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Abstract

Background
Improving surgical and interventional modalities for treating congenital heart disease increased these
children's living expectancy, a leading cause of cognitive and behavioral problems. This study compared
executive functions among surgically, interventionally treated congenital heart disease, and aged match
control.

Methods
This was a retrospective cross-sectional study. We enrolled thirty children treated with surgery, 30
interventionally treated patients and 30 healthy controls. We compared these participants in the executive
functions domains by Stroop test, trail making test, cancellation test, visual and auditory memory span
test, and behavioral problems using the parent form strength and di�culty questionnaire. Executive
performance in memory span and sustained attention was lower in the surgical group than in the
intervention group (P 0.05).

Results
Both groups of patients had lower �exibility, memory recall, simple and complex working memory, visual
attention, and simple and complex selective attention performance (P < 0.05). The effect of behavioral
problems on daily life was higher in surgical patients than in the intervention group (P 0.0001). Both
groups of patients had higher emotional problems, conduct problems, and communication problems than
the normal group (P 0.0001).

Conclusion
Interventionaly treated patients had better performance in comparison to surgically-treated patients.
Regardless of the severity of the disease or treatment, patients with congenital heart malformations had
poor performance compared to normal subjects and suffered from behavioral disorders affecting their
daily lives. It is essential to include diagnostic and therapeutic interventions in treating these patients'
executive function and behavioral problems.

Introduction
Congenital heart disease (CHD) is the most common structural congenital disease in children. This
disorder is seen in 6 to 13 per 1000 live births. The complexity of CHD is not the same, some of these
abnormalities may not impact on person's well-being or even not be recognized for years, but one-third of
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these patients with severe form should be treated in infancy. Today, with advances in surgical and non-
surgical interventions, life expectancy has reached about 80% in 20 years [1–2].

The most common CHD are ventricular septal defect, atrial septal defect, patent ductus arteriosus, and
tetralogy of Fallot [3–4]. In the past three decades, interventional methods have improved in treating
these diseases and replaced with surgery which decreased anesthesia and bypass [3]. Unfortunately,
children treated are prone to developmental disorders due to prenatal complications such as hypoxia and
complications from therapeutic modalities such as decreased blood supply to the brain or stroke [4].

In recent years there have been reports of decreased executive functions and behavioral problems in
these children [5–7]. Executive functions (EF) refer to the individual s ' ability to plan their behaviors to
achieve a speci�c goal. EF is the ability to identify problems, provide solutions, and choose the best
solution to achieve that goal, and regularly monitor and correct the performance [8].

Most researchers consider the evolution of executive functions as one of the most important
achievements of preschool children and regard it as a criterion for predicting successful school
performance and child adjustment at school [5]. Self-control requires acquiring a set of cognitive skills
that lead to problem solving and behavioral adaptation in new situations. These skills are generally called
executive functions. Executive function helps review and monitor actions to perform a task correctly
despite multiple triggers [6–7]. Children with executive dysfunction have di�culty achieving educational
goals that are not explained with a learning disorder. These children can not apply their knowledge in
everyday life [9]. Due to a decline in executive functioning and behavioral problems at school in CHD
patients, they need to be screen and rehabilitated.

This study compares executive function and behavioral and emotional problems between successfully
surgically and interventionally treated children with CHD without any reported complication and a normal
group.

Methods
This was a cross-sectional study in children aged 8 to 16 years with CHD treated by surgery or
catheterization and an aged match normal group.

Sample size and patient selection

Sixty patients with a history of cardiac problems, 30 in the surgical group and 30 in the interventional
group, and 30 normal subjects were enrolled in this study who were treated in a�liated hospital of  Shiraz
University of Medical Sciences. The patients were randomly selected from the pediatric cardiology and
cardiac surgery data bank.

The patients with a complicated surgery or intervention course, any neurological problems, signi�cant
motor problems, developmental disabilities, psychiatric problems, learning disorders, or hyperactivity were
excluded from the study. All subjects study in ordinary school and had ability in reading and writing.
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Tools

The researcher calls all patients and invited them for face-to-face interviews. According to the proposed
research protocol, all subjects were invited to the research along with one parent. The strengths and
di�culties questionnaire (SDQ ), parent version, was completed by the accompanying parent. Stroop test,
Trail-making Test (TMT) test, canceling test, auditory and visual memory span test was done for children.

Evaluation of EF

The executive function is divided into working memory (visual and verbal), cognitive �exibility (the ability
of a person to shift attention from one task to another), inhibitory control (the ability not to perform a
dominant response but select the appropriate solution to do the job correctly) [12]. The following tests
have been used to evaluate these executive functions:

Stroop Test

This is one of the most commonly used tests for selective attention or focused attention and response
inhibition; It is a laboratory model for measuring selective attention [13]. We used this test as a set-
shifting index. 

Trail making test

Trail-making Test (TMTs) assesses cognitive functioning areas such as processing speed, sequencing,
intellectual �exibility, and visual or motor skills [14]. In the present study,  the subjects were in the age
range of children and adolescents. The graphic form of the test was used instead of the digit forms. The
participant should count the points of each circle rather than the numbers. The time required to complete
the tests is recorded. This test is used to evaluate simple and complex selective attention.

Cancellation test 

The cancellation test was used as a paper-pencil test to assess visual scanning ability. In this study, a
consolation test was used to evaluate the error of deletion (omission) and commotion and the test run
time. Based on this, sustained attention capacity, visual search accuracy, and response activation and
retention were estimated. [15]. This test is used as a sustained attention index in our study.

Auditory digit Span Test

The two parts of the sub-test of number span, namely forward and reverse (reverse digits), are separately
applicable. This test was used for the evaluation of auditory memory span. In the backward digits, read
the subject a series of similar numbers, and each is asked to repeat them in reverse. The reverse digits
test was done even if the subject is weak in the forward digits test. This test is used for the evaluation of
simple working memory [15].
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In the third step, the child had to write only the numbers read by the female speaker, and the number of
correct rows was compared. This test was used as a hard-working memory index.

Visual Memory Span Test

 Several patterns, from simple to hard, are presented to the subject for four seconds; then, the subject is
asked to imitate the pattern observed in the form. In this test, the number of patterns that were painted
correctly was compared [30].

Parent SDQ-P questionnaire

 The strengths and di�culties questionnaire (SDQ) is a short screening tool increasingly used to identify
children and adolescents' behavioral and emotional problems. This tool is designed to assess �ve main
subtypes of psychiatric symptoms: conduct problems, functionality, emotional symptoms, peer problems,
and socially desirable behavior. The �rst four give the overall score of the problems. The SDQ also has an
affective score indicating that the severity of a child's problems is large enough to interfere with his or her
daily life [17]. It has been shown that scores obtained from parent and teacher versions of SDQ correlated
positively. Comparing scores of performance indices and the overall score of psychiatric diagnostic
problems also showed that SDQ is well-validated [19]. The Persian version of the SDQ has good
psychometric properties and can be a helpful screening tool for Iranian children with behavioral and
emotional problems [18].

Statistical Methods

In this study, SPSS software version 22 was used. Numerical data were written as mean ± one standard
deviation. Data with normal distribution were statistically evaluated using the T-test statistical method
and statistical data with abnormal distribution using the Mann-Whitney U test method. Pearson
correlation was used to investigate the statistical relationship between the data. A P-value of less than
0.05 was statistically signi�cant.

Results
The mean age of subjects was11.58 ± 2.45 in the study, 51.7% were girls, and 48.3% were boys. All
subjects began primary school education, and they were right-handed.

The arterial septal defect was the most common disease in the intervention group, and single ventricle
with total cavo-pulmonary connection was the most common disease in the surgical group.

In the intervention group, 16 atrial septal closures, �ve ventricular septal defect closures, four ductus
closures, three balloon angioplasty of coarctation, one balloon valvuloplasty of aortic stenosis, one
pulmonary balloon valvuloplasty were enrolled.
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In the surgical group, 11 patients with total cavo-pulmonary connection, eight repaired tetralogy of Fallot,
three atrial septal defect closures, three ventricular septal defect closures, two Rastelli operations, one
complete atrioventricular setal defect closure, one transposition of the great artery, one hypertrophic
cardiomyopathy with myectomy of the left ventricular out�ow tract.

Behavioral Problems Analysis
There was no signi�cant difference between the two groups of patients in behavioral scores. However, the
effect of behavioral problems on the child's life; was signi�cantly higher in the surgical group.

Both patient groups Showed higher scores in emotional symptoms, behavioral problems, communication
problems, and lower scores in optimal social behavior, and no difference in overactivity symptoms than
the normal group (Table 1).

  
Table 1

Comparison of the mean of the surgical group and the interven[8]. tion with the normal group in
behavioral subscale

Variable intervention Surgery Normal P
between
surgery
and
normal

P
between
surgery
and
normal

P between
surgery and
intervention

Behavioral problems 3.39 ± 1.64 3.76 ± 
1.83

1.76 ± 
1.75

0.0001 0.0001 0.269

Emotional symptoms 3.10± 2.49 4.00 ± 
2.86

2.25 ±
1.97

0.002 0.002 0.203

ADHD 4.57± 2.55 4.73 ± 
2.67

3.99 ±
2.29

0.139 0.139 0.418

Communication
problems

2.60 ± 1.83 2.76 ± 
1.97

1.67 ± 
2.04

0.005 0.005 0.667

Optimal behavior 6.82 ±1.88 7.43 ± 
1.33

8.11 ± 
1.75

0.009 0.009 0.216

Total score 13.67 ± 
6.40

15.26 
± 7.29

10.05
± 5.76

0.0001 0.0001 0.224

In�uence on daily life
from the parents' point
of view

1.57 ± 0.5 1.53±
0.5

Normal     0.0001

The child's daily life was examined from the parents' point of view. 45% of parents believed in the
in�uence on one of the areas of family, friendship, school, or leisure activities, and 55% of parents did not
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believe in this effect (Table 1).

The set-shifting, working memory, visual memory, simple selective attention, and complex selective
attention analysis showed no signi�cant difference between the two groups of patients in these �elds.
However, there was a statistically signi�cant difference with normal (Table 2).

 
Table 2

Comparison of different areas of executive performance in two groups of patients and each with the
norm

Variable Surgery Intervention Normal P between
surgery and
normal

P between
interventional
and normal

P between
surgery and
intervention

Set shifting -4.44 ± 
5.16

-5.92± 4.89 0 0.0001 0.0001 0.272

Memory
span

2.95 ± 
1.27

3.46 ± 1.22 5 0.0001 0.0001 0.037

Working
memory

1.73±
1.27

2.17± 1.73 5 0.0001 0.0001 0.181

Hard work
memory

1.85±
1.21

2.02± 0.85 5 0.0001 0.0001 0.604

Visual
memory

2.25 ± 
0.90

2.35± 1.11 5 0.0001 0.0001 0.722

Simple
selection
attention

131.12 
± 64.94

108 ± 52.85 22.93 0.0001 0.0001 0.163

Complex
Selective
attention

91.00 
± 38.15

122.36 ± 
103.23

48.97 0.0001 0.038 0.377

Patients in the surgical group had signi�cantly less memory span than the intervention group
(catheterization). Also, both groups of patients were signi�cantly lower in memory span than the normal
group. (Table 2)

In the sustained attention test, there was a signi�cant difference between the two groups of surgical
patients and the intervention in the �eld of correct selection (correct), omit removal, and omit error.
However, there was no difference in the time of the test. In this area, the performance of the norm group
was not measured. (Table 3)
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Table 3
Compares the factors of sustained attention between the

two groups of patients.

  surgery Intervention P-value

Correct 14.8 ± 4.88 17.23 ± 2.06 0.0001

Omit 3.68 ± 4.08 1.73 ± 2.06 0.020

Comit 0.55 ± 2.40 0.03 ± 4.08 0.021

Time 111.73 ± 42.71 113.16 ± 49.25 0.628

Omit 14.8 ± 4.88 17.23 ± 2.06 0.0001

Discussion
Signi�cant advances have been made in the treatment of CHD, either surgically or non-surgically, which
led to decreased mortality and increased life expectancy in children with CHD [1–2].

In this regard, we detect more neurodevelopmental disorders in both surgically and interventionaly treated
groups, and the most important of that is the low level of cognitive skills [8]. These patients appear to
have more impaired memory and task organization. These children also have behavioral disorders in the
areas of hyperactivity, impulsivity, conduct, antisocial behavior, isolation, depression, and anxiety [9].

Medical treatment aims are not just to increase life expectancy; quality of life is a priority. Executive
dysfunction is an important predictor of academic achievement, social communication, employment, and
treatment adherence [19].

Some studies focused on intellectual quotient (I.Q.); Carmen Ryberg et al. examined two groups of
congenital heart patients who underwent surgery and catheterization treatments for I.Q. Totally 228
children were classi�ed according to age and severity of the disease. The results showed that 83% of
children with congenital heart disease had expected or even higher intelligence [8]. Low I.Q. was
associated with the family's economic level and severity of heart disease. Although intelligence is one of
the predictors of a child's performance at school, executive performance also should be considered [8].

J.W.ray et al. compared 45 patients with congenital heart disease who underwent heart surgery with 51
patients who underwent bone marrow transplantation and 51 normal individuals. I.Q. in patients with
heart disorders was generally in the normal range, but these patients were less well in data analysis and
data processing speed [20]. Chronic illness can be one of the causes of poor performance, but the
patients with congenital heart defects were lower in information processing and academic achievement
than other chronic diseases [20].

In this study, executive performance has been considered. Also, according to their parents' point of view,
children who had been included in this study had a normal I.Q. and no particular need for education. The
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surgically treated patients had lower performance in memory span and sustained attention than the
interventional group. The severity of CHD can explain this difference. The surgical group had more
complex CHD (single ventricle, tetralogy of Fallot, aortic coarctation) than the catheterization group (ASD,
VSD.PDA).

In some studies, patients with complex CHD have impaired in various areas such as memory, academic
status, visual-spatial perception, executive function, and attention [11, 12, 21]. In complex CHD patients,
more brain abnormalities have been found in magnetic resonance imaging (MRI), although most of these
disorders appear to be acquired, and there is no signi�cant relationship between abnormal �ndings in
MRI and neurodevelopmental tests [22]. Impairment of information processing speed, reaction rate,
attention, selective attention, �ne movements, working memory, and spatial-visual skills is more common
in patients with complex heart abnormalities than patients with simpler abnormalities [10]. A study by
Klouda L et al. showed that patients with more severe congenital heart defects had more surgeries
associated with more executive dysfunction. The risk of acquired brain injuries during surgery, such as
strokes, should also be considered [11]. On the other hand, overprotection, inactivity, parental dependency,
and high parental anxiety levels in patients undergoing surgery, especially in cyanotic patients, appear to
lead to a lack of cognitive skills. [8]. Patients with severe CHD appear to have a greater risk for congenital
brain abnormalities [20], which are also related to physiological events due to fetal and chromosomal
abnormalities [23–24]. Also, these patients are exposed to acquired executive dysfunctions due to
multiple surgeries, hypoxia during and after surgery, seizures, and physical inactivity [25–26–27].
Complex congenital heart defects can predict neurodevelopmental disorders in adults. Although children
with simple congenital anomalies such as atrial septal defect (ASD) also have defects compared to the
normal population [28].

In our study, both groups of patients in the areas of attention, set-shifting, memory span, working
memory, and visual memory had lower performance.

Some research focused on surgical factors explaining developmental neurological disorders in patients
with congenital heart abnormalities [28–29]. Prolonged deep hypothermic circulatory arrest and
extracorporeal membrane oxygenation are still considered risk factors for developing
neurodevelopmental disorders [28]. Interestingly, complications during surgery can only justify 5–8% of
developmental disorders [30–31]. Despite the advances in surgical procedures, there is no reduction in
neurodevelopmental disorders. The nature of the disease, a group of preoperative factors, and factors
during surgery are responsible for neurodevelopmental disorders in treated CHD, and surgical treatment
does not seem to play a role in improving EF [20].

The present study results also con�rm that patients with congenital heart disease, regardless of the type
of intervention or the severity of the disease, have a lower performance in executive function than
average. However, in the meta-analyzed Petra et al., the executive function in patients with simple heart
disease is not signi�cantly different from normal [32].
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In this study, the SDQ parent questionnaire form was used to assess emotional symptoms, behavioral
problems, communication problems, hyperactivity, and desirable behavior and the impact of behavioral
disorders on a patient's life [18]. In comparing the two surgical and non-surgical groups, the family
reporting about the effect of behavioral disorders on life was signi�cantly higher in the surgical group
(P 0.0001).

In comparing the patients' group and the normal population, the patients' group had higher scores in
emotional symptoms, behavioral problems, and communicational problems than the control group and
lower scores in desirable behavior than the control group. There was no difference in the area of
hyperactivity in both patients' groups. Similar research suggests that people with chronic illnesses are
more prone to behavioral disorders [33–34–35–36]. Also, behavioral and emotional disorders are higher
in patients with congenital heart defects than in the normal population, and these disorders are not
related to the severity of the disease [37–38].

Kramer. H.H. et al. compared 128 patients with congenital heart disease with 89 normal people in the
control group. They found that children with heart disease had more behavioral problems and higher
feelings of inferiority and anxiety [39].

In one randomized control trial, Blinger et al. Compared 155 children who underwent arterial switch
operation and were in the 4 to 8 age range compared with the control group. The behavioral checklist of
parents 'children, Connor's parent scoring scale, and Connor teachers' scoring scale was used in their
study. The score for behavioral disorders and children's behavioral checklists, and teacher checklists in
the patient group were higher than in the normal group. This study suggests that patients with congenital
heart disease are at risk for behavioral disorders [34].

Our study showed more behavioral problems in CHD patients than normal children except attention-
de�cit hyperactivity disorder because we exclude these patients from this study.

The analysis of the impact of the above behavioral problems on the child's daily life from the parents'
point of view showed that 45% of parents believe that they have been affected by one of the family
domains, school friendships or recreational activities, and 55% of parents not believe in this. The effect
was unbelievably much lower than expected. This issue can be due to more parents' attention to physical
illness than behavioral problems, the level of tolerance of the family with the sick child is higher, families
refused to express behavioral disorders due to cultural issues, and the participants' average age.

Some studies, including the study of meta-analysis in Norway, which looked at the executive and
psychological functioning in children and adolescents with congenital heart disease, had shown that
psycho-behavioral disorders appear in older children, and they show more internal disorders such as
depression and anxiety than external disorders such as hyperactivity and behavioral problems [32].

Limitation Of Study
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The small number of samples, the high variability of CHD, and lack of information before the operation
were the limitation of this study.

Conclusion
Interventionally treated patients with CHD had better performance than surgically treated patients, and
the trend to treat these patients non-surgically can improve these patients' executive function. However,
Patients with congenital heart malformations, regardless of the severity of the disease or treatment, had
poor performance compared to normal subjects and suffered from behavioral disorders affecting their
daily lives. Therefore, it is necessary to include diagnostic and therapeutic interventions in executive
performance and behavioral problems in the treatment protocol of these patients. Family education can
help faster diagnosis. Disorders of cognitive �exibility can also predict behavioral problems.
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