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Abstract

Background: While there is evidence that cognitive impairment of children with congenital
heart disease (CHD) may persist into adolescence, little is known about the spectrum of
neurocognitive functioning of young adults with this disorder. The aim of this study was to
assess neurocognitive functioning in a population of young adults with different types of
CHD. Methods: Cross-sectional cohort study in young adults with CHD and a group-matched
healthy control group. We assessed neurocognitive and general intellectual functioning with a
comprehensive battery of standardised neuropsychological tests. In addition to task-based
assessments, questionnaire data of executive dysfunctions in everyday life were measured with
the Behaviour Rating Inventory of Executive Function — Adult Version. Results: A total of
67 patients (55% men) with CHD and 55 healthy controls (51% men) were included for
analysis. Mean age at assessment was 26.9 (3.68) and 26.0 (3.32) years, respectively. The
CHD group performed poorer in the domains of Executive Functions, Memory, Attention
& Speed, and general intellectual functioning. Patients with a CHD of severe complexity were
more affected than patients with simple or moderate complexity. Behaviour Rating Inventory
of Executive Function — Adult Version scores indicated that patients’ self-rated deficits in
behaviour regulation in everyday life was higher compared with healthy controls. Conclusion:
Our findings indicate lower neurocognitive functioning in young adults with a CHD, particu-
larly in those with severe defect complexity. In view of the potentially enhanced risk for cerebro-
vascular and neurodegenerative disease in this patient group as reported in the literature,
systematic longitudinal monitoring of cognitive functioning is recommended.

Congenital heart disease (CHD) affects about one percent of all newborns and comprises one
third of all congenital anomalies.! With the advent of open-heart surgery and contemporary
cardiology care, the majority of patients survive to adulthood, leading to rapidly growing cohorts
of young adults with CHD.>* Even with optimal care, these patients are not cured, but remain at
increased risk of elevated morbidity and mortality.**

Studies in infants and children with CHD found an increased risk of altered brain develop-
ment, perioperative brain injury® and neurodevelopment disorders including social interaction
difficulties, language disorders, inattentive and impulsive behaviour, as well as motor and visuo-
motor difficulties and cognitive dysfunctions such as problems in executive functioning.”~
These neuropsychological deficits can restrict educational achievements, employability,
and quality of life.!® Although there are indications that impairments may persist into adoles-
cence,''~1? only few studies have examined whether neurocognitive functioning is also affected
in young adults with CHD.!#"'7 A recent meta-analysis'? emphasised general negative effects of a
CHD on cognitive outcomes such as executive functioning, processing speed, attention,
memory, psychomotor abilities, and literacy and numeracy. In a recent comprehensive review, '8
the authors concluded that “(...) attention and executive functions are the most commonly
affected areas of cognitive performance” (p. 1679).

The current study set out to assess the full spectrum of neurocognitive functioning including
general intellectual and executive function, memory, attention, and processing speed in a
population of young adults with different types of CHD. Based on previous research, we
hypothesise that executive function, attention, and processing speed may be particularly
affected. Moreover, we predict that the complexity of CHD is associated with the degree of
impairment.
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Variable CHD group n=67 Control group n=55 Group differences (p-value)*
Age (years) 26.92 (3.68) 26.04 (3.32) 175
Sex (male), n (%) 37 (55.22) 28 (50.91) .635
Nationality (Swiss), n (%) 63 (94.03%) 53 (94.36%) .553
Parental SES (median/IQR) 8/(7.75; 10)** 9/(8; 10)*** .181

CHD: congenital heart disease; IQR: interquartile range; SES: socio-economic status, ranges from 2 (lowest) to 12 (highest) and reflects parental education.

*p-values are two-tailed.
**n=62.
***n=51

Patients were recruited from previous study cohorts on quality of
life in young adults with CHD.'®! Of 191 eligible patients con-
tacted by letter, phone, or E-mail, 68 (36%) agreed to participate.
Non-patients did either not respond to our request (n =59, 31%)
or refused participation (n = 64, 33%). All patients were fluent in
German language and had no congenital or acquired neurological
disorder or a genetic syndrome affecting intellectual development.
One patient had to be excluded after being tested because the car-
diac diagnosis (cardiomyopathy) did not represent a CHD. Thus,
the final sample comprised 67 patients with different types of
CHD. See Table S1 in the supplementary material for a detailed list.

The participants of the control group consisted of healthy peers of
patients (n =41, 75%) or were recruited from personal contacts of
the study team (n =14, 25%). Peers of patients included friends,
classmates, and siblings. All healthy controls (n = 55) were group
matched to the CHD group for gender, age, and parental education
(i.e, socio-economic status), as carefully as possible. Sample
characteristics are reported in Table 1.

The recruitment of this cross-sectional cohort study took place
between October 2016 and October 2018. All patients underwent
a standardised neuropsychological examination. The neuro-
psychological assessment took place at the Neuropsychology
Unit of the University Hospital Zurich. The duration of the whole
examination was approximately 3 hours. The study was approved
by the Ethical Committee of the Canton of Zurich, Switzerland,
and written informed consent was obtained from all study patients.

All patients completed a questionnaire collecting data on demo-
graphic, socio-economic, and medical conditions. Parental
socio-economic status was estimated using a six-point scale based
on the mean of maternal and paternal education.?’ Possible socio-
economic status values ranged from 2 (lowest) to 12 (highest).
Educational level of the patients was measured by the number
of years of school attendance until completion of an initial educa-
tion with a higher value representing a higher education. Medical
data were retrieved from medical records, and CHD complexity
was classified into simple, moderate, and severe according to
Warnes et al.?!
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Language-associated, visual, and practical functions were tested
with clinical screenings.”> We tested neuropsychological outcome
with a wide range of standardised neuropsychological procedures.
Intelligence quotient was assessed using the short form of the
Wechsler Adults Intelligence Scale, Fourth Edition.”® This short
form consists of the vocabulary and the matrix reasoning subtests
and has been validated as estimating the full-scale intelligence
quotient.”* Verbal memory functions were assessed with the
German version of the Auditory Verbal Learning and Memory
Test.”> We used total words correctly recalled after the first trial,
total learning over five repetitions, number of correct short- and
long-term recalled words, and corrected recognition as outcome
measures. Visual memory was assessed with the Brief Visuospatial
Memory Test-Revised.?® As for verbal memory, we used total
learned figures after the first exposure, total learning as well
as long-term retrieval and corrected recognition as outcome
measures. We tested attention and speed with the divided attention
subtest (reaction time to visual and auditory presented stimuli) of
the Test of Attentional Performance”” and numbers subtest of the
Trail Making Test,?® which provides information on the grapho-
motor processing speed (completion time connecting numbers).
Visual motor and visual perceptive skills were assessed with the
Rey Complex Figure Test.”’ We used total completion time and
the scored points as outcome variables. We evaluated executive
functions using verbal (Regensburger Wortfliissigkeits-Test)*
and non-verbal (Five-Point-Test)*! fluency tasks and used correct
words or figures produced as outcome measure. The Colour-Word
Interference Test from the Delis—Kaplan Executive Function
System®? provides information on processing speed, interference,
and cognitive flexibility by completion time on each trial. The
numbers and letters subtest from the Trail Making Test*® provides
information on graphomotor flexibility (completion time connect-
ing numbers and letters). Furthermore, we applied the digit span
task (longest forward and backward span) from the Wechsler
Adult Intelligence Scale®* to assess verbal working memory.
Visual working memory was assessed with the Wechsler Memory
Scale** (longest forward and backward span). We used total scored
points of the “Standardised Link’s Probe™ to asses constructive
solution behaviour. The global score of the Stop Signal Task™
was used to measure response inhibition. All scores were compared
against the normative values of the respective test manuals.
The resulting t-scores were used for subsequent analysis, whereby
values t =50 +/— 10 represents normal range.

In addition to these task-based neuropsychological procedures,
participants had to complete the German version of the Behaviour
Rating Inventory of Executive Function — Adult Version.?” This is a
75-items clinical questionnaire capturing self-reported executive
dysfunctions in adult’s everyday behaviour. The Behaviour
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Rating Inventory of Executive Function — Adult Version provides
a Global Executive Composite and two index scores. The
Behavioural Regulation Index (“I tap my fingers or bounce my
legs,” “I have angry outburst”) reflects the ability to maintain
regulatory control of one’s behaviour and emotional responses
and is composed of the Inhibit, Shift, Emotional Control, and
Self-Monitor subscales. The Metacognition Index (“I need to
be reminded to begin a task even when I am willing,” “T get
overwhelmed by large tasks”) captures the individual’s ability to
initiate activity and generate and plan problem-solving ideas, to
sustain working memory and to organize the required material and
environment. It is composed of the subscales Initiate, Working
Memory, Plan/Organise, Task Monitor, and Organisation of
Materials. Behaviour Rating Inventory of Executive Function —
Adult Version questionnaires of three patients had to be excluded
due to incomplete answers. We also excluded data of one control
subject because of a strong outlier (> 1 SD of the mean of the
control group). This resulted in a sample of n=95 completed
self-reported Behaviour Rating Inventory of Executive Function —
Adult Version data (n =49 CHD group; n =46 control group).

To examine differences in demographic variables and individual
tests between CHD and control group, we applied t-tests for inde-
pendent samples. Furthermore, we used Pearson Chi-Square to
analyse group differences in frequencies. To correct for multiple
testing, False Discovery Rate was used to calculate the adjusted
p-values (Benjamini-Hochberg Method).*® To describe the extent
of the group differences, we calculated effect sizes using Cohen’s d.
Whereas d =0.2 reflects small, d=0.5 reflects moderate, and d
=0.8 reflects strong effects.” Effects of d >0.42 assumed to be
as clinical relevant.’’ The individual tests were summarised into
the global scores Executive Function, Memory, and Attention &
Speed for further analysis (see Table 2). T-scores of all individual
tests were averaged across all tasks of each global score. To analyse
group differences of the global scores and the Behaviour Rating
Inventory of Executive Function indices between the CHD and
the control group or between the CHD complexities and the
control group, analyses of variances with Tukey’s post-test were
calculated. P-values <0.05 (two-tailed) were considered signifi-
cant. We used IBM SPSS 25 statistical software for Windows.

Comparison of baseline characteristics of the participating and
non-participating patients revealed no significant difference (see
Table S2 in supplementary material). The final sample consisted
of 67 young adults with CHD and 55 gender-, age-, and paren-
tal-socio-economic status-matched healthy controls (see Table 1
for demographic variables). The control group (M =15.06, SD =
1.89) had more education than the CHD group (Mean = 14.18,
SD=2.07) (t (120) = —2.414, p=0.017). Eighteen patients
(27%) had a simple, 33 (49%) a moderate, and 16 (24%) a severe
CHD. Gender was equally distributed between patients with sim-
ple, moderate, and severe complexity, and there was no difference
in parental socio-economic status between the groups. However,
there were significant educational differences between patients
with severe CHD (Mean=12.84; SD=1.48) and moderate
CHD (Mean = 14.67; SD =2.13) on one hand, and the control
group (Mean=15.06; SD=1.89) on the other hand (both
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p <0.05). Thirty-nine patients (58%) had undergone at least one
surgical repair procedure on cardiopulmonary bypass (heart-lung
machine) and nine patients (13%) two or more surgeries on cardio-
pulmonary bypass.

For all patients, language, language-associated, visual, and practical
performance was unaffected. Table 2 summarises the findings
of neuropsychological outcomes. Mean estimated intelligence quo-
tient was significantly lower in the CHD than the control group.
Also, the CHD group showed a lower performance in visual
memory (total learned figures after the first exposure and after
three trials), verbal working memory (forward and backward
span), auditory divided attention (reaction time), processing speed
(colour naming, connecting numbers), and visuo-verbal interfer-
ence inhibition. After correction for multiple testing, effects for
visual first encoding and learning and interference inhibition
remained significant. Effect sizes were small to medium for most
tasks. Although T-scores were in the normal range, the rate of
patients who performed more than 1 SD below the comparison
mean (i.e., range for clinically relevant impairments) was higher
in the CHD group than in the control group (short-term verbal
recall 16.7 versus 3.6%, p = 0.021; total visual learning 23.9 versus
3.6%, p =0.002; long term visual recall 11.9 versus 1.8% p = 0.033;
estimated intelligence quotient 12.3 versus 1.8%, p = 0.038).

To analyse whether the CHD group differed from the control
group in the three global scores and the Behaviour Rating
Inventory of Executive Function indices, analyses of variance
were calculated. Mean t-scores of all global scores and the
Behaviour Rating Inventory of Executive Function indices are
summarised in Table 3, and Figures 1 and 2 present a graphical
overview of the data. We found significant group differences for
global Executive Function (F (1)=5.713, p=0.018), Memory
(F (1)=10.569, p=0.001), and Attention & Speed (F (1)=
9.945, p =0.002) between the CHD and control group. For the
Behaviour Rating Inventory of Executive Function indices, we
found significant group differences only for the Behaviour
Regulation Index (F (1) =5.015, p = 0.027), with the CHD group
scoring higher, indicating higher self-reported executive function
impairments in this domain of everyday behaviour. There were no
group differences for Global Executive Composite (F (1) = 2.873,
p =0.093) and Metacognition Index (F (1) = 0.898, p = 0.346).

Overall, scores were within the normal range for both CHD and
control group. Five patients (2.45%) and one control participant
(0.46%) reached clinically relevant values of>65 (Global
Executive Composite: two patients versus no control; Behaviour
Regulation Index: three patients versus no control; Metacognition
Index: two patients versus one control).

We found significant differences for all global scores: Executive
Function (F (3)=3.887, p=0.011), Memory (F (3)=6.565,
p<0.001), and Attention & Speed (F (3) =4.214, p=0.007).
Figure 3 illustrates that the control group performed best and
patients with severe CHD complexity performed worst in all three
global scores. A Tukey post-hoc test revealed that performance for
global Executive Function was statistically significantly lower for
patients with severe CHD complexity (47.87 + 5.63 t-scores,
p=0.009) than for the control group (52.43 * 4.09 t-scores).
For global Memory score, Tukey post-hoc analyses showed poorer
scores for simple (50.67 + 4.72 t-scores, p=0.019) and severe
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Table 2. Neuropsychological performance of the CHD and control group and assignment of all tests to the corresponding global score. If not otherwise stated, Mean t-scores and SD are reported

CHD group n=67

Control group n=55

Group differences (p-value*/adj. p-value after FDR)

Effect size (Cohen’s d)

Executive Function

CWIT Interference Completion time 51.48 (8.10) 56.10 (6.78) 0.001**/0.013*** 0.613
Flexibility Completion time 52.72 (7.03) 55.11 (6.91) 0.062/0.129 0.343
RWT S-words Correct words 46.15 (8.56) 47.82 (4.77) 0.291/0.393 0.235
5-point test Correct figures 55.48 (7.50) 57.53 (5.04) 0.075/0.134 0.315
T™MT Numbers and letters Completion time 49.02 (12.52) 52.78 (9.30) 0.059/0.134 0.336
WIE Verbal WM Longest span fw and bw 51.00 (8.99) 54,79 (9.00) 0.022***/0.110 0.421
WMS-R Visual WM Longest span fw and bw 50.36 (8.13) 50.67 (7.01) 0.822/0.856 0.041
SLP Total score 47.79 (14.67)**** 50.32 (11.73) 0.306/0.383 0.189
SST Total score 46.47 (6.22)**** 45.96 (11.12) 0.753/0.856 0.058
Memory
VLMT Total learning Number of correct items 54.02 (7.63)**** 55.60 (5.76) 0.196/0.288 0.231
Short-term recall Number of correct items 49.10 (10.06)**** 51.42 (7.03) 0.138/0.216 0.263
Long-term recall Number of correct items 57.24 (8.30)**** 58.53 (1.48) 0.221/0.307 0.208
Recognition Number of correct items 5247 (9.47)**** 55.25 (5.77) 0.050/0.139 0.347
BVMT-R Total learning Number of correct items 48.34 (12.01) 54.84 (7.45) 0.000**/0.000** 0.636
Long-term recall Number of correct items 47.78 (6.76) 49.51 (3.64) 0.074/0.142 0.310
Recognition Number of correct items 48.77 (4.35) 49.02 (4.18) 0.756/0.822 0.058
Attention & Speed
TAP Auditory response Mean reaction time 41.08 (7.52)**** 44.42 (8.42) 0.023***/0.096 0.421
Visual response Mean reaction time 47.82 (7.07)**** 50.40 (7.44) 0.053/0.133 0.356
CWIT Colour naming Completion time 50.20 (6.73) 52.67 (6.70) 0.045***/0.141 0.368
T™MT Numbers Completion time 50.34 (9.63) 53.87 (7.85) 0.031***/0.111 0.398
Tests not assigned to a global score
WAIS-IV Estimated 1Q Total score 98.51 (11.21)***** 104.38 (12.09) 0.007***/0.044*** 0.505
VLMT First encoding Number of correct items 8.13 (2.17)****** 8.15 (2.06)****** 0.977/0.977 0.009
BVMT-R First encoding Number of correct items 6.40 (2.45)****** T.73 (2.19)****** 0.002***/0.017*** 0.569
RCFT Copy Total score 44.33 (10.48) 47.10 (7.86) 0.099/0.165 0.295
Time Completion time 48.81 (5.65) 48.33 (6.07) 0.659/0.785 0.082

Global scores consist of the averaged t-scores.

Effect size d =0.02 (small), 0.05 (medium), .8 (strong); d > 0.42 as cut-off for clinical relevance.
BVMT-R: brief visuospatial memory test-revised; CHD: congenital heart disease; CWIT: colour-word interference test; FDR: false discovery rate; IQ: intelligence quotient; RCFT: REY complex figure test; RWT: Regensburger wortfliissigkeits-test; SLP:

standardised link’s probe; SST: stop signal task; TAP: test of attentional performance; TMT: Trail Making Test; VLMT: verbal learning and memory test; WAIS-IV: Wechsler Adults Intelligence Scale, Fourth Edition; WIE: Wechsler intelligenztest fiir erwachsene;

WM: working memory (fw: forward, bw: backward); WMS-R: Wechsler memory scale.

*p-values are two-tailed.
**p < 0.001.

#**p < 0.05.

****Sample size n =66.
*****Sample size n =65.

******Number of correct words/figures recalled after the first trial, reported are raw scores since no t-scores exist for these variables.
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Table 3. Mean t-scores and SD of the computed global scores and the Behaviour Rating Inventory of Executive Function indices for the control group and the CHD

group including CHD complexities

Global scores BRIEF indices
n Executive Function Memory Attention & Speed n GEC BRI MI
Control group 55 52.43 (4.09)* 53.79 (3.16) 50.34 (5.58) 49 46.12 (6.56) 45.53 (6.64) 47.14 (6.95)
CHD group 66 50.26 (5.50)** 51.43 (4.54) 47.42 (4.61) 50 48.60 (7.91) 48.86 (8.07) 48.62 (8.45)
Simple 18 50.04 (4.30)*** 50.67 (4.72) 48.24 (3.74) 13 46.77 (7.28) 47.46 (8.55) 46.62 (7.59)
Moderate 33 51.47 (5.77) 52.76 (4.40) 47.81 (5.13) 27 49.48 (7.97) 49.52 (7.55) 49.67 (8.67)
Severe 15 47.87 (5.63) 49.44 (3.88) 45.58 (4.09) 10 48.60 (8.91) 48.90 (9.40) 48.40 (9.35)

For the Behaviour Rating Inventory of Executive Function indices, higher scores correspond to poorer self-reported executive functions.
BRI: behaviour regulation index; BRIEF: behaviour rating inventory of executive function; CHD: congenital heart disease; GEC: global executive composite; MI: metacognition index.

*n=>54,
**n=65.
**n=17.
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(clinical cut-off at -1 SD = 40).

+

(49.44 3.88 t-scores, p=0.001) CHD compared with the
control group (53.79 * 3.16 t-scores) on the one hand, and severe
(49.44 =+ 3.88 t-scores, p = 0.034) compared with moderate (52.76
* 4.40 t-scores) CHD on the other hand. For global Attention &
Speed, severe CHD (45.58 + 4.09 t-scores, p=0.009) differed
significantly from the control group (50.34 * 5.58 t-scores).
None of the other groups differed significantly from each other.
Nevertheless, even patients with a simple CHD showed also
clinically relevant deficits compared with controls in all global
scores (Executive Function: d=0.500; Memory: d=0.776;
Attention & Speed: d =0.443) assuming effects of d > 42 as
clinically relevant.*” No group differences were found for the
Behaviour Rating Inventory of Executive Function - Adult
Version indices (Global Executive Composite F (3)=1.353,
p =0.262; Behaviour Regulation Index F (3) =1.872, p =0.140;
Metacognition Index F (3) =0.751, p = 0.525).
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In this cross-sectional cohort study, we report lower cognitive
functioning in multiple domains in young adults with CHD in
comparison to gender-, age-, and parental-socio-economic-
status-matched healthy controls. Patients with severe CHD
complexity were most affected. For a better understanding of
affected functions, we created global scores for the domains of
Executive Functions, Memory, and Attention & Speed. The
CHD group scored poorer in all three global scores compared with
the control group. Even though the mean test results of the CHD
group in our sample were within the normal range, the number of
patients scoring above the cut-off for clinically relevant impair-
ments was larger than that of the control group. Our findings
expand results from existing studies on young adults with CHD
by three important aspects. First, previous studies reported
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represents T-scores (clinical cut-off at -1 SD = 40).

impairments in executive functioning, problems with memory or
attention in cohorts with either smaller sample sizes or secondly, in
patients with specific types of CHD. For example, Daliento et al'*
included only patients with Tetralogy of Fallot, and Kasmi et al*!
assessed neurocognitive outcomes in adults with dextro-transposi-
tion of the great arteries. Other investigators studied either only
male patients'® or included a large proportion of patients with a

https://doi.org/10.1017/51047951121002705 Published online by Cambridge University Press

neurological comorbidity.*? Third, our findings are more specific
than those of previous studies using only intelligence scales as cog-
nitive assessment!®>"!7 or questionnaire data of the Behaviour
Rating Inventory of Executive Function — Adult Version to assess
executive functioning.*> The association we found between the
CHD complexity and the level of impairment in neurocognitive
functioning confirms findings by other researchers examining
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adults with CHD.*>* Importantly, however, also patients with
simple CHD showed difficulties in the three cognitive domains,
even if their performance was not statistically different from that
of the control group.

When looking at the results in more detail, we identified lower
performances in visual memory, verbal working memory, divided
attention, processing speed, interference control, and estimated
intelligence quotient. Although effect sizes were small to medium,
they suggest probability of clinical relevance. Even though it is dif-
ficult to draw a precise comparison between studies in children and
adults with CHD (e.g., for methodological reasons), it is apparent
that certain functional deficits persist into adolescence and
adulthood.!? The most notable indication of such a persistence
can be found in executive functions.” Apart from these findings,
our results also provide indication of deficits that become only
apparent with increasing age, particularly memory impairments.
There is little evidence of memory deficits in children with a
CHD.® As the demands of different life stages change, the associ-
ated cognitive deficits also tend to emerge at different developmen-
tal stages. Whereas executive dysfunctions and attention deficits
seem to appear already during childhood, memory problems
may only become evident in early adulthood.!®

Beside group differences in objective neuropsychological
performance, the CHD group differed from the control group also
in the self-reported executive function abilities in everyday life. The
CHD group reached higher scores compared with the control
group in the Behaviour Regulation Index, indicating higher
self-reported executive functional impairments in this domain.
We also note that only five patients (2.50%) and one control par-
ticipant (0.46%) reached clinically relevant scores. This finding
indicates that our study sample has a relatively high self-perceived
executive function level in everyday life.

Overall, the CHD group performed worse in neuropsychologi-
cal testing, but the differences we found were not clinically relevant
for most patients. This may be due to the fact that the study
population is a high functioning population. This assumption is
supported by a relatively high educational level among the CHD
group. Furthermore, the examined population was relatively young
and still at the height of their cognitive capacities.

A recent publication*® showed that the CHD population might
be at increased risk for early-onset dementia, in particular those
patients with CHD of severe complexity. Whether neurocognitive
(dys-)functioning in young adults with CHD is associated with the
onset of early dementia requires long-term follow-up. Reportedly,
patients with a CHD have also an increased risk for vascular
cerebral injuries which become more prevalent with ageing.’
Whether subclinical neurocognitive disability at young adult age
predicts a greater susceptibility of adverse outcomes in case of later
cerebrovascular events requires long-term follow-up studies of
cohorts as presented in our study.

In conclusion, young adults with CHD, particularly those with
severe CHD complexity, may require special attention by health
care professionals, as impaired neuropsychological functions can
restrict educational achievement and employability. More spe-
cifically, executive deficits may impact patients’ ability to set tar-
gets, plan actions and self-control as impulse control and emotion
regulation. Memory problems can restrict academic achieve-
ments, and attention deficits can influence the ability to maintain
efficiently a full working day. To identify, monitor, and treat
potential difficulties in neurocognitive functioning with aging,
one may consider neuropsychological assessment as a routine
clinical procedure.
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It must be considered that the response rate of 36% of the eligible
patients is rather low. A reason for this low rate could be that the
current study required a much more intensive examination includ-
ing 3 hours of neuropsychological testing than the previous studies,
for example, the one by Rometsch and colleagues,'® which was a
questionnaire study. However, participating and non-participating
patients did not differ in sample characteristics like age, sex, and
CHD complexity. The studied samples of patients with CHD
and healthy controls were highly educated with 14 and 15 years
of schooling, respectively. Note that, according to the Swiss educa-
tional system, regular schooling encompasses a period of 12 years.
On average, patients with severe CHD complexity attended this
obligatory school period only. Therefore, generalisability to the
population at large is limited, and the high cognitive performance
may not reflect the actual neurocognitive performance of all young
adults with a CHD. We included patients with different types of
CHD, which increases heterogeneity of the study group and
may have impacted statistical power. Accordingly, sample sizes
were too small for subgroup analyses of specific CHD types
(e.g., transposition of the great arteries). Finally, our study was
a single centre study and, strictly speaking, the validity of the
findings is restricted to a regional cohort.

The findings of this study indicate lower neurocognitive function-
ing in young adults with CHD, particularly for patients with a
CHD of severe complexity. Importantly, for the majority of the
CHD group, the measurable cognitive impairments are not clini-
cally relevant. Whether sub-clinical neurocognitive dysfunction,
as found in this study, translates into adverse long-term outcomes
or predisposes to early-onset neurodegenerative decline requires
careful prospective longitudinal follow-up studies.

To view supplementary material for this article,
please visit https://doi.org/10.1017/51047951121002705.
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