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AbSTRACT

background: Tetralogy of Fallot (TOF) is associated with adverse neurological outcomes 
and impaired job participation later in life. This could potentially be caused by cerebral 
damage through previous cyanosis, prenatal cerebral impairments or perioperative dam-
age. We investigated the presence of cerebral damage in adults with corrected TOF and 
its relation with occupational outcomes.

Methods: Structural cerebral damage was studied in 67 adult TOF patients through 
magnetic resonance imaging (MRI) and cognitive assessment. Job participation and oc-
cupational outcomes were assessed by a questionnaire.

Results: Median age was 37 years (range 20–69) and sex distribution was equal. Thirty-
three patients (52%) showed signs of cerebral damage on MRI: cerebral infarcts were 
seen in 12 (19%) and white matter hyperintensities (WMH) in 29 out of 64 patients (45%). 
Cerebral damage was related to age and age of corrective surgery. Twenty-one partici-
pants (32%) showed cognitive impairment in at least one domain, mostly in language or 
executive functioning. Several individual tests showed mean scores below expected, 
but no systematic deviations in particular domains were found. Cognitive assessment 
results were not related to MRI findings. Fifty-two patients (78%) were employed, work-
ing a mean of 4 days (±1) or 31 hours per week (range 4–40). Nineteen patients (35%) 
experienced job related problems which they attributed to their cardiac condition and 
16 (30%) reported disease related absence from work in the prior 3 months. No relation 
was found between job participation or unemployment and structural brain damage or 
cognitive function.

Conclusion: More than half of the adults with corrected TOF in this study show signs of 
cerebral damage at MRI or NPE at relatively young age. However, there was no relation 
with job participation. Corrective surgery at older age was associated with more cerebral 
damage. With current earlier surgical correction, other factors for impaired job participa-
tion therefore need further investigation.
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InTRODuCTIOn

Tetralogy of Fallot (TOF) is the most common cyanotic congenital heart disease (CHD). 
Cardiac surgery, often more than once, is required to correct the defects and has substan-
tially improved survival over the last decades 1. Therefore, attention has shifted towards 
long-term cognitive outcomes 2, 3. Motor function, expressive and receptive language, 
intelligence and academic achievement have been found to be reduced among children 
with TOF 4. Previous studies have also shown a relatively high rate of unemployment and 
work related problems in adults with TOF 5-9. Whereas neurological consequences of 
CHD receive increasing attention, most of the previous research has focused at neonates 
and children. Recently, a study among adolescents showed that cerebral infarcts were 
found in 6% and abnormalities on cerebral MRI in 42% of adolescent patients with TOF 
10. This is more than the 18% of incidental findings on cerebral MRI that are described in 
healthy subjects 11. However, studies that combine neuroimaging, cognitive assessment 
and employment data in adults with TOF are lacking.

Cerebral damage among adult patients with TOF may be explained by several patho-
physiological mechanisms. Abnormal foetal brain development as well as an increased 
risk for perinatal cerebral injury have been shown among patients with – especially cya-
notic – CHD. Underlying causes may include (epi)genetics and abnormal cerebral blood 
flow 3, 12-15. After birth, cardiac surgery or the use of extra corporal circulation may be 
other mechanisms that could cause neurological damage, mainly through an increased 
risk for cerebral infarcts. Up to 19% of new – mostly silent – cerebral infarcts have been 
described early post-operatively 16, 17. This finding may also be influenced by the elevated 
haematocrit levels that are seen among patients with cyanotic CHD and are associated 
with increased blood viscosity and impaired cerebral blood flow 18, 19. Other contributing 
factors to impaired cognitive or neurological development may be differences in upbring-
ing, an increased risk for psychopathology and TOF often being part of syndromes that 
involve anatomic cerebral anomalies or other neurological problems 2, 20.

The primary aim of this study was to explore the prevalence of cerebral damage in adult 
patients with TOF, measured by structural magnetic resonance imaging (MRI) as well 
as cognitive assessment through neuropsychological examination (NPE). The secondary 
aim was to investigate whether cerebral damage is related to occupational outcomes 
including unemployment and impaired job participation.
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METHODS

Study population and design
The study was designed as a single centre, observational cohort study to investigate ce-
rebral damage in adults with corrected TOF. Exclusion criteria were known chromosomal 
syndromes such as 22q11-deletion or Down syndrome and contraindications for MRI 
including claustrophobia and the presence of a pacemaker or ICD. Patients were enrolled 
from January 2013 to December 2014 and identified through CONCOR (CONgenital COR-
vitia), the ongoing Dutch national database of adults with CHD 21. Participating patients 
underwent a cardiac and cerebral MRI and abbreviated NPE and filled in a questionnaire 
on work and related items. The study protocol was approved by the institutional review 
board of the Academic Medical Centre in Amsterdam, the Netherlands. Written informed 
consent was obtained from all participants.

MRI
International guidelines on the use of MRI in adult CHD consider the use of cardiac MRI 
the method of choice for the assessment and follow-up of adults with (corrected) TOF 
22. For participating patients, a brain MRI was added to the standard cardiac MRI. Both 
MRIs were performed on a Philips 3.0 Tesla Ingenia MR scanner (Philips Medical Systems, 
Best, The Netherlands) with a 16 channel phased-array head coil. Three dimensional 
(3D) T1-weighted anatomic images were obtained, using a magnetization prepared rapid 
gradient echo (MPRAGE) sequence (resolution 1.1x1.1x1.2 mm3, TR/TE=6.8/3.1 ms). Fur-
thermore, 3D fluid attenuated inversion recovery (3D-FLAIR) scan was acquired (resolution 
1.0x1.0x1.12 mm3, TR/TE=4800/356 ms, TI=1650 ms). Volumetric analysis was based on 
the MPRAGE images and processed by FreeSurfer software (v.5.1.0, http://surfer.nmr.mgh.
harvard.edu/). The anatomic evaluations were performed by an experienced neuroradi-
ologist (CBLMM) and neurologist (ER) who were blinded to all patient characteristics. MR 
images were assessed by visual inspection to rate the quality and to identify malformations 
or tissue proliferation, signal intensity changes or volume loss in a standard manner in all 
available planes. Findings were categorized as white matter hyperintensities (WMH), cere-
bral infarcts or other pathologies. Presence of WMH was qualitatively rated by the experts. 
Furthermore, WMH volume was quantified by segmentation as previously described 23. 
Presence of WMH was defined as a volume load above the group’s median value in combi-
nation with a positive WMH score by the two independent experts. Because the presence 
of WMH strongly correlates to age and is hardly described before the age of 40 years, we 
also looked at the presence of WMH before the age of 40 years 24.
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Assessment of cognition
Various cognitive functions were evaluated through a set of neuropsychological tests. 
Verbal and non-verbal intelligence were estimated with the Dutch version of the National 
Adult Reading Test, WAIS-IV Similarities and WAIS-IV Matrix Reasoning, respectively. The 
following cognitive domains were investigated in more detail: attention and working 
memory (d2 Test of Attention, Stroop Test with word and colour conditions, Trail Making 
Test part A, WAIS-IV Digit-Symbol Substitution), memory (Rey Auditory Verbal Learning 
Test, immediate and delayed recall), executive functioning (Trail Making Test part B, 
Stroop Test Interference condition, Controlled Oral Word Association Test) and language 
(Category Fluency and WAIS-IV Similarities). Exploratively z-scores were also compared 
to a large group of controls collected in the ADNI network (Advanced Neuropsychological 
Diagnostics Infrastructure) 25. The Hospital Anxiety and Depression Scale (HADS) was 
used to detect depressive and anxiety symptoms, which could influence overall NPE per-
formance. Scores range from 0 to 21 with subscale scores of 8 or higher reflecting anxiety 
or disturbed mood symptomatology 26. Cognitive assessment was considered impaired 
when at least two tests within one domain showed z-scores ≤ 2 standard deviations (SD) 
or ≤ 1.5 SD in case the participant experienced subjective cognitive complaints.

Statistical analysis
Clinical characteristics and imaging findings by visual rating were compared using chi-
square statistics for dichotomous and categorical variables and Students unpaired t-test 
and Mann-Whitney U tests for continuous variables. The level of statistical significance 
was set at P≤0.05 and all reported p-values were two-tailed. Raw NPE scores were 
transformed into age-, sex- and education- corrected normative z–scores. Via Students 
unpaired one-sample t-tests these z-scores were compared to the population mean z-
scores of 0. Pearson and Spearman partial correlation coefficients were used to examine 
potential bias from depression as measured by the HADS score. The mean differences in 
parameters for cerebral damage, NPE and work limitations were plotted in a forest plot 
and tested for significance. Odds ratios (ORs) and 95% confidence intervals (CIs) were 
calculated using logistic regression. All statistical analyses were performed using SPSS 
statistical software for Windows (SPSS Inc., version 23, Chicago, IL, USA).

RESuLTS

Patient characteristics
In total, 155 patients were registered with TOF in CONCOR at the study site. As shown in 
Figure 1, 64 patients (41%) were not eligible due to exclusion criteria. Of the remaining 
91 eligible patients, 67 patients (median age 37, range 20–69 years, 51% female) were 
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included in the study. All patients underwent a cardiac MRI and participated in at least 2 
of the other tests (N=64, N=65, N=66 for MRI brain, NPE and questionnaire respectively; 
62 patients participated in all investigations). Characteristics of the study population 
are summarized in Table 1. Nonresponse analysis showed that respondents were more 
often women (51% versus 44%) and slightly older than non-respondents (median age 37 
versus 35 years), but the differences were not statistically significant. Cardiac MRI results 
can be found online in the supplemental table (e-Table 1).

inclusion
N = 67 (74%)

Exclusion
64 (41%)

PM/ICD [17]

claustrophobia [10]

chromosomal
disorders [19]

other [18]refusal [21]

no show [3]

Exclusion
24 (26%)

TOF 
N = 155

eligible
N = 91 

Figure 1. Patient selection flowchart.
Abbreviations: TOF = tetralogy of Fallot; PM/ICD = pacemaker or ICD.
Other: uncorrected TOF, pregnancy, language problem, important comorbidity.

Primary endpoints
Among all study participants, 33 patients (52%) showed cerebral damage on the MRI: 12 
(19%) showed signs of cerebral infarcts and 29 (45%) showed WMH (Table 2). WMH were 
equally present in men and women and were not linearly related to age, although median 
age in patients with WMH was significantly higher than in the group without (46 versus 
32 years, P<0.001). Median total WMH volume was 187 (IQR 91–516) mm3, with no dif-
ference between men and women. Higher total WMH volume was seen in patients with 
one or more cardiovascular risk factors (hypertension, smoking, hypercholesterolemia or 
diabetes); median WMH volume 321 (IQR 73–1173) mm3 versus 142 (IQR 92–318) mm3, 
although statistically not significant (P=0.12). In patients aged 40 years or younger (n=40), 
infarcts were seen in 4 (10%) and WMH in 10 patients (25%). Median WMH volume in this 
subgroup was 125 (IQR 85–222) mm3. Table 3 depicts that cerebral damage correlated 
with age; for each older year of age in the study, the chance of cerebral damage increased 
with 14%. Furthermore, patients with presence of cerebral damage were significantly 
older at the time of their first surgery (3.5 versus 1.6 years, OR 1.27, P=0.03) and surgical 
correction (8.9 versus 3.8 years, OR 1.14, P=0.01). In other words, for each year surgi-
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cal correction was later performed, 14% more cerebral damage was seen. Among the 
patients with cerebral infarcts, age at corrective surgery varied from 0 to 22 years.

Table 1. Characteristics of the study population (N=67).

Variable

Patient characteristics, n (%)
Female 34 (51)
Age, y (range) 37 (20–69)
NYHA class II/III 19 (28)
Reduced LVF (N/total, %) 15/65 (23)
Reduced RVF 8/65 (12)
Cardiovascular risk factors:
hypertension
hypercholesterolemia
diabetes
smoking
family history
atrial fibrillation/flutter

 
9 (13)
7 (10)
2 (3)

8 (12)
23 (34)
8 (12)

Occupational characteristics
Educational level:
lower (primary, lower occupational)
medium (medium secondary/occupational)
higher (higher secondary/occupational/university)

 
8 (12)

29 (45)
28 (43)

IQ (mean, ± SD, range) 97 (± 15), 57–132
Daily occupation:
employed
job seeking
sick leave
other (student, household, retired, unknown)

 
52 (78)

6 (9)
2 (3)

7 (10)
Days of work / wk according to contract (mean, ± SD) 4 (± 1)
Hrs of work / wk according to contract (mean, range) 31 (4–40)
Limitations at work# (n/total, %) 19/54 (35)
No limitations at work (n/total, %) 35/54 (65)

Surgical characteristics
Total number of cardiac surgeries, mean (± SD) 2.2 (± 0.9)
1 surgery
2 surgeries
≥ 3 surgeries

14 (21)
31 (46)
22 (33)

Prior palliative shunt before corrective surgery * 29 (43)
Age at corrective surgery, y (range) 3 (0–33)

Abbreviations: NYHA = New York Heart Association (functional class); LVF = left ventricular function; RVF 
= right ventricular function; SD = standard deviation.
# N = 54 (employed and sick leave)
* Blalock-Taussig, Potts or Waterston shunt.
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Table 2. Parameters for cerebral damage. (cerebral MRI, N=64 or NPE, N=65)

Variable

MRI results

Infarction, n (%)
lacunar
cortical

12 (19)
5
7

Other abnormalities*, n (%) 6 (10)

White Matter Hyperintensities (WMH)#

WMH, n (%) 29 (45)

WMH load, range 8–6207

WMH load, median (IQR) 187 (91–516)

WMH load, mean (± SD) 469 (± 960)

Limitations at Neuropsychological Examination (NPE)

attention, n (%) 2 (3)

memory 2 (3)

language 10 (15)

executive functioning 9 (14)

intelligence 2 (3)

> 1 domain 4 (6)

Abbreviations: SD = Standard Deviation; IQR = interquartile range.
* Other abnormalities include arachnoid cysts, old meningitis, corpus callosum dysgenesis, hypophysis 
adenoma.
# WMH presented in mm3 and defined as WMH volume above median and positively scored by two 
independent experts.

Twenty-one participants (32%) showed signs of impairment in at least one cognitive 
domain (Table 2). Five patients (8%) showed symptoms of an anxiety or mood disorder, 
but this did not seem to influence NPE results. Most impairments were in the language 
(N=10) and executive functioning domains (N=9). Four patients experienced impair-
ments in more than one domain. Patients scored significantly lower than expected on 
some, but not all tests in the attention and executive functioning domains and on overall 
intelligence. Exact NPE results can be found in supplemental e-Table 2. Estimated mean 
intelligence (expressed as Intelligence Quotient, IQ) was 97 (±15), ranging from 57 to 
132. The estimated IQ of 78% of patients was considered within the normal range (85 
to 115) with 11% scoring above and 11% below. Although several individual patients 
showed impairments, when the group data were compared to large comparable groups 
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in age, sex and education, patterns were similar, as shown in e-Figure 1. Cognitive impair-
ment was not related to cerebral damage on MRI. This is illustrated by two examples 
from study participants in Figure 2. Patients with and without cognitive impairment did 
not differ in any clinical variable (e-Table 2).

Table 3. Relation between signs of cerebral damage (infarction or WMH) on MRI (N=64) and clinical 
data.

  Cerebral Damage     
 
Variable 

 yes 
N = 33 

no 
N= 31 

         OR (95%CI) P-value 

        
Female  17 (52) 17 (53)  0.94 (0.35 to 2.48) 0.90 
Age, mean (±SD)  46 (±10) 31 (±11)  1.14 (1.07 to 1.21) <0.0001 
Reduced RVF  2 (6) 5 (17)  0.33 (0.06 to 1.87) 0.21 
Reduced LVF  9 (27) 5 (17)  1.87 (0.55 to 6.40) 0.32 
IQ  97 (±16) 97 (±10)  1.00 (0.97 to 1.04) 0.83 
Lower level of education  19 (58) 17 (55)  1.12 (0.42 to 3.00) 0.83 
Cardiac surgeries, mean  2.3 (±1.0) 2.2 (±0.9)  1.23 (0.72 to 2.09) 0.44 
Age at first cardiac surgery  3.5 (±3.3) 1.6 (±3.0)  1.27 (1.03 to 1.57) 0.03 
Age at first corrective surgery  8.9 (±7.7) 3.8 (±6.0)  1.14 (1.03 to 1.27) 0.01 
PVR  18 (55) 16 (50)  1.20 (0.45 to 3.18) 0.71 
Previous shunt  16 (48) 13 (41)  1.38 (0.52 to 3.67) 0.52 
Presence of CV risk factor*  10 (34) 8 (27)  1.45 (0.48 to 4.41) 0.52 
NPE limitations in ≥ 1 domains  9 (28) 10 (32)  0.82 (0.28 to 2.41) 0.72 
Experienced work limitations  8 (30) 11 (44)  0.54 (0.17 to 1.68) 0.28 
Unemployment  3 (10) 5 (19)  0.49 (0.11 to 2.28) 0.28 
        

0.1 1 10

Abbreviations: OR = odds ratio; 95% CI = 95% confidence interval; SD = standard deviation; RVF = right 
ventricle function; LVF = left ventricular function;
IQ = intelligence quotient; PVR = pulmonary valve replacement; NPE = neuropsychological examination.
* Presence of cardiovascular risk factor except family history.
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Figure 2. Example of two patients with extended findings at MRI but normal NPE and undisturbed job 
participation.

Secondary endpoints
Fifty-two patients (78%) were employed, working 4 days (±1) or 31 hours per week (range 
4–40) on average. Two were on current sick leave. Nineteen patients (37%) experienced 
limitations at work which they attributed directly to their cardiac condition. Eight (42%) 
of them showed some cognitive impairment, 8 (42%) had cerebral damage on MRI and 5 
(26%) showed both. Nine of the 19 patients who reported problems (47%) had been ab-
sent from work in the prior 3 months because of work-related problems, but also among 
patients without reported problems, 7 reported absence from work during the prior 3 
months due to their cardiac condition. Problems with concentration, decision-making 
and working with deadlines were most often reported. When comparing the patients 
who experienced limitations at work to those who did not, no differences regarding 
cerebral damage or cognitive functioning could be found (e-Table 3).

DISCuSSIOn

This is the largest cohort to date of adult patients with TOF in whom cerebral damage 
was investigated through imaging as well as cognitive assessment. Cerebral lesions were 
found in a large proportion of patients: 52% had cerebral abnormalities on MRI and in 
32% cognitive impairment was seen in at least one domain. Limitations at work – often 
even leading to work absence – were observed in one third of the patients. However, 
no relation could be found between cerebral damage, cognitive impairment and job 
participation.
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Comparing to other studies investigating cerebral damage in adults with TOF, we found 
a relatively high number of cerebral infarcts (19%). In a retrospective population based 
study of 2196 patients with TOF, an incidence of ‘only’ 2% cerebral infarcts was observed 
27. It is important to emphasize we found predominantly silent cerebral disease. Only 
1 out of the 12 patients with radiological signs of cerebral infarcts, had a neurological 
history of stroke. In the Rotterdam Study among 1015 healthy participants aged 60 or 
above (mean age 71 years), around 20% showed signs of subclinical cerebral infarcts. 
In the much younger cohort of the current study the prevalence of subclinical cerebral 
infarcts was about similar 28.

The mean total WMH volume in our population (469±960 mm3) was considerably 
higher than in the healthy controls in age-comparable cohorts described in the studies 
by Muhlau et al. (170±450 mm3) or Neema et al. (188±258 mm3) 24, 29. White matter 
lesions correlate strongly with age and are scarce under the age of 40 years in a healthy 
population 24. Therefore, we specifically explored the patients from our study cohort 
aged 40 years or younger, in which we observed significant WMH volume in 25% and 
infarcts in 10%. We found a median volume of 125 mm3 (IQR 85–222) in patients aged 
40 years or younger, whereas in a previous study no WMH were seen in persons under 
the age of 40 24.

The aetiology and significance of the cerebral infarcts and the presence of WMH in our 
population is unknown. Cerebral infarcts and white matter lesions among healthy older 
adults are associated with vascular disease. Previous population-based studies have 
shown a relation with cognitive decline 30-32. The presence of WMH in preterm infants 
is associated with early developmental delay 33. In older people most studies suggest 
an association between WMH and cognitive impairment, most commonly affecting the 
domains of attention, concentration, executive functioning and mental speed 31. The 
cerebral damage that was found through MRI in this study is intriguing, considering the 
fact that it was more than expected based on age, but did not seem to influence clinical 
outcomes. However, it has been anticipated that a threshold of at least 10.000 to 20.000 
mm3 in healthy elderly subjects is required for WM lesions to cause clinically meaningful 
cognitive decline 32. Total WMH load in our population was much lower with a maximum 
of 6000 mm3 and its clinical relevance yet remains unclear.

Not the number of surgeries but the age at which surgery took place seemed to be 
related to the occurrence of cerebral damage. Since age of first and corrective operation 
were the only factors we could identify that were related to cerebral damage, preceding 
cyanosis and surgery related damage in already susceptible brains may play a pivotal 
role. Due to our cross-sectional study design, data were only available from one time 
point in adulthood, which precludes a definite conclusion on the influence of cardiac 
surgery with respect to possible pre-existing lesions.
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In terms of cognitive outcomes, a number of patients performed less than expected 
on several tests, which was not related to the presence of cerebral damage as measured 
by MRI. Most NPE limitations were in the language and executive functioning domains, 
as can be expected from literature 2, 4. However, mean scores on the language tests were 
not below expected. Of the executive functioning tests, only the TMT-B and the colour 
naming condition of the Stroop test showed mean scores below the expected level. The 
number of cardiac surgeries is found to be a significant risk factor for worse outcomes in 
all domains at NPE in young children 34. We could not reproduce these findings.

In other chronic diseases such as Parkinson disease or sickle cell disease, cognitive 
impairment was associated with unemployment 35, 36. It appears that the high proportion 
of impaired job participation in this study needs to be explained by other factors than 
cerebral damage or cognitive impairment. It may have been at least partly related to 
the relatively high work load in terms of days and hours at work. Previous qualitative 
research in this field has given some insights into barriers and facilitating factors at work 
6. Barriers were mostly on physical labour and lack of opportunities for recovery, but in 
the present job participation did not seem to be particularly influenced by these factors.

Study limitations
There are limitations of this study that need to be addressed. The high prevalence of 
WMH may be partly related to the used definition. Specific reference data for WMH 
volume are lacking within this age group in current literature and our study design did 
not provide controls. In addition, most previous studies were performed on 1 or 1.5 Tesla 
MRI. The sensitivity ‒ and consequently the measured prevalence of lesions ‒ of brain 
FLAIR MRI scans at 3 Tesla is higher, and therefore our data were only compared to stud-
ies performed at 3 Tesla. Furthermore, there may have been a selection bias of relatively 
‘good’ participants, since the percentage of employed patients (78%) was slightly higher 
than generally described in TOF 5, 8, 9, and few patients were unemployed. This may have 
even underestimated our results. Unfortunately, this explorative study still lacks power to 
perform sub analyses. Our results encourage to conduct future larger studies, or pooling 
of data from multiple sites, to perform more specific subgroup analyses.

COnCLuSIOn

This study shows signs of cerebral damage measured by imaging as well as cognitive 
assessment in a relatively large cohort of adults with TOF. However, there was no relation 
with job participation. Our findings indicate that corrective surgery at earlier age leads to 
better cerebral outcome. Therefore, other factors to improve job participation in adults 
with TOF should not be overlooked and further investigated.
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SuPPLEMEnTAL DATA

Online Table 1. Cardiac MRI parameters from the study population.

Variable N=65

Left Ventricle
EDV (ml/m2)
ESV (ml/m2)
SV (ml/m2)
EF (%)

 
94 (± 21)
44 (± 13)
50 (± 10)
53 (± 5)

Right ventricle
EDV (ml/m2)
ESV (ml/m2)
SV (ml/m2)
EF (%)

 
108 (± 18)
55 (± 14)
53 (± 10)
49 (± 7)

PR (%)
no PR, N. (%)
mild PR
moderate PR
severe PR

23 (± 12)
22 (35)
21 (33)
18 (29)
2 (3)

no PS, N. (%)
mild PS
moderate PS
severe PS

45 (80)
4 (7)
6 (11)
1 (2)

residual VSD, N. (%) 5 (8)

Abbreviations: EDV = end diastolic volume; ESV = end systolic volume; SV = stroke volume; EF = ejection 
fraction; PR = pulmonary regurgitation; PS = pulmonary stenosis; VSD = ventricular septal defect.
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Online Table 2. Results of Neuropsychological Examination (N=65).

Cognitive domain Test z-score t-score P

Attention Trail Making Test (condition A ) -0.3 (1.2) -2.008 0.049

• D2 attention and concentration

relative accuracy 0.1 (1.2) 0.517 0.607

speed corrected for errors -0.4 (0.9) -3.391 0.001

concentration -0.5 (1.0) -3.595 <0.001

• WAIS-IV Digit Symbol Substitution -0.1 (1.0) -0.849 0.399

Memory Auditory-Verbal Learning Test (delayed reproduction) 0.1 (1.0) 1.134 0.261

Language Category Fluency: animals 0.0 (0.9) 0.178 0.860

occupations -0.1 (1.1) -1.037 0.303

Executive functioning Letter fluency (D-A-T) 0.2 (0.9) 1.460 0.149

Trail Making Test (part B) 0.3 (1.1) 2.001 0.050

Stroop Colour-Word test (colour naming) -0.4 (1.1) -2.875 0.006

colour-word interference -0.3 (1.0) -1.895 0.063

Intelligence Dutch Adult Reading Test estimated IQ 97.4 (13.5) -1.512 0.136

• WAIS-IV Matrices -0.4 (1.0) -3.248 0.002

• WAIS-IV Similarities -0.5 (1.0) -4.154 <0.001
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Online Figure 1. Individual test scores compared to data from the Advanced Neuropsychological Di-
agnostics Infrastructure. The green area indicates all scores between +2SD and -2SD and it shows both 
outliers above and below 2SD in several tests.
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Online Table 3. Relation between limitations in NPE (N = 65) and clinical data.
 

 
 
Variable 

 
limitations in  

≥ 1 NPE domain 
N = 21 

 
no limitations in  
≥ 1 NPE domain 

N = 44 

  
OR 

 
(95% CI) 

 
P- 

value 

       
Female 10 (48) 24 (55)  0.76 (0.27 to 2.15) 0.60 
Age, mean (±SD) 37 (±14) 39 (±12)  0.99 (0.95 to 1.03) 0.68 
Cerebral infarction (MRI) 4 (21) 8 (19)  1.17 (0.30 to 4.47) 0.82 
WMH, median load (IQR) 152 (66–726) 188 (98–516)  0.99 (0.96 to 1.02) 0.51 
Presence of cerebral damage on MRI 9 (47) 23 (52)  0.82 (0.28 to 2.41) 0.72 
Reduced RVF 4 (19) 4 (10)  2.18 (0.49 to 9.76) 0.31 
Reduced LVF 6 (29) 8 (19)  1.70 (0.50 to 5.76) 0.39 
IQ 94 (±14) 99 (±13)  0.97 (0.93 to 1.01) 0.13 
Lower level of education 16 (76) 22 (50)  3.20 (1.00 to 10.26) 0.05 
Cardiac surgeries, mean 1.9 (±0.7) 2.4 (±0.9)  0.45 (0.22 to 2.78) 0.68 
Age at first cardiac surgery 3.0 (±3.2) 2.6 (±3.4)  1.04 (0.89 to 1.22) 0.60 
Age at first corrective surgery 6.2 (±7.6) 6.5 (±7.3)  0.99 (0.92 to 1.07) 0.86 
PVR 9 (43) 26 (59)  0.52 (0.18 to 1.49) 0.22 
Previous shunt 6 (29) 22 (50)  0.40 (0.13 to 1.22) 0.11 
Experienced work limitations 8 (44) 11 (32)  1.67 (0.52 to 5.42) 0.39 
Unemployment 4 (21) 4 (10)  2.33 (0.51 to 10.59) 0.27 
       

 

 
0.1 1 10

Abbreviations: SD = Standard Deviation; RVF = right ventricle function; LVF = left ventricular function; 
IQ = intelligence quotient; PVR = pulmonic valve replacement; NPE = neuropsychological examination.

Online Table 4. Relation between limitations at work (N = 54) and clinical data.
 

 
 
Variable 

 
work 

limitations 
N = 19 

 
no work limitations 

N = 35 

          
OR 

 
(95%CI) 

 
P-value 

       
Female 10 (53) 15 (43)  1.48 (0.48 to 4.55) 0.49 
Age, mean (±SD) 38 (±12) 39 (±13)  0.99 (0.95 to 1.04) 0.76 
Cerebral infarction (MRI) 3 (16) 8 (25)  0.56 (0.13 to 2.45) 0.44 
WMH, median load (IQR) 103 (58–252) 232 (116–645)  0.96 (0.91 to 1.00) 0.07 
Presence of cerebral damage on MRI 8 (42) 19 (58)  0.54 (0.17 to 1.68) 0.28 
Reduced RVF 2 (12) 5 (14)  0.80 (0.14 to 4.62) 0.80 
Reduced LVF 3 (18) 9 (26)  0.62 (0.14 to 2.66) 0.52 
IQ 102 (±14) 96 (±14)  1.03 (0.99 to 1.08) 0.13 
Lower level of education 9 (47) 21 (62)  0.56 (0.18 to 1.73) 0.31 
Cardiac surgeries, mean 2.2 (±0.9) 2.3 (±0.9)  0.88 (0.47 to 1.66) 0.70 
Age at first cardiac surgery 2.2 (±2.1) 2.9 (±3.7)  0.92 (0.75 to 1.13) 0.42 
Age at first corrective surgery 5.6 (±5.1) 6.5 (±8.7)  0.98 (0.91 to 1.06) 0.68 
PVR 9 (47) 20 (57)  0.68 (0.22 to 2.07) 0.49 
Previous shunt 8 (42) 13 (37)  1.23 (0.39 to 3.85) 0.72 
NPE limitations in ≥ 1 domains 8 (42) 10 (30)  1.67 (0.52 to 5.42) 0.39 
       

 
0.1 1 10

Abbreviations: SD = Standard Deviation; RVF = right ventricle function; LVF = left ventricular function; 
IQ = intelligence quotient; PVR = pulmonic valve replacement; NPE = neuropsychological examination.


