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ABSTRACT

Objective

A cross-sectional study assessed cognitive function in a sample of Adult Congenital Heart
Disease patients, within the Functioning in Adult Congenital Heart Disease study London. The
association between cognitive functioning and disease complexity was examined.

Methods

Three hundred and ten patients participated. Patients were classified into four structural
complexity groups (Tetralogy of Fallot, Transposition of the Great Arteries, Single Ventricle and
Simple conditions). Each participant underwent neuropsychological assessment to evaluate
cognitive function (memory, executive function) and completed questionnaires to assess
depression and anxiety.

Results

Forty one percent of the sample showed impaired performance (>1.5 SD below the normative
mean) on at least 3 tests of cognitive function compared to established normative data. This was
higher than the 8% that would be expected in a normal population. The sample exhibited
significant deficits in divided attention, motor function and executive functioning. There was a
significant group differencm divided attention (F=5.01, p=.002) and mean total composite score
(F=5.19, p=.002) between different structural complexity groups with the Simple group
displaying better cognitive function.

Conclusion

The results indicate that many Adult Congenital Heart Disease patients display impaired
cognitive function relative to a healthy population, which differs in reldbatisease

complexity. These findings may have implications for clinical decision making in this group of

patients during childhoodossible mechanisms underlying these deficits and how they may be



reduced or prevented are discussed; however further work is needed to draw conclusive

judgments.

INTRODUCTION

Recent advances in medical and surgical techniques have sighifidaanged the outlook for

patients with congenital heart disease, giving rise to a new group of patients: Adults with
Congenital Heart Disease. Until recently, approximately 50% of these patients wol&eo

survived through childhood but a large proportion can now be expected to survive into adulthood
(85%)? In the UK an estimated 1,600 Congenital Heart Disease patients reaching 16 years of age
are referred for follow-up care in adult services each §dasimilar rise has also been reported

in Canada’

The steady rise in the number of survivors with Congenital Heart Disease has shifted atention
the long-term impact of the condition for this new patient population. Interest is moving away
from mortality to long-term psychosocial outcomes such as quality of life, social functioning and

wellbeing?

One potential difficully affecting this patient groug impairment of cognitive function. Existing
literature indicates a relationship between Congenital Heart Disease, its related treatments and
patients cognitive functioning. However this research has largely focused on child cofibes.
impact of Congenital Heart Disease on cognition in adults is relatively understudied despite

recent research suggesting cognitive impairment persists into adole$cence.

The primary focus of research on cognitive functioning has been on the assessment of 1Q in both
child and adult patients. A recent meta-analysis suggested that IQ was adversely affected in
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children with complex heart defects but remained within the normal range in those with simpler
forms of Congenital Heart DiseaS&he limited adult literature suggests that 1Q is relatively
unaffected in Adult Congenital Heart Disedsko date only one study has regattower 1Q in

Adult Congenital Heart Disease patients in comparison to a normal whijte informative,

the assessment of IQ alone does not provide a comprehensive and clear understanding of
cognitive function, as it fails to capture performance in specific domains of cognition, such as

memory, executive functioning, verbal fluency and attention.

Preliminary research in child cohorts has reported cognitive deficits across a range of domains, in
particular language, psychomotor functioning, visuo-spatial skills, attention and m&Mdnya

review of the literature we identified only 5 studies that exachoognition in Adult Congenital

Heart Disease (two on the same cohdtt}?*° of which only one study tested cognitive domains
beyond IQ. These patients exhibited significant impairment of executive function and marginal
memory, attention and learning deficits suggesting that patients may have difficulty with

planning, dealing with novel situations, learning and recalling new information and remaining
focused on a task. Howeverjdisample was restricted to Tetralogy of Fallot and henesruut

provide an understanding of the cognitive problemdifferent forms of Adult Congenital Heart

Diseas€.

The literature is further limited by the inclusion of heterogeneous patient samples in many
studies. The varying complexity, treatment regimens and associated complications seen across
congenital heart conditions is likely to differentially impact upon cognition. Greater cognitive
impairment may be expected in cyanotic conditionstduecreased risk of cerebral hypoxfa.
Similarly patients with more complex forms of Congenital Heart Disease and those requiring
multiple surgical interventions may be at increased risk of cognitive impairment. Research has
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suggested that micro emboli entering cerebral blood flow during cardiopulmonary bypass may
cause infarcts resulting in cerebral injury and consequent cognitive impaifn@mouping
patients with diverse forms of Adult Congenital Heart Disease may mask the true nature of the

relationship between Adult Congenital Heart Disease and cognitive impairment.

This study asseed cognitive function in a group of Adult Congenital Heart Disease patients
from different structural complexity groups with varying levels of morphological complexity, on
a wide range of domains of cognitive function. The study aimed to (a) assess the level of
cognitive functioning in Adult Congenital Heart Disease patients in comparison to age-matched
norms and (b) investigate differences in cognitive function between different Adult Congenital

Heart Disease structural complexity groups.

METHODS

Participants

Participants were recruited from the Grown Up Congenital Heart Unit at the Heart Hospital,
University College Hospital, London, UK. Inclusion criteria were: (@ X6 years or over, (b)
diagnoss of Congenital Heart Disease, (c) fluent in English. Exclusion criteria included (a)
presence of chromosomal anomalies: Trisomy-21 (Downs Syndrome), 22glldeletion (Di George
syndrome), (b) history of stroke,)(gresence of mental retardation and learning difficultigs, (d
Patent Foramen Ovale without any other structural anomaly, (e) physically disabled (unable to
undergo exercise testing and/or neuropsychological assessmeé(f)) presence of sensory loss

or communication difficulty sufficient to interfere with the assessment.

Patient classification



Patients were classified into four groups based on the morphological complexity of the congenital
heart condition: i) Tetralogy of Fallot diagnosis, pulmonary atresia, major aortopulmonary
collateral arteries, pulmonary valve replacement), ii) Transposition of the Great Arteries
diagnosis, atrial switch operation),)iibingle Ventricle (Single Ventricle physiology, Fontan
repair operation) and iv) Simple (atrial septal defect, ventricular septal defect, coarctation of the
aorta (including re-coarctation). Groupdiii-represent cyanotic, and group iv acyanotic,
conditions. A sample size calculation indicated that for a four-group study to detect significant
group difference on cognitive functioning, 280 participants were required to attain 80% power to

detect a small-medium effect size, at the 0.05 significance level.

Procedure

A purposive sample of patients was recruited into the four structural complexity groups from
patient databases and outpatient clinic lists. From an estimated 5000 patients 1199 were assessed
for eligibility, 708 patients who met the inclusion criteria were invited. Eligible patients were

invited by letter. Two-hundred and seventy three (38.6%) patients declined the invitation, 81
(11.4%) did not respond and 29 (4.1%) withdrew. The final sample included 310 patiers (43.8

of those invited). Written informed consent was obtained from all patients following the

provision of information sheets and the opportunity to ask questions (Ethics ref: 08/H0715/105).

All the assessments were conducted in a suitable private room by a trained researcher.

MEASURES

Neuropsychological assessments

A comprehensive range of neuropsychological tests were utilized to assess several cognitive
domains; including memory, attention, executive function and verbal fluSeeyTable L The
3-subtests short-form measure of 1Q (Wechsler Adult Intelligence Scale- WAIS-I1l) was scored
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to produce an estimated full scale 1Q (FSIQ-EST) which was derived using a formula by

Tellegen and Briggs (196%.

M easur es of M ood

Mood was assessed to examine whether it influenced cognitive performance.

The Positive and Negative Affect Scale (PANAS)
PANAS is a 20-item self-report measure of positive (e.g. proud, alert, and inspired) and negative
affect (e.g. upset, guilty, scared). Both subscales have shown good reliability: PA (alpha=0.89)

and NA (alpha=0.85). Higher scores on each subscale indicate stronget’affect.

Centre for Epidemiological studies Short Depression Scale (CESD-10)

The CESD-10s a self-report measure of depressive symptomology over the previous Tesek

items are rated oa 4 point scale ranging from “0= rarely/none of the time” to “3= All of the

time”. Higher scores indicate greater depression. The CESD-10 has demonstrated satisfactory

internal consistency(r= 0.84) and test-retest reliability(r=0*71).

State Trait Anxiety Inventory (STAI)
The 6-item version of STAI was used to assess state anxiety associated with a medical condition.

Higher scores indicate greater anxiety. The scale has shown good internal consistenty (0.82).

Statistical analysis Data analysis was conducted using IBM SPSS, (version 21). Data was tested
for the assumptions of normality; preliminary analysis indicated a non-normal distribution of the

neuropsychological data. Square root and logarithmic transformations did not improve the data
distribution. The overall level of missing data was <5%; to address this and obtain a complete
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data set, a single imputation modehsrxconducted using predictive mean matching (PMM)-

further details of missing levels and imputation available from authors.

The data (raw scores) were transformed into standardized scores (z-scores). The z-scores were
derived using the Standard Deviation (SD) from age-matched normative data for each test,
according to the scoring recommendations for each test (e.g. scoring maresls) (S
supplementary filg which was then used to compare the performance of the patient group with
that of a healthy population. Taking account of the direction of poorer performance (lower
number correct in memory tests, slower performance in timed tests) patient performance of 1.5
Standard Deviationél.5 SD) or greater in the direction of poorer functioning than that of the
normative group was used as an indicator of the presence of cognitive difficulty in the particular
test. 1 SD, 1.5 SD and 2 SD are commonly used cut-off criteria in the neuropsychological
literaturé®. Use of 1 SD is likely to identify false-positives whilst the stringent 2 SD criteria may
increase the number of false negatives. The 1.5 SD criterion was selected as an attempt to
balance the Type | and Type Il errdrFurthermore, this criterion is utilized in the diagnosis of
Mild Cognitive Impairment. For ease of interpretation poor performance will be described as

1.5 SD below the mean irrespective of the actual direction of scoring.

Ingraham and Aikell provide useful data on determining criteria for impairment in multiple test
batteries. On a single test 7% of a population would be expected to score 1.5 SD below the mean
by chanc®. In a battery of 15 tests (the present study yielded 15 scores from 8
neuropsychological tests) 66% of a normal population would be expected to score 1.5 SD below
the manscore on one test and 8% of a normal population would be expected to score 1.5 SD

below the mean score on three tests.



A total mean composite z score was computed from all neuropsychological test z-scores to
provide a single measure of neuropsychological function. Group differences were tested on
demographic and clinical variables using Chi-square tests, Man-Whitney U or Kruskal-Wallis
tests where appropriate (two-tailed significance levels reported). Analysis of Covariaace w
used to assess differences in cognitive test scores (z scores) between the structural complexity
groups, while controlling for covariates educational attainment and mood as these are factors

known to influence cognition.

RESULTS

Sample characteristics

Of the 314 patrticipants 4 did not provide complete neuropsychological data and were excluded
from further analysis. Participants had a mean age of 33.3 years (SD 10.7Yawergomale.
Demographic and clinical characteristics of the sample are presef@dién2 The Single

Ventricle group was significantly younger than all other structural complexity groups
(Transposition of the Great Arteries=1845, p=003 Tetralogy of Fallo=1770, p<.001,

Simple U=1714, p<.001).

As expected clinical variables diffst between patient groups. The Transposition of the Great
Arteries group were significantly younger at age of first repair than the Tetralogy of Fallot,
Single Ventricle and Simple groups (U=1066.0, p<.@04157.5, p<.001U=1423.5, p<.001
respectively). Tetralogy of Fallot patients were significantly younger at age of first repair than
Single Ventricle patients (U=1142.5, p<.00h)addition Simple patients had significantly fewer

interventions than Tetralogy of Fallot (U=1768.0, p<.001), Transposition of the Great Arteries
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(U=1311.0, p<.001) and Single Ventricle patients (U=907.0, p<.001). Single Ventricle patients
had a greater number of interventions than Tetralogy of Fallot (U=1944.0, p=.005) and
Transposition of the Great Arteries patients 2U81.5, p=.03% Time since last operation was
significantly longer in Transposition of the Great Arteries patients than Single Ventricle patients

(U=1577.5, p<.001).

Cognitivefunction in Adult Congenital Heart Disease compar ed to general population

norms

Cognitive performance of the Adult Congenital Heart Disease sample in comparison to age-
matched normative populations was assessed using z-scores calculated using the mean and the
standard deviations of the normative data. Nearly three quarters |f.89% sample performed
1.5SD below the mean of the normative data on at least one test, higher than the 66% expected
in a normal population using a battery of 15 tests; i.e. only 5.3% greater than expected. 41% of
the sample scored at least 1.5 SD below the normative mean on 3 or more tests, which was
significantly greater than thé/Bexpected in the normal populati8he number of domains

affected ranged from 1-13.

Compared to normative data, The the gr&taieoportion majority of patients showed deficits in
executive function (problem solving) (21.3% to 25.2%), divided attention (20.3%-23.9%), verbal
fluency (22.3%) and fine motor function (20.6% -27.4%). Deficits were seen in WCST scores,
which primarily assess executive function, with the exception of the WCST failure to maintain
score which is dependent on working memory and attention rather than problem solving skills.

This result is consistent with the lack of memory deficits seen on the Rey Auditory Verbal
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Learning Test. Twenty four percent of the sample had an IQ score at least 1 SD below the

normative mean of 100 (i.e. scored <85).

Structural complexity group differencesin cognitive functioning

The percentage of patients in each group scorin&D.below the normative mean on at least

one or three neuropsychological test scores is shown in Table 3. The Simple group showed the
lowest levels of impairment with only 26.2% demonstrating impairment on three or more tests.
The Simple group showed significantly less deficits compared to TGA on three or more tests
(P<0.05). All other comparisons were non-significant. All groups showed greater frequency of
impairment than would be expected to occur in a normal popuf&t@werall mean
neuropsychological performance using a composite z score (norm adjusted standardised scores)
indicated the highest performance (-1.004) occurred in the Simple group while the Transposition

of the Great Arteries group had the poorest performance ({84®& Figure 1).

Analysis of covariance asused to investigate between group differences in overall
neuropsychological performance with years of education and mood as covariates. Age was
controlled for using age corrected normative scores. A significance level of p<0.01 was used to

allow for multiple comparisons.

Analysis of covariance revealed a group difference in composite neuropsychological test scores
(Group: F (1,303)=3.992, p=.002, partial n°p =.038 Education: F= (1,303)= 33.29, p=.000,

partial 132p =.099 Positive affectF (1,303)= 8.68, p=.003, partial n°p =.028§. Post hoc (Sidak)

tests indicated a significant difference between the Simple and Transposition of the Great

Arteries group (Adj Mean: -5.9694, SE= 1.305 , p=.008).
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Table 4 shows the proportion of patients within each structural complexity group showing
impaired performance on the neuropsychological tests (>1.5 SD below the mean). See table 5 for
2 SD cut-off indicating more extreme deficiencies. Both are higher than expected by chance
compared to normative data.

Analysis of covariance asused to explore between group differences in cognitive performance

on each neuropsychological test. One neuropsychological function significantly differed between
groups: divided attention (Trail Making Test -B) (Group=5.01, p=.002y?=.047, Education:

F=5.54, p=.019y=.018, Positive affectF=9.97, p=.002y*=.032). Post-hoc tests (Sidak)

revealed that the Simple group performed significantly better than the Tetralogy of Fallot (Ad]

Mean =.958, SE=.180, p=.009) and Single Ventricle (Adj Mean =.147, SE=.177, p=.007).

Borderline significant differences were found in response inhibition (Stroop-Word test) (Group:
F=3.56, p=.015y” =.034), executive functioning (WCST-No of categories) (Groag 3.49, P
=.016,1* =.033) and motor function and dexterity (Grooved Pegboard) (Gr6a.30, p = .021,

n*=.032).

IQ scores

Results indicated that the mean scores for all four groups were within the ‘average’ IQ category
as classified by Wechsler (1Q= 90-108p significant difference was seen between group 1Q
scores after controlling for education and mood (Gréufi:04, p=.375). Visual inspection of

the data suggested the Simple group atthihe highest IQ (mean=100.4), followed by Single
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Ventricle (mean =96.6), Transposition of the Great Arteries (mean =95.2) and lastly Tetralogy of

Fallot (mean =95.04). Group: F=(3,299)=1.04, p = .3{75;.001.

DISCUSSION

The persistence of cognitive deficits into adulthood as a result of Congenital Heart Disease and
its associated treatments was examined in this study. The cognitive function of Adult Congenital
Heart Disease patients was compared to age-matched population norms, and differences in

cognitive function between structural complexity groups assessed.

The results indicated that a considerable proportion of Adult Congenital Heart Disease patients
had cognitive abilities below that of age-matched healthy adults in a range of domains of
cognitive functioning including executive function, divided attention and fine motor function.
These findings suggest Adult Congenital Heart Disease patients may have difficulty attending to
multiple tasks, dealing with novel and complex situations and performing fine motor tasks. A
considerable number of patients displayed deficits in multiple domains. Almost a quarter of the
sample showed deficits in IQ suggesting a generalized effect of congenital heart disease on

cognition. However, in line with previous research, memory was found to be largely unatfected.

As expected, investigation of structural complexity group differences indicated that patients in
the ‘Simple’ group had better cognitive function than other groups. This indicates that the more
morphologically complex the disease is, the greater the possibility of experiencing cognitive
deficits. A possible explanation of this pattern is the inherent risk involved with having a severe
form of congenital heart disease, including an increased risk for congenital brain andalies.
Patients with severe heart conditions also have an increased risk of cognitive deficits due to
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frequent surger, particularly high-risk surgical interventions such as cardio-pulmonary bypass,
pre- and postoperative poor cerebral perfusion, and sefZitesfindings of the present study
are consistent with a meta-analysis reporting patients with more severe forms of congenital heart

disease having poorer levels of cognitive functioning than those with less severé forms.

The general cognitive assessment®flid not show statistically significant differences between
patient groups. This finding, in contrast to the assessment of specific domains of cognition,

emphasizes the limitations of generalized measures of cognitive function such as IQ.

Executive function and other so called ‘higher-order’ cognitive skills were the most impaired

domain within our sample. Deficits of this nature have the potential to impact on educational
attainment and employment prospé€turthermore they may cause difficulties for patients
during their daily lives when conducting instrumental activities of daily living such as managing

finances and problem solving.

LIMITATIONS

While the current study is one of the largest and firgisdiind to explore cognitive functioning

in Adult Congenital Heart Disease patients across a range of cognitive domains and levels of
disease complexity several limitations must be considered. The sample included the major Adult
Congenital Heart Disease structural complexity groupings however it does not encompass all
forms of Adult Congenital Heart Disease, and generalizalmslitystricted to the conditions

included in the study. Although a broad range of cognitive domains were assessed in the study
practicalities, including participant fatigue and time constraints, limited inclusion of a greater
range of assessments. A broader range of memory abilities and visuo-spatial skills could be
explored in future studies. Cognitive performance within the sample was compared against
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normative data corrected for age. While this givesod indication of the sample’s performance
against a healthy population the inclusion of an age matched health control group may have

further strengthened the study design.

The present study highlights the significant extent of cognitive dysfunction present in patients
with Adult Congenital Heart Disease compared to established normative data. Further work is
now needed to identify the underlying mechanisms that can explain the specific causes of these
deficits, and inform tools and interventions to evaluate and address potential deficits within
clinical practice. Investigations into the long-term stability of these deficits will further inform
clinicians and health care practitioners to be able to identify vulnerable groups and offer

appropriate ongoing support and care.

IMPLICATIONS

This paper reports one of the first studies to include a large sample of Adult Congenital Heart
Disease patients and assesses a wide range of cognitive domains as opposed to a composite
measure of cognitive functioning. It is hoped that this may enable clinicians to identify and
intervene with patients at an increased risk of cognitive deficits, and enable provision of

additional developmental support where appropriate.
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Table 1 Summary of neuropsychological assessments

Testsutilized Major cognitive Definition of cognitive function
function assessed assessed

Controlled Oral Word Verbal fluency Speed and ease of verbal production

Association test (COWA-

FAS)"

Grooved Pegboard Manual and motor Speed and accuracy of manipulation ¢

(GPBY® dexterity and functioning fine objects with the hands

Rey Auditory Verbal Verbal learning and Ability to learn new information and to

Learning Test (RAVLT)"® memory, delayed and  store and retrieve information
immediate recall

Stroop Executive function: Ability to respond appropriately in
Neuropsychological response inhibition novel situations; ability to perform an
Screening test (SNS¥) action when faced with a competing a

more familiar action

Symbol Digit Modalities Complex visual scannin¢ The ability to visually locate a target

Test (SDMT¥? within a range of complex figures

Trail making test (TMT)  Divided attention The ability to respond to multiple task

A and B* simultaneously

Wisconsin Card Sorting  Executive function: Ability to respond appropriately in

Test -64 (WCSTY problem solving novel situations; ability to plan and ust
initiative

Wechsler Adult IQ — general intelligence General cognitive ability

Intelligence Scale

(WAIS-I11) 2
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Table 2 Sample demographic and clinical characteristics (by disease classification)

TOF TGA SV SIMPLE  Test statistic
N=81 N=80 N=65 N=84 ()
(26.1%) (25.8%) (21.0%) (27.1%)
Age (years) Mean (SD) 34.6 31.6 (6.5) 28.6(7.7) 37.1(13.7) H=
(11.0) 19- 19-50 18-58 19-76 19.734
66 (<.001)
Education (years) Mean (SD) 13.0(2.8) 13.4(2.7) 13.8(2.7) 13.6(3.2) H=3.08
(.370)
Gender (Male) N (%) 43 (53.1) 51(63.8) 43(66.2) 37 (44.0) x’=8.814
(.032)
White British N (%) 72(88.9) 71(88.8) 51(78.5) 68(81.0) x*=4.575
(.206)
Married/partner N (%) 44 (54.3) 36 (45.0) 33(50.7) 45(53.6) x?=1.983
(.576)
Employed N (%) 56 (69.1) 59 (73.8) 44 (67.7) 53(63.1) x*=2.678
(.444)
Depression Mean (SD) 6.2 (4.7) 5.9 (4.3) 8.3(6.2) 8.0 (6.6) H=7.682
(.053)
Anxiety Mean (SD) 9.9 (3.7) 99(34) 11.0(3.8) 10.2(3.6) H=4.666
(.198)
Positive affect Mean (SD) 33.7(8.2) 34.4(8.0) 32.8(8.0) 325(8.3) H=2.371
(.499)
Negative affect Mean (SD) 17.8(7.1) 16.4(6.1) 18.6(6.6) 17.8(6.7) H=4.487
(.213)
Age at first repair Mean (SD) 71.8 14.7(23.4) 98.9 61.9) 136.8 H=84.055
(months) (115.0) (193.5)  (<.001)
Total No. Mean (SD) 2.4 (1.2) 2.6 (1.3) 3.1(1.6) 1.5(0.8) H=74.02
interventions* (<.002)
Years since last  Mean (SD) 15.9 20.0 (12.0) 13.1(8.5) 15.2(12.9) H=
intervention* (13.8) 12,799
(.012)
NYHA Median 1 (0) 1 (0) 1 (0) 1 (0) y’=12.134
(Interquartile (.107)**
range)

NYHA= New York Health Association functional classification

H= Kruskal-Wallis testy’= Chi-square test

*Interventions includeatheter interventioncather lab, palliative or reparative surgery
** Fisher's Fishers exact value reported
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Table 3 Per centage of patients scoring 1.5 SD below the normative mean scor e by structural complexity group

Group Percentage
>1.5SD
below the
normative
mean on a
least 1 test

Percentage Tests
>1.5SD O
below the N
normative (%)
mean on at

least 3

tests

TOF  72.8 n=59

TGA  77.5n=62
SV 72.3 n=47

Simple 63.1 n=53

44.4n=36 22

(27.2)
48.8n=39 18
(22.5)
44.6n=29 18
(27.7)

26.2n=22 31
(36.9)

SD, Standard Deviation; TOF, Tetralogy of Fallot; TGA, Transposition of the Great Arteries; SV, Single Ventricle

(1.2) (2.5)

(11.3) (3.8) (1.3) (1.3) (1.3) (1.3)

(3.1) (1.5)



Table 4: Proportion of participants scoring >1.5 SD below the mean for each of the

neur opsychological assessmentsin each of the four structural complexity groups

ToF TGA SV Simple

N (%) N (%) N (%) N (%)
TMT-A 15 (18.5) 21 (26.3) 14 (21.5) 13 (15.5)
TMT-B 22(27.2) 16 (20.0) 23(35.4) 13 (15.5)
COWA 17 (21.0) 24 (30.0) 12 (18.5) 16 (19.0)
GP-Dominant 24 (29.6) 29 (36.3) 19 (29.2) 13 (15.5)
GP-Non Dominant 18(22.2) 20 (25.0) 15 (23.1) 11 (13.1)
Stroop- Colour 7 (8.6)* 10 (12.5) 8(12.3) 8(9.5)
Stroop-Colour word 12 (14.8) 16 (20.0) 18 (27.7) 10(11.9)
WCST-No Categories 24 (29.6) 25 (31.3) 16 (24.6) 13 (15.5)
WCST-Failure to
maintain set 9(11.1) 6 (7.5)* 4 (6.2)* 4 (4.8)*
WCST-Trials 1°*
Category 5(6.2)* 4 (5)* 6(9.2) 3(3.6)*
WCST-Errors 23 (28.4) 18 (22.5) 12 (18.5) 16 (19)
WCST-Conceptual
Level 21(25.9) 18 (22.5) 17 (26.2) 14 (16.7)
Rey- Total Acquisition 8(9.9) 9(11.3) 5(7.7)* 5(6.0)*
Symbol digit Written 11 (13.6) 11 (13.8) 11 (16.9) 3 (3.6)*
Symbol digit Oral 9(11.1) 11 (13.8) 5(7.7)* 5(6.0)*

*<8% which would be expected in the normal population Ingraham and Riken

Table 5: Proportion of participants scoring >2 SD below the mean for each of the

neur opsychological assessmentsin each of the four structural complexity groups

ToF TGA sV Simple

N (%) N (%) N (%) N (%)
TMT-A 10(12.3) 15 (18.8) 12 (18.5) 9(10.7)
TMT-B 17 (21.0) 12 (15.0) 15(23.1) 9 (10.7)
COWA 8 (9.9) 9(11.3) 4 (6.2) 6(7.1)
GP-Dominant 17 (21.0) 21 (26.3) 16 (24.6) 12 (14.3)
GP-Non Dominant 11 (13.6) 12 (15.0) 9 (13.8) 5 (6.0)
Stroop- Colour 7 (8.6) 10 (12.5) 8(12.3) 8(9.5)
Stroop-Colour word 7 (8.6) 10 (12.5) 8 (12.3) 8 (9.5)
WCST-No Categories 14 (17.3) 11 (13.8) 7 (10.8) 5(6.0)
WCST-Failure to
maintain set 9(11.1) 6 (7.5) 4(6.2) 4 (4.8)*
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WCST-Trials 1

*
Category 5(6.2) 4 (5.0) 6(9.2) 3 (3.6)
WCST-Errors 13 (16.0) 12 (15.0) 9 (13.8) 8 (9.5)
WCST-Conceptual 11(13.6) 13 (16.3) 10 (15.4) 8 (9.5)
Level
Rey- Total Acquisition 1(1.2) * 2(2.5)* 1(1.5) * 3(3.6)*
Symbol digit Written 8 (9.9) 7 (8.8) 7 (10.8) 2(2.4)*
Symbol digit Oral 5(6.2) 5(6.3) 5(7.7) 2 (2.4)*

*<5% which would be expected in the normal population Ingraham and Riken
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