is a reliable test battery for assessing an
extensive range of neurocognitive skills in children.'” The Devel-
opmental Neuropsychological Assessment, second edition,
Dutch version domains of Attention and Executive Functioning,
Language, Memory and Learning, Sensorimotor Integration,
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Social Perception, and Visuospatial Processing were assessed
through 21 subtasks with 37 outcome scores. Table I
(available at www.jpeds.com) summarizes the selected tasks.
Outcome scores are expressed as age-adjusted standardized
scores (mean £ SD, 10 £ 3), or percentile scores, which are
considered process scores (<2nd to 75th percentile). These
scores assess specific abilities or error rates that allow the
clinician to evaluate a child’s performance in more detail.
Total test duration was 3 hours; breaks were provided during
the test procedure when necessary to avoid fatigue.

The Achenbach Child Behavior Checklist for children aged
6-18 (CBCL-6/18)" was used to obtain standardized measures
of various aspects of behavioral, social, and emotional func-
tioning of the children as rated by their parents. The CBCL-
6/18 contains problem behavior scales and competence scales,
rated in terms of frequency on a 3-point Likert scale. The 113
items cluster into 8 syndrome scales. Three composite scales
are computed—internalizing, externalizing, and combined—
which constitute the total problem behavior. Specific classifi-
cations of behavioral questions represent clinical Diagnostic
and Statistical Manual of Mental Disorders (DSM)-oriented
scales. Outcome scores are expressed as t-scores.

Medical charts were retrieved for patient hospitalization
data potentially associated with cognitive outcome measures
(Table II). Correlations with outcome measures and SES, age
and weight at intervention, total hospital stay, and defect size
were explored. Additional analyses were performed in the
surgical repair group to study associations between
outcome scores and time on extracorporeal circulation and
level of hypothermia during the procedure.

Statistical Analyses

Normally distributed data are presented as mean + SD; data
that do not meet normality assumptions, as median (IQR).
Demographic characteristics and cognitive outcome mea-
sures were compared between the patient group and matched
controls. Nominal data were compared using the Fisher exact
test. For data derived from the medical charts, median and
IQR were calculated.

For evaluating Developmental Neuropsychological Assess-
ment, second edition, Dutch version outcomes, ANOVA was
used to analyze group contrasts. Percentile scores were
analyzed by the nonparametric Mann-Whitney U test with
the exact option for nonrelated samples. In comparisons of
different treatment outcomes, SES was added as a covariate
in the analyses. To control for multiple testing, P values
were adjusted according to the Benjamini-Hochman false
discovery rate.”" Effect sizes were calculated to quantify the
difference between groups. Corrections and effect sizes
were applied to standardized scores and percentile scores
separately. For parametric data, the Cohen d was computed,
which determines effect size based on difference between 2
means divided by the pooled SD. For data that did not
meet normality assumptions, the Mann-Whitney r was calcu-
lated. Effect size was classified as small (d= .20/r=.10), mod-
erate (d=.50/r=.30), large (d=.80/r=.50) and very large (d =
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(Table II. Demographic data W
Surgical repair Transcatheter
Variables Patients Controls P value group repair group P value
Number 48 48 18 30
Sex 19 males, 29 females 19 males, 29 females 1.0, x> 6 males, 12 females 13 males, 17 females 493, x°
Age at testing, mean + SD 9y,3mo+1y,9mo 9y, 2mo=+1y,9mo .845 9y,2mo+2y,2mo 9y,3mo+1y,7mo .952
Birth weight, g, mean + SD 3228 + 491 3497 + 570 .015* 3316 + 387 3175 + 543 .341
Birth length, cm, mean + SD 495+ 2 50.8 + 2.6 .008" 49.8 + 2 493 +2 A78
5-min Apgar score, % <4:0 <4:0 NS <4:0 <4:0 NS
4-6:0 4-6:0 4-6: 0 4-6:0
7-10: 100 7-10: 100 7-10:100 7-10: 100
SES, mean + SD 401+ 8 432 £ 741 .055 372+66 419 + 84 .045¢
Age at intervention, mean + SD - - 2y9mo+1y,8mo 4y, 2mo+1y,7mo 014"
Range 48mto6y, 7 mo 6.4mto7y, 6 mo
Weight percentile at intervention, % - - 3-10: 72.2 3-10: 31 .054F
25-50: 16.7 25-50: 31
75-90: 11.1 75-90: 38
Hospital stay, d, median (IQR) - - 7 (6-7) 2(2-2) .000"
Defect size, mm, median (IQR) - - 19 (14-21) 11 (10-13) .000"
Extracorporeal circulation time, - - 38.5 (32-49) -
min, median (IQR)
Level of hypothermia, °C, median (IQR) - - 32 (31.5-36.2) - )
.

NS, not significant.

Nominal data: x2 with the Fisher exact test®.
*P < .05.

1P < .01.

1.3/r =.70). Effect sizes were calculated for equal samples (pa-
tients vs controls) and unequal sample sizes (surgical repair
group vs transcatheter repair group), respectively.

Pearson and Spearman correlations (2-tailed) were used to
explore associations between neuropsychologic outcomes
and medical variables for standardized and percentile scores,
respectively.

Table II provides an overview of birth characteristics,
demographic data, and hospitalization data, retrieved from
medical charts. Birth weight and birth length differed signi-
ficantly between patients and controls. No other differences
were found, owing to the careful matching of the 2 groups.

Performance on intelligence assessment and neuropsycho-
logic screening is summarized in Table III. Intelligence
outcome scores showed no significant between-group
differences. Overall estimated intelligence and associated
verbal and performance subtasks were within normal
ranges and reflected small effect sizes (d 0.07-0.39).

In terms of the neuropsychological profile, between-group
differences were evident in all domains assessed. Although
standard scores were close to normal population means,
moderate to large effect sizes (d = 0.50 / r = 0.30) were
evident in the majority of the scores, where significant differ-
ences between groups were observed.

In the Attention and Executive Functioning domain, pa-
tients scored lower than controls on almost every outcome.
On the subtest level, auditory attention, inhibition, design
fluency, and sustained attention as measured by inhibition
time yielded significantly lower results in the patient group.
In the Language domain, performance on subtasks of
comprehension of instructions and repetition of nonsense

words was lower for patients compared with controls. Mem-
ory scores differed in terms of the recall of previously famil-
iarized faces and the working memory aspect in word list
interference. The patients scored significantly lower on the
subtasks of the Sensorimotor Function domain, where imita-
tion of hand positions, manual motor sequences, and visuo-
motor precision assessed refined motor skills. Theory of
mind tasks in the Social Cognition domain elicited group dif-
ferences. The significant value for the affect recognition sub-
task showed a trend after correction for multiple testing.
Visuospatial competency was lower in the patient group for
block construction and design copying.

Among the patient cohort, the surgical repair and trans-
catheter repair groups differed significantly in terms of SES,
age at intervention, length of hospital stay, and defect size.
SES was entered as a covariate in the analyses. Patients in
the surgical repair group scored lower in the subtasks cued
recall of a narrative and, more explicitly, visuospatial skills,
assessment of motor and visual perceptual skills, and visuo-
spatial analysis. However, following correction for multiple
testing with the Benjamini-Hochmann method, none of
these differences remained significant, and the 2 treatment
groups showed no differences in long-term neurocognitive
outcomes. Splitting the patient cohort reduced the power
of our analysis; for example, according to power calculations,
we would need 45 subjects in each group to reach 80% power
to find a significant difference (P < .05) in full estimated IQ.

Of note is the pattern of the scores, with the surgical repair
group scoring lower on the majority of the subtests, although
the differences do not achieve statistical significance. The
false discovery rate multiple testing correction discarded
some of the significant P values; however, in terms of clinical
relevance, we can discern particular moderate to large effect
sizes (d = 0.50 / r = 0.30) in the Intelligence Inhibition
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( Table III. Neuropsychological performance W
Adjusted Effect size, Surgical Transcatheter Adjusted Effect size,
Variables Patients Controls  Pvalue P value* dr repair group repair group Pvalue P value* dr
Number 48 48 18 30
WISC-1II-NL
Estimated full-scale 1Q 1029 + 15.7 1079 +10.6 .075 176 0.37 974+148 1063 +156 .310 516 0.58
Similarities 122 +31 124+23 738 .738 0.07 11.8 + 34 125+ 29 .860 .860 0.22
Picture arrangement 95+ 34 10.7 £ 26 .052 176 0.39 8.3+34 10.3 + 3.2 228 516 0.61
Block design 99+28 108+29 141 176 0.31 89+27 10.6 + 2.8 .297 516 0.61
Vocabulary 10.2 + 2.6 11+22 107 176 0.33 94+20 10.7 +£ 2.9 AT77 .596 0.49
NEPSY-II-NL
Auditory Attention and
Executive Functioning domain
Auditory attention 50 (25-75) 75 (75-75) .OOOfr .000" 0.38 62.5 (25-75) 50 (25-75) .989 1.0 0
Comission errors 75 (10-75) 75 (75-75)  .012° 1029 0.25 50 (10-75) 75 (10-75) .209 496 0.19
Omission errors 37.4(25-75) 75(50-75 .014"  .029' 0.24 75 (25-75) 25 (25-75) 1331 571 0.14
Response test 50 (25-50) 50 (50-68.7) .009" .029° 0.29 25 (25-50) 50 (21.2-50)  .361 571 0.14
Comission errors 25(10-25) 75 (56.25-75) .000" .000" 0.64 17.5(10-31.2) 25 (10-25) 452 .660 0.11
Omission errors 25 (25-68.7) 75 (50-75)  .002" .009" 0.35 25 (25-50) 50 (25-75) .293 .556 0.17
Inhibition errors 25 (10-75) 25 (25-75)  .169 .251 0.15 25 (21.2-75) 25 (10-75) .735 .821 0.05
Design fluency 92+18 105+24 .004‘T 010" 0.61 8.7+17 95+19 .336 617 0.43
Inhibition 50 (50-50) 50 (50-75)  .013' .029' 0.25 50 (50-62.5) 50 (50-50) 1.0 1.0 0
Inhibition time 10+24 111+£19 022 033 0.50 94 +20 105+ 25 375 617 0.47
Language domain
Comprehension of 106 £ 29 119+ 24 015! .024/ 0.48 9.8 +27 11.1+29 419 .617 0.46
instructions
Repetition of nonsense 99+ 26 121 +1.8 .000" .000" 0.98 9.2+23 104 + 2.7 480 .617 0.46
words
Speeded naming
Total 50 (25-50) 50 (25-50)  .185 .251 0.13 25 (25-50) 50 (25-50) a7 464 0.20
Speeded naming time 75 (75-75) 75 (75-75) 174 251 0.11 75 (75-75) 75 (75-75) 577 688 0.09
Word generation
Semantic 98 +27 102+ 24 A75 534 0.15 9.0 + 21 10.3 +29 448 .617 0.49
Linguistic 50 (10-75) 50 (25-50)  .938 .938 0 25(7.5-62.5) 62.5(21.2-75) .139 440 0.23
Memory and Learning
domain
Memory for faces 9.8 +32 98 +27 977 977 0 9.6 +3.3 9.9 + 32 .997 .997 0.09
Delayed 103+ 29 1.8+ 27 .009" .029° 0.53 9.2+ 34 10.8 + 2.6 157 .617 0.54
Memory for names 96 +29 93+2 .540 571 0.12 8.6+ 24 10.2 + 3.0 228 .617 0.57
Narrative memory 101 +23 108+1.7 .109 140 0.34 10.4 + 2.3 10.0 + 2.3 237 617 0.17
Cued recall 50 (25-75) 50 (50-75)  .459 513 0.07 50 (25-50) 62.5 (50-75)  .026' 123 0.32
Word list inference
Working memory 104 + 2 15+19 011 019 0.56 10.4 + 2.0 104 + 2.0 913 .997 0
Word recall 116+26 11.1+24 399 478 0.19 111+ 25 119+ 27 A78 617 0.30
Sensorimotor domain
Imitating hand positions 89+24 105+16 .000" .000" 0.78 88 +24 91+24 .988 .997 0.12
Manual motor sequences 11.6 + 3 134+19 .000" .003" 0.71 10.7 £ 3.8 122+ 24 .285 617 0.50
Visuomotor precision
Time 50 (25-50) 50 (50-75)  .000" .000" 0.36 50 (25-56.25) 25 (25-50) .280 .556 0.15
Error 25(10-68.7) 25 (10-50)  .707 .746 0.03 50 (19.25-75)  25(10-56.2)  .547 .688 0.08
Social Perception domain ‘
Affect recognition 25 (5-50) 50 (25-50)  .030° .057 0.22 17.5 (4.25-56.25) 25 (8.75-50)  .580 .688 0.08
Theory of mind
Verbal task 10.6 + 2.8 12+22 007" 015° 0.55 10 + 2.6 109 + 3.0 .686 .823 0.31
Contextual task 98+26 113+19 001" .003" 0.65 9.1+24 102+26  .322 617 0.43
Visuospatial Processing domain
Block construction 104 +24 123+22 .000‘T .000" 0.82 93+19 111 +25 069 A14 0.78
Design copying 10 (5-25) 10 (10-25) .012' .029' 0.25 5(2-13.75) 10 (7.5-25) .013' 101 0.35
Motor 97+31 119+24 000" .000' 0.79 79432 108+25 004" 072 1.04
Global 25 (25-50) 25 (25-50)  .271 .343 0.11 25 (10-31.25) 25 (10-50) 106 402 0.23
Local 85+22 9542 .024' .033 0.47 75+24 9.1+19 .028' .252 0.76
Geometric puzzles 50 (25-50) 50 (25-75)  .344 .408 0.09 25 (21.5-50) 50 (43.7-75) 009" 101 0.37
Route finding 25(10-43.7)  25(25-50) .164 .251 0.14 25 (10-25) 25 (25-50) 016! 101 0.34
\ S

NEPSY-II-NL, Developmental Neuropsychological Assessment, second edition, Dutch version; WISC-/lI-NL, Wechsler Intelligence Scale for Children, third edition, Dutch version.
Between-group differences were explored using AN(C)OVA for standardized scores (mean + SD) and the Mann-Whitney U test for process scores, expressed as percentile (median and IQR).
d: Cohen d effect size, r: Mann-Whitney effect size.

P value reached statistical significance after correction for multiple testing is indicated in bold type.

*Adjusted P value according to the Benjamini-Hochberg false discovery rate.

tP<.01.

1P < .05.
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Memory and Learning, and Visuospatial Information Pro-
cessing domains, suggesting meaningful differences between
treatment groups.

Table IV presents CBCL-6/18 data for patients vs controls
and for the surgical repair group vs the transcatheter repair
group. Compared with healthy peers, parents of patients
reported more thought problems and posttraumatic stress
disorder (PTSD) symptoms in the DSM-oriented scales.
The parents of patients also rated their child’s school
performance significantly lower than the parents of
controls, leading to a higher percentage of patients
repeating a grade. No significant differences were found
between the surgical repair and transcatheter repair groups.
Both comparisons generated relatively small effect sizes.

SES was positively associated with a number of outcomes,
including full-scale estimated IQ (r = 0.536; n = 48; P <.000),
inhibition time (r = 0.377; n = 48; P < .01), comprehension of
instructions (r = 0.353; n = 48; P < .05), repetition of
nonsense words (r = 0.417; n = 46; P < .01), manual motor
sequences (r = 0.303; n = 48; P < .05), theory of mind—verbal
(r=0.349; n = 48; P < .05), and block construction (r = 0.378;
n = 48; P < .01). This demographic factor also was associated
with significant differences on the CBCL-6/18 for PTSD
symptoms (r = —0.279; n = 48; P < .05), need for special ed-
ucation (r = 0.285; n = 48; P < .05), and repeating a grade
(r=10.426; n = 48; P < .01).

ORIGINAL ARTICLES

Correlational analysis identified only 2 medical factors as
associated with suboptimal outcome measures in patients
compared with controls. Longer length of hospital stay and
larger defect size were correlated with lower performance in
at least 4 neuropsychologic scores. The former was signifi-
cantly associated with memory for faces delayed
(r = —0.328; n = 42; P < .05), manual motor sequences
(r = —0.286; n = 48; P < .05), block construction
(r=—0.303; n = 48; P < .05), and the total score of design
Copying (r,= —0.335;n = 47; P < .05), and its subtasks motor
score (r = —0.400; n = 47; P < .01) and local score
(r=-0.331;n=47; P <.05). Defect size was negatively corre-
lated with memory for faces delayed (r = —0.331; n = 42;
P < .05), the contextual part of the theory of mind task
(r = —0.381; n = 48; P < .01), design copying total score
(r¢ = —0.498; n = 47; P < .001), and its motor score
(r = —0.431; n = 47; P < .01). In the surgical repair group,
duration of extracorporeal circulation and level of hypother-
mia did not demonstrate any relevant associations with neu-
rocognition at follow-up.

Given the diverse nature of the neurocognitive impairments in
children with ASD-II, affected children are at risk for learning
problems and subsequent academic underachievement.

(Table IV. Behavioral functioning as measured by parental CBCL-6/18 responses W
Surgical Transcatheter
Patients, Controls, Effect repair group, repair group, Effect size,
Variables mean = SD mean = SD Pvalue size, d/r mean = SD mean = SD P value dir

Problem behavior scales
Withdrawn/depressed 54.4 + 5.7 53.6 &+ 5.4 .525 .06 539+ 6.4 547 + 5.4 469 10
Somatic complaints 55.3 £ 5.7 53.9 +£ 5.1 234 12 53.7+6 56.3 + 5.3 .053 .28
Anxious/depressed 543 £5.3 53.8 £ 5.4 .505 .06 54 +5.9 544 £ 5 .384 a2
Social problems 54 + 4.8 523+ 3 .068 18 54145 54 + 47 .962 0
Thought problems 56.3 +7.4 52.6 +3.8 .020* 23 536+ 6.4 58 +75 .083 .25
Attention problems 55.6 +7.6 524 + 2.6 .078 18 56.5 + 9.2 55+ 6.6 .526 .09
Rule-breaking behavior 52.7 +£ 3.7 52 + 3.7 519 .06 52 +2.9 53.1 + 41 31 14
Aggressive behavior 53.6 + 5.1 521+ 3.9 125 15 531 +5.9 53.8 + 4.6 497 10
Internalizing 51.5+9 49.5 4+ 8.7 .291 .22 4954+ 9.8 52.6 + 8.4 191 .33
Externalizing 47.5 +10.1 459 + 84 413 a7 46.1 +£10.3 48.3 +10.1 272 21
Total problem score 50 £+ 10.1 46.6 +7.7 .067 .37 48.8 + 10 50.7 +10.3 222 18

DSM clinical scales
Affective problems 552 +58 53.8 + 5.1 .209 12 54 +5 56 + 6.2 .251 .16
Anxiety problems 55.8 £ 6.4 53.7+5 .087 a7 53.8 £ 54 57 + 6.7 130 22
Somatic problems 55.2 +£6.3 544 +5.8 .466 .07 538 +7.3 56.1 + 5.6 .074 .25
Attention/hyperactivity problems 54.5 + 6.1 524 + 3.7 137 15 54.5 £ 6.1 54.4 + 6.1 918 .01
Oppositional defiant problems 53.5+49 521 +£3.2 445 .07 529 + 45 539+ 5.2 .567 .08
Conduct problems 527 £ 4.5 52 +4 .694 .04 524 £ 5 529 + 4.3 .378 12
Sluggish cognitive tempo 54.8 + 45 52.5+ 3.2 224 12 548 + 7.1 54.8 + 6.3 .838 .03
Obsessive/compulsive problems 55.8 +7.6 53.5+ 5.1 .366 .09 56.1 + 8.2 556 + 7.4 .858 .02
Posttraumatic stress problems 56.4 + 6.5 53 + 4.6 .019* .23 555 +7 56.9 + 6.2 .385 12

Competence scales
Activity 40.8 + 8.8 3894 8.6 .280 a1 379472 426 +9.2 114 .22
Social 50+79 499 + 6.7 .681 .04 48.7 + 6.6 50.8 + 8.7 220 a7
School 46.8 +9.2 50.8 + 5.3 .057 19 452 +10.7 477 + 84 A73 10

Special education, % Yes: 4.2;n0: 958 Yes: 0; no: 100  .495F Yes: 5.6; no: 94.4  Yes: 3.3;no: 96.7 1.0

Repeating a school year, % Yes: 16.7; no: 83.3  Yes: 0; no: 100 .0065'2T Yes: 22.2; no: 77.8 Yes: 13.3; no: 86.7 .692E2

School problems, % Yes: 31.3; no: 68.8 Yes: 8.3; no: 91.7 .005%"," Yes: 33.3; no: 66.7  Yes: 30; no: 70 .809%

Total competence 448 +9.4 442 +9.3 747 .06 425 4 8.4 46.1 +9.8 452 .39 )

\

Subscales: Mann-Whitney U test (with exact option); composite scales: AN(C)OVA. x? test (Fisher exact test £).

P value reached statistical significance after correction for multiple testing is indicated in bold type.

*P < .05.
1P < .01.
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Although patients with more complex cyanotic cardiopathol-
ogies often deal with unstable hemodynamics and metabolic
acidosis and require advanced surgical repair, studies
frequently report similar adverse neurodevelopmental out-
comes in acyanotic cohorts.””* Attentional shortcomings,
working memory problems, language deficits, adverse social-
ization behavior, and especially impaired motor functioning
and weak visuospatial skills have been identified in the explo-
ration of cognitive sequelae after (acyanotic) CHD
repair.””””?’ Larger defect size and longer hospital stay
were associated with poor neuropsychological outcome mea-
sures, particularly in the visuomotor and visuospatial domain.
The former may reflect the progressive nature of the left-to-
right shunt on the central nervous system, extending until car-
diac repair. The latter factor has been associated with lower
functional and developmental outcomes in other CHD co-
horts.”** It should be noted that normal hospital stay for chil-
dren treated surgically for an ASD-II is 4-5 days. It is possible
that the children in our cohort had to cope with more postop-
erative problems, prolonging their hospital stay.

Even though transcatheter closure of ASD-II is favored
over surgical closure because of the shorter hospital stay
and lower postprocedural complication rates,”” we found
almost no differences in neuropsychologic outcomes related
to treatment method.

Studies exploring the possible detrimental effects of sur-
gical closure of ASD-II on neurodevelopment have yet to
provide complete answers. Visconti et al’ showed that, af-
ter adjusting for parental IQ, surgical closure of ASD-II
was associated with a 9.5-point deficit in full-scale 1Q
and visuospatial problems, whereas a group that under-
went transcatheter repair had more attentional problems
and impulsivity. Our surgical repair group’s performance
on visuospatial information processing tasks is comparable
with those findings, although we found no significant dif-
ference in attention scores between our 2 treatment
groups. Stavinoha et al*® evaluated the neuropsychological
outcomes of 18 children undergoing surgical repair of
ASD. They compared preoperative and postoperative
cognitive outcomes, but failed to demonstrate a clear effect
of the duration of cardipulmonary bypass on neuropsy-
chologic status within 6 months after corrective surgical
repair. Outcome scores were within normal ranges but
clearly below expected norms for all cognitive functions
evaluated.

Quatermain et al’’ prospectively assessed neuropsycho-
logic domains in children with acyanotic CHD before and af-
ter surgical repair. Outcome scores were within normal
ranges, although individual variability in scores was com-
mon. The authors concluded that a mild cognitive decline
seen after intervention for acyanotic CHD is not necessarily
attributable to the use of cardiopulmonary bypass. The pop-
ulation in this study underwent corrective repair at older ages
and thus possibly had less urgent conditions compared with
our cohort. It is possible that the subtle cognitive effects of
corrective repair at a young age may become apparent
many years after medical interventions for acyanotic CHD.
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The correlations between SES and numerous cognitive
outcomes in our patient cohort is in line with those re-
ported in previous studies,””"” indicating that the environ-
ment in which these children are raised can serve as a
protective factor against adverse neuropsychologic devel-
opment.

Compared with parents of healthy controls, parents of pa-
tients reported more thought problems and higher scores on
the PTSD DSM scale. The thought problems scale encom-
passes such items as compulsions and obsessions, as well as
fears and psychotic behavior. The DSM-derived PTSD scale
reflects symptomatology that adheres to the clinical classifi-
cation of PTSD in individuals with acyanotic CHD. These
findings apparently agree with those of previous studies in
children with CHD,” " confirming the prevalence of internal-
izing behavior problems. Internalizing behavior problems
can lead to increased risk for depression, anxiety, and social
withdrawal. Behavioral problems can put additional strain
in the lives of children treated for ASD-II that may persist
and affect peer relationships and ultimately the quality of
adult life.”®

Hospitalization can be a great stressor for both children'”
and their parents.”” Parental style and family dynamics are
nonnegligible factors in long-term cognitive and social
development. High levels of stress in the parent—child rela-
tionship have been found to affect cognitive skills and so-
cialization behavior in children,’ in line with our present
findings. Whether these results reflect actual PTSD prob-
lems in the child rather than parent-induced stress and anx-
iety after diagnosis, intervention, and hospitalization is
unclear. In our patient cohort, lower SES was correlated
with high rates of the need for special education, repeating
a grade, and PTSD symptoms. These families’ coping stra-
tegies may be less well developed, also affecting the child’s
neurobehavioral development. Consequently, parents may
be less inclined to notice cognitive or behavioral difficulties
in their children and to seek professional help. Schreier
et al”” described the interaction of family dynamics after pe-
diatric hospitalization, with parents displaying PTSD symp-
toms correlating with child-reported symptoms. Family
expressiveness was identified as an efficient coping
strategy.29

A large body of literature addresses the neuropsycholog-
ical outcomes of children with CHD at a very young age,
when myelination of neurologic structures is incomplete
and higher neurocognitive functions have yet to mature.
The subtle effects of hospitalization-, anesthesia-, and
procedure-related factors may become apparent only
many years after surgery and are difficult to detect and
quantify during early childhood. In addition, the idea
that induction of anesthesia at a young age to improve
the tolerance of surgical procedures is detrimental to neu-
rodevelopment is under consideration. Information on the
neurotoxicity of anesthetic agents and their influence on
the young brain is accumulating. Neurologic structures
mature at different rates, and it can be assumed that the
vulnerable period of the young brain extends well past
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the first 2 years of life.”” This may eventually affect the
plasticity of the developing brain and contribute to
adverse long-term cognitive outcomes in children with
CHD.

The growing into deficit hypothesis’' can serve to clarify
the chain of events. Children at risk for central nervous sys-
tem injury due to a medical condition can function
adequately at young school age but are hindered when aca-
demic demands begin to tap cognitive functions that were
neurologically susceptible to injury and thus suboptimal
from the start. This also implies that assessment of neurocog-
nitive functions in very young children may have limited pre-
dictive value for later cognitive performance and academic
achievement. The effects of the heart lesion, hospitalization,
and interventional procedures on the developing brain all
likely contribute to the course of events producing adverse
neurodevelopmental outcomes at school age.

Limitations of the present study include possible selection
bias and the lack of preoperative screening. We cannot ascer-
tain whether the children in the patients group had neurocog-
nitive difficulties before treatment, recognizing that the
reliability and validity of assessment increase with age. Before
age 6 years, it is particularly difficult to accurately evaluate a
child’s cognitive abilities. In addition, obtaining a uniform
perspective on the neuropsychologic profiles of children
with CHD has proven difficult. Numerous studies focus on
different diagnoses and specific interventions, study divergent
age ranges, and use various screening instruments that may
measure different aspects of neurocognitive domains. This
limits the comparability and generalizability of results and is
the main factor in the conflicting findings obtained from
this type of research. Marino et al’* published formal guide-
lines for screening children with CHD at risk for develop-
mental disorders, taking protective factors, such as family
and environment, into account. In this way, consistency in
developmental follow-up across time can be improved. More-
over, it remains a challenge to find a suitable control group for
children with CHD that is comparable in the most important
aspects related to this condition, from the psychological and
physical distress of hospitalization and surgery to central ner-
vous system risk factors that put these children at risk for hy-
poperfusion of vital organs, including the developing brain.
Our use of 2 clinical groups in this study partially addresses
this issue, given that these children were diagnosed with the
same cardiac pathology but underwent different treatments
depending on defect size and location. Despite the small sam-
ple size and restricted generalizability owing to the study’s
retrospective nature, our results are in line with previous find-
ings in this clinical group.

It is important to enhance knowledge and awareness
among clinicians concerning long-term neurocognitive con-
sequences following a diagnosis of CHD, and also to consider
parental reports of the child’s neurobehavioral functioning in
school during the follow-up visits after intervention. Appro-
priate referral to a neuropsychologist and guidance for par-
ents then can be realized when applicable. Future research
should address the differential influence of patient-specific
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and medical factors that put these children at risk and include
pretreatment neurologic examinations. =

Submitted for publication Apr 2, 2014; last revision received Jun 19, 2014;
accepted Aug 20, 2014.

Reprint requests: lemke Sarrechia, MSc Psych, Department of Experimental
Psychology, Ghent University, Henri Dunantlaan 2, B-9000 Ghent, Belgium.
E-mail: iemke.sarrechia@ugent.be

References

1. Kazmouz S, Kenny D, Cao QL, Kavinsky CJ, Hijazi ZM. Transcatheter
closure of secundum atrial septal defects. ] Invasive Cardiol 2013;25:
257-64.

2. Yang LL, Liu ML, Townes BD. Neuropsychological and behavioral status
of Chinese children with acyanotic congenital heart disease. Int ] Neuro-
sci 1994;74:109-15.

3. Visconti KJ, Bichell DP, Jonas RA, Newburger JW, Bellinger DC.
Developmental outcome after surgical versus interventional closure
of secundum atrial septal defect in children. Circulation 1999;100:
145-50.

4. McCusker CG, Doherty NN, Molloy B, Casey F, Rooney N,
Mulholland C, et al. Determinants of neuropsychological and behaviou-
ral outcomes in early childhood survivors of congenital heart disease.
Arch Dis Child 2007;92:137-41.

5. Majnemer A, Limperopoulos C, Shevell M, Rohlicek C, Rosenblatt B,
Tchervenkov C. Developmental and functional outcomes at school entry
in children with congenital heart defects. ] Pediatr 2008;153:55-60.

6. Hovels-Gurich HH, Konrad K, Skorzenski D, Minkenberg R, Herpertz-
Dahlmann B, Messmer BJ, et al. Long-term behavior and quality of life
after corrective cardiac surgery in infancy for tetralogy of Fallot or ven-
tricular septal defect. Pediatr Cardiol 2007;28:346-54.

7. Majnemer A, Limperopoulos C, Shevell M, Rosenblatt B, Rohlicek C,
Tchervenkov C. Long-term neuromotor outcome at school entry of in-
fants with congenital heart defects requiring open-heart surgery. J Pe-
diatr 2006;148:72-7.

8. Limperopoulos C, Majnemer A, Shevell MI, Rohlicek C, Rosenblatt B,
Tchervenkov C, et al. Predictors of developmental disabilities after
open heart surgery in young children with congenital heart defects. J Pe-
diatr 2002;141:51-8.

9. Sarrechia I, Miatton M, De Wolf D, Francois K, Vingerhoets G. Neuro-
behavioural functioning in school-aged children with a corrected septal
heart defect. Acta Cardiol 2013;68:23-30.

10. Massaro AN, El-dib M, Glass P, Aly H. Factors associated with adverse
neurodevelopmental outcomes in infants with congenital heart disease.
Brain Dev 2008;30:437-46.

11. Tabbutt S, Gaynor JW, Newburger JW. Neurodevelopmental outcomes
after congenital heart surgery and strategies for improvement. Curr Opin
Cardiol 2012;27:82-91.

12. Lerwick JL. Psychosocial implications of pediatric surgical hospitaliza-
tion. Semin Pediatr Surg 2013;22:129-33.

13. Forbess JM, Visconti KJ, Bellinger DC, Howe RJ, Jonas RA. Neurodeve-
lopmental outcomes after biventricular repair of congenital heart de-
fects. ] Thorac Cardiovasc Surg 2002;123:631-9.

14. Wray J. Intellectual development of infants, children and adolescents
with congenital heart disease. Dev Sci 2006;9:368-78.

15. Pac A, Polat TB, Cetin I, Oflaz MB, Balli S. Figulla ASD occluder versus
Amplatzer septal occluder: a comparative study on validation of a novel
device for percutaneous closure of atrial septal defects. J Interv Cardiol
2009;22:489-95.

16. Hollingshead, AB. Four Factor Index of Social Status. New Haven, CT:
Yale University, Department of Sociology; 1975.

17. World Medical Association Declaration of Helsinki. Recommendations
guiding physicians in biomedical research involving human subjects.
Cardiovasc Res 1997;35:2-3.

18. Grégoire J. L’évaluation clinique de I'intelligence de I'enfant: théorie et
pratique du WISC-III. Sprimont, Belgium: Mardaga; 2000.

Neurodevelopment and Behavior after Transcatheter versus Surgical Closure of Secundum Type Atrial Septal Defect 7


mailto:iemke.sarrechia@ugent.be
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref1
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref1
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref1
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref2
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref2
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref2
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref3
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref3
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref3
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref3
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref4
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref4
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref4
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref4
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref5
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref5
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref5
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref6
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref6
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref6
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref6
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref7
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref7
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref7
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref7
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref8
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref8
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref8
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref8
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref9
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref9
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref9
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref10
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref10
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref10
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref11
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref11
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref11
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref12
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref12
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref13
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref13
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref13
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref14
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref14
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref15
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref15
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref15
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref15
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref16
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref16
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref16
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref17
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref17
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref17
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref17
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref17

THE JOURNAL OF PEDIATRICS « www.jpeds.com

Vol. B, No. &

19.

20.

21.

22.

23.

24.

25.

Korkman M, Kirk U, Kemp S. NEPSY-II: a developmental neuropsycho-
logical assessment. San Antonio (TX): The Psychological Corporation;
2007.

Achenbach TM, Rescorla LA. Manual for the ASEBA school-age forms
and profiles. Burlington (VT): University of Vermont, Research Center
for Children, Youth, and Families; 2001.

Benjamini Y, Hochberg Y. Controlling the false discovery rate: a practical
and powerful approach to multiple testing. J R Stat Soc B 1995;57:289-300.
Miatton M, De Wolf D, Francois K, Thiery E, Vingerhoets G. Neuropsy-
chological performance in school-aged children with surgically corrected
congenital heart disease. ] Pediatr 2007;151:73-8.

Hovels-Gurich HH, Konrad K, Skorzenski D, Herpertz-Dahlmann B,
Messmer BJ, Seghaye MC. Attentional dysfunction in children after
corrective cardiac surgery in infancy. Ann Thorac Surg 2007;83:
1425-30.

Newburger JW, Wypij D, Bellinger DC, du Plessis AJ, Kuban KCK,
Rappaport LA, et al. Length of stay after infant heart surgery is related
to cognitive outcome at age 8 years. ] Pediatr 2003;143:67-73.

Butera G, Biondi-Zoccai G, Sangiorgi G, Abella R, Giamberti A,
Bussadori C, et al. Percutaneous versus surgical closure of secundum
atrial septal defects: a systematic review and meta-analysis of currently
available clinical evidence. Eurointervention 2011;7:377-85.

26.

27.

28.

29.

30.

31.

32.

Stavinoha PL, Fixler DE, Mahony L. Cardiopulmonary bypass to repair
an atrial septal defect does not affect cognitive function in children. Cir-
culation 2003;107:2722-5.

Quartermain MD, Ittenbach RF, Flynn TB, Gaynor JW, Zhang X,
Licht DJ, et al. Neuropsychological status in children after repair of acya-
notic congenital heart disease. Pediatrics 2010;126:e351-9.

Ternestedt BM, Wall K, Oddsson H, Riesenfeld T, Groth I, Schollin J.
Quality of life 20 and 30 years after surgery in patients operated on for
tetralogy of Fallot and for atrial septal defect. Pediatr Cardiol 2001;22:
128-32.

Schreier H, Ladakakos C, Morabito D, Chapman L, Knudson MM. Post-
traumatic stress symptoms in children after mild to moderate pediatric
trauma: a longitudinal examination of symptom prevalence, correlates,
and parent-child symptom reporting. ] Trauma 2005;58:353-63.
Stratmann G. Neurotoxicity of anesthetic drugs in the developing brain.
Anesth Analg 2011;113:1170-9.

Vles JSH. Growing into deficit. Maastricht University, Maastricht, The
Netherlands; 2000.

Marino BS, Lipkin PH, Newburger JW, Peacock G, Gerdes M, Gaynor JW,
etal. Neurodevelopmental outcomes in children with congenital heart dis-
ease: evaluation and management. A scientific statement from the Amer-
ican Heart Association. Circulation 2012;126:1143-72.

Sarrechia et al


http://refhub.elsevier.com/S0022-3476(14)00786-0/sref18
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref18
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref18
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref19
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref19
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref19
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref20
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref20
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref21
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref21
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref21
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref22
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref22
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref22
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref22
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref23
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref23
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref23
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref24
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref24
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref24
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref24
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref25
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref25
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref25
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref26
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref26
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref26
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref27
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref27
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref27
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref27
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref28
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref28
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref28
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref28
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref29
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref29
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref30
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref30
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref31
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref31
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref31
http://refhub.elsevier.com/S0022-3476(14)00786-0/sref31

W 2014

ORIGINAL ARTICLES

[ Table 1. Selected NEPSY-II-NL tasks*’

NEPSY-II-NL domain and subtask

Ability assessed

Auditory Attention and Executive Functioning
Auditory attention and response
Design fluency
Inhibition

Language
Comprehension of instructions
Repetition of nonsense words
Speeded naming
Word generation

Memory and Learning
Memory for faces

Memory for names
Narrative memory
Word list inference
Sensorimotor
Imitating hand positions
Manual motor sequences
Visuomotor precision
Social Perception
Affect recognition
Theory of mind
Visuospatial Processing
Block construction
Design copying
Geometric puzzles
Route finding

\

Selective auditory attention; vigilance; shifting; inhibition
Planning; problem solving skills
Shift and maintenance of new visual set; inhibition

Receiving, processing, and executing oral instructions
Phonologic encoding and decoding

Rapid semantic access and production of names
Verbal productivity

Encoding of facial features; immediate and long-term memory
for faces

Name learning; short recall and long-term memory for names

Encoding of story details; free and cued recall

Verbal working memory; repetition and recall after inference

Visuospatial analysis and motor programming
Imitation of rhythmic manual movement sequences
Graphomotor speed; accuracy

Recognize and compare emotional affect
Ability to understand mental functions and another’s viewpoint

Ability to reproduce 3-dimensional from 2-dimensional drawings
Motor and visuoperceptual skills in copying 2-dimensional designs
Visuospatial analysis; mental rotation

Visuospatial relations; directionality

NEPSY-II-NL, Developmental Neuropsychological Assessment, second edition, Dutch version.
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