@@ PEDIATRIC SCIENCES JOURNAL

The Official Journal of the Pediatric Department, Faculty of Medicine,
Cairo University, Egypt

Original Article
Cognitive Assessment in children with Congenital

Heart Diseases after Cardiac Surgeries
Amir Fawzy Kamal'*, Fatma Al Zahraa Mostafal, Walaa Fakher2, Ahmed Soltan3, Mohamed
Mohamed Abdelraoof*
1 Department of Pediatrics, Faculty of Medicine, Cairo University, Cairo, Egypt
2 Department of Psychiatry, Faculty of Medicine, Cairo University, Cairo, Egypt
3 Department of Pediatrics, Department of Pediatrics, Beheira Children’s Specialized Hospital, Ministry
of Health, Beheira, Egypt
4 Department of Cardiac Surgery, Faculty of Medicine, Cairo University, Cairo, Egypt
* Correspondence: amirfawzy12314@gmail.com
Received: 26/5/2024; Accepted: 16/6/2024; Published online: 30/6/2024

Abstract:

Background: Children with congenital heart defects (CHD) now live longer due to advances in
surgical and catheter techniques. Their neurodevelopment, including intellectual functioning,
has become a major area of concern, attracting both clinical and research interest.

Objectives: To assess the cognitive functions in children with CHD after cardiac surgeries and
to compare between cyanotic and acyanotic heart disease regarding cognitive functions.
Patients and methods: This cross-sectional study included sixty patients with CHD, 30
patients with cyanotic heart disease and 30 patients with acyanotic heart disease, who
underwent cardiac surgeries and were examined by Stanford Binet IQ test 5th edition. They
were recruited from the post cardiac intervention clinic at Pediatric Hospitals of Cairo
University.

Results: The mean + SD age of the children with cyanotic and acyanotic heart diseases was 5+2
and 4 +1 years respectively (p= 0.345). The IQ was higher among the children with cyanotic
compared to those acyanotic heart diseases with mean + SD (range) of 85.4 = 12 and 99.9 + 13
respectively (p= 0.0001). IQ was not influenced by age at operation (p= 0. 171), type of operation
(p= 0. 381), sex (p= 0.323), or oxygen saturation (p= 0.308). Mean +SD IQ of those with cyanotic
CHD who underwent closed and open heart surgeries was 88+11 and 84+13 respectively (p=
0.381), and in acyanotic group was 104+14 and 98+13 respectively (p= 0.323).

Conclusion: Children with congenital heart defects may have cognitive dysfunction. Children
with cyanotic CHD have significantly lower IQ values than those with acyanotic CHD. No
significant differences in IQ were found between patients who underwent closed and open heart
surgery.

Level of Evidence of Study: IV (I).

Keywords: Congenital heart defects; IQ Assessment; Cardiac Surgery; closed and open heart
surgery; Stanford Binet 5th edition
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Introduction

Children with congenital heart defects (CHD) now live longer due to advances in surgical
and catheter techniques. Their neurodevelopment, including intellectual functioning, has become
a major area of concern, attracting both clinical and research interest (2—4). Severity of the heart
disease in children with CHD has been suggested as an important predictor for intellectual
functioning: the more severe the heart disease, the higher the risk for lower intellectual
functioning and poorer academic performance (5). There is growing evidence that brain
development in children with CHD can differ from normal brain development. This mis-
development may even start prenatally due to impaired cerebral blood flow. Postnatally, infants
and older children with CHD may have preoperative and postoperative white matter
abnormalities, which may relate to worse neurocognitive outcome in children with CHD. Surgery
seems to impact neurocognitive outcome in CHD as well. Considering the vulnerability of their
brain, neurocognitive functions may be worse in children with CHD than those in healthy control
children without CHD (6).

Neurocognitive deficits can occur in intelligence, but also in more specific functions, such as
attention and executive functions. Executive functions cover a variety of higher cognitive
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functions, such as inhibition and cognitive flexibility. Attention deficit/hyperactivity disorder,
with impaired inhibition as a key feature, is more prevalent in children with CHD. These
executive functions especially depend on the developing pre frontal cortex, which continues to
mature until young adulthood (7). Neurocognitive deficits at school starting age may affect as
many as 50% of children who underwent cardiac surgery for complex CHD due to relative
hypoxemia and systemic inflammatory response occurring during such surgeries. Impaired
neurodevelopment was associated with increase of glial fibrillary acidic protein (GFAP) plasma
levels during cardiopulmonary bypass for CHD surgery, which is a marker of neurologic insult
during cardiac surgery in infants (8).

The aim of this study was to assess the cognitive functions in children with congenital heart
diseases after cardiac surgeries and to compare between cyanotic and acyanotic heart disease
regarding cognitive functions.

Subjects and Methods

This was a cross-sectional study included sixty children with CHD who underwent cardiac
surgery. They were recruited from the Post-Cardiac Intervention Clinic at Pediatric hospitals of
Cairo University. The study was approved by the Ethics Committee of Cairo University. Written
informed consent was obtained from the care givers.

Participants

The included 60 children with CHD were divided into 2 groups: 30 patients with cyanotic
heart disease and 30 patients with acyanotic heart disease, they had underwent un-eventful
cardiac surgeries for at least 6 months prior to inclusion in the study. Children with genetic
syndromes affecting mental status, known cases of neurometabolic and neurodegenerative
disorders were excluded from the study. Patients with acquired brain insults as perinatal
asphyxia, history of intracranial hemorrhage and central nervous system infection were also
excluded.

Methods

All included children were subjected to detailed history taking and clinical examination. The
type of surgery was named as open or closed. Open heart surgery was coined to surgery that
directly accessed the heart through opening the chest, while closed surgery refers to surgery that
was outside cardiac muscle (9).

They all underwent O2 saturation assessment by pulse oximeter (SP025, Hans Dinslage
GMbH, Germany), chext Xray, echocardiography that assessed post-operative cardiac structure
and function. They underwent trans-thoracic two dimensional (2D), (M mode) and Doppler
echocardiogram were performed using GE vivid 5 (General Electric Medical System, Horten,
Norway with a 3.5-MHz multifrequency transducer) ultrasonic machine phased array sector
scanner.

Linear measurements of left ventricle (ILV) cavity were obtained: Left ventricular dimensions

were measured from M-mode; LV end diastolic diameter (LVEDD), LV end systolic diameter
(LVESD), walls (interventricular septum (IVS) and posterior wall (PW) and calculation of
fractional shortening (FS%) as an indicator of LV systolic function. LV systolic function were
done according to the recommendations of the American Society of Echocardiography. FS value
< 28% was considered lower than normal with impaired LV systolic function (10).
They all underwent psychometric assessment by Stanford Binet IQ test 5t edition with its
subtests to measure their cognitive functions. Where 1Q>145 is labeled very gifted or highly
advanced, 1Q 130-144: Gifted or very advanced, IQ 120-129: superior, IQ 110-119: high average,
1Q 90-109: average, 1Q 80-89: low average, IQ 70-79: border line impaired or delayed, 1Q55-69:
mildly impaired or delayed and IQ < 54: moderately impaired or delayed (11).

Statistical Analysis

Data were coded and entered using the statistical package SPSS (Statistical Package for the
Social Sciences, IBM, USA) version 25. Data were summarized using mean, standard deviation,
range and median in quantitative data and using frequency (count) and relative frequency
(percentage) for categorical data. Comparisons between quantitative variables were done using
the non- parametric Mann-Whitney test. For comparing categorical data, Chi square (x2) test was
performed. Correlations between quantitative variables were done using Spearman correlation
coefficient. P-values less than 0.05 were considered as statistically significant.
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Results

The mean +=SD (range) age of the children with cyanotic CHD and acyanotic CHD was 5+2
(2-8) and 4+1 (2-9) years respectively (p= 0.345). (Table 1). Among the cyanotic and acyanotic
CHD 15 (560%) and 18 (60%) were males (p= 0.604). They were comparable in weight and height
percentiles (p=1) and (p=0.63) respectively. The underlying diagnosis of CHD and intervention
is presented in Table 2. IQ among cyanotic group participants was 85.4+12 (range 65-113)
compared to mean IQ of acyanotic group participants 99.9+1 (average 78+126); and this
difference was statistically significant (p<0.001). There was no correlation between 1Q and
duration of disease or type of surgery. (Tables 4 and 5).

Table 1. Operative and post-operative data of the studied participants

Cyanotic group Acyanotic group , .

(n=30) (n=30)
Age at operation Mean =SD 422 3+1 0.381
(month) Range 1-7 2-8 )
Age at study (years) Mean £SD 542 4+1 0.345
Range 2-8 2-9 )
Pre-operative O Mean +SD 8244 99+2 0.001
saturation %
Postoperative O Mean +SD 97+2 98+3 0.76
saturation %
Hospital stay in days Mean £SD
Number % Number %
. Closed surgery 11 36.7 8 26.7
T f t 0.58
ype otoperation  "qen surgery 19 633 22 73.3
Post tive O 75-85 0 0 0 0
ostoperative L 85-90 4 13.3 0 0 0.056
saturation %
90-100 26 86.7 30 100

Table 2. Diagnoses of the congenital heart defect among the studied cohort

Number % Surgical Intervention 1Q
range
Diagnosis of Cyanotic CHD Open Closed
TOF Total repair, RVOT
13 43.3 reconstruction, VSD 65 -113
closure, homograft
TGA 14 46.7 Ser.ming , Arterial 69 - 106
switch
Single ventricle, pulmonary atresia 2 6.7 Fontan , Glenn 80 - 100
DORYV, pulmonary atresia 1 3.3 Glenn 91
Diagnosis of Acyanotic CHD
ASD 4 133 Complete clqsure , Patch 79 - 94
closure, surgical closure
VSD 12 40 VSD closure, Patch Pulmpnary artery 39 - 196
closure banding before closure
PDA 1 3.3 Ligation by surgery 123
ASD.VSD 3 10 Closure of Both Pulmpnary artery 78 - 102
banding before closure
Pulmonary artery
VSD, ASD, PDA 2 6.7 banding, PDA ligation 98-102
VSD, PH 1 3.3 VSD closure 85
VSD, PS 1 33 VSD closure, pulmonary 33
valvotomy
PAPVR 1 3.3 Total repair 112
TAPVR 2 6.7 Total repair 94 -116
COA 1 3.3 Coarctectomy 97
Complete AV canal 2 6.7 Total repair 78 -114

ASD: Atrial Septal Defect; AV: atrio-ventricular; COA: coarctation of Aorta; DORV: Double outlet right ventricle;
PAPVR: partial anomalous pulmonary venous return; PDA: patent ductus arteriosus; PH: pulmonary
hypertension; PS: pulmonary stenosis; RVOT: right ventricular outflow tract; TAPVR: total anomalous
pulmonary venous return; TGA: transposition of great arteries; TOF: tetralogy of Fallot; VSD: ventricular septal
defect.
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Cyanotic Acyanotic P value
Group (n=30) Group (n=30)
Mean £SD 85.4+12 99.9+13 0.0001*
Range (65-113) (78-126)
Number % Number % 0.004**
Very gifted or highly advanced 0 0 0 0
Gifted or very advanced 0 0 0 0
Superior 0 0 2 6.7
High average 1 3.3 7 23.3
Average 9 30 15 50
Below average 9 30 3 10
Border line impaired or delayed 8 26.7 3 10
Mildly impaired or delayed 3 10 0 0
Moderately impaired or delayed 0 0 0 0

* T test is statistically significant at level of confidence of 95%.
**Exact Fisher's test is statistically significant at level of confidence of 95%.

Table 4. Correlation between IQ with age at operation and duration after operation

1Q
C}gfj;lli);ic Acg};ii(;;ic Total
(n=30) m=30) _ ®760
Age at operation r -0.103 -0.183 -0.179
P-value 0.587 0.332 0.171
Duration after r -0.053 0.048 -0.133
operation P-value 0.78 0.0802 0.311

68

Table 5. Relation between 1Q and type of surgery among the children with congenital heart defects

Cyanotic group

Acyanotic group

(n=30) (n=30)
1Q Closed Open P- Closed Open P
(n=11) (n=19) value (n=11) (n=19) value

Mean =SD 88+11 84+13 0.381 104+14 98+13 0.323

Number % Number % Number % Number %
Very gifted or highly advanced 0 0 0 0 0 0 0 0
Gifted or very advanced 0 0 0 0 0 0 0 0
Superior 0 0 0 2(25) 0 0
High average 0 0 1 5.3 0 0 7 31.8
Average 6 54.5 3 15.8 0.293 5 62.5 10 455 0.045
Below average 2 18.2 7 36.8 1 12.5 2 9.1
Border line impaired or delayed 2 18.2 6 31.6 0 0 3 13.6
Mildly impaired or delayed 1 9.1 2 10.5 0 0 0 0
Moderately impaired or delayed 0 0 0 0 0 0 0 0

Discussion

Cognitive functions were measured by I1Q of the study participants, showed that most of
study participants had average 1Q, yet those with cyanotic CHD had statistically lower 1Q
(p<0.001). IQ score was higher with higher oxygen saturation among both acyanotic and cyanotic,
although this difference was insignificant (p= 0.308). The early life hypoxia prior to the surgical
intervention maybe responsible for the long standing IQ decline among those with cyanotic CHD,
which was suggested to be the cause of preoperative focal white matter lesions detected among
21- 40% of infants with cyanotic CHD (12, 13). Infants with CHD were reported to have smaller
brain measures in the frontal lobe, parietal lobe, cerebellum, and brainstem, with the frontal
lobe and brainstem displaying the greatest alterations. A smaller brain size in the frontal and
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parietal lobes correlated with delayed white matter microstructure reflected by diffusion
imaging.

Others justified lower cognitive functions that may be associated with cyanotic CHD, to
cerebral accident due to polycythemia and microcytosis, particularly during blue spells (cyanosis)
or when blood viscosity is increased (14). In addition, in a study among adolescents with history
of corrective congenital heart defects, it was found that adolescents with cyanotic CHD had brain
volume reductions, more than adolescents with an acyanotic CHD, who also showed a significant
volume reduction compared with control subjects. This finding broadens the knowledge of how
cardiac disease severity affects brain development and injury (15).

The lower I1Q might reflect the effect of a combination of developmental vulnerability and
regional differences in cerebral circulation in children with cyanotic CHD. Hence, it may result
in neurodevelopmental delays and lower intellectual functions. Thus the severity of the cyanotic
CHD maybe an important predictor for intellectual functioning; i.e : the more severe the heart
defect, the higher the risk for lower intellectual functioning and poorer academic performance
(16). We did not asses the 1Q before the operative intervention, and the children did not undergo
brain imaging pre-operatively, hence we are not aware if the early life hypoxia was responsible
for the lower 1Q. We did not perform brain imaging for our studied cohort as it was beyond the
scope of the current study, yet it seems important to evaluate if there is an underlying brain
organic lesion associated with this lower 1Q.

We did not asses the I1Q before the operative intervention, hence we do not know if the
surgical intervention was responsible for the lower IQ among those with cyanotic CHD. There
was no correlation between the age at operation, type of operation or duration of disease and the
lower I1Q among those with cyanotic CHD. Cardiac surgery is known to be associated with
hospital stay that is often longer than acyanotic group. This may be attributed to more
prevalence of complex open-heart surgery among them with more complications that requires
longer postoperative recovery, that may have risks of postoperative complications, thus intensive
postoperative care is needed (17).

The mean IQ did not differ among those who underwent closed or open cardiac surgery
among those with acyanotic CHD (p=0.323), yet the ANOVA demonstrated that the upper 1Q
among those with open cardiac surgery was high average while that among the closed was
average I1Q. Yet, it seems that in other centers the open cardiac surgery incites systemic
inflammatory response to the invasive procedure that causes post-operative cognitive function
delay in 43% of patients (15, 18).

There was no significant difference in IQ between cyanotic and acyanotic group based on
their age at undergoing corrective cardiac surgery (p= 0.171). Both underwent surgery within
the earliest 6 months of life and none was beyond the first year of life at operation. Delay in
surgical correction beyond 1 year of age, in children with CHD, has deleterious effects over
cognitive outcomes of these patients, due to having longer period of preoperative chronic cerebral
hypoxia. This cognitive outcome correlates with patients” scholar degrees, in older patients (6).
The varying durations of cyanosis, numbers of surgical procedures, and types of medical
management may imply a predisposition to that outcome (19).

It should be mentioned that one limitation of the current study is that there was no available
data about the study sample IQ preoperatively, thus it cannot be determined if the neuro-
intellectual delay is either due to the severity of the congenital heart defect, and/ or aggravated,
by the invasiveness of the major cardiac surgery. Secondly, no available data about the other
factors that could have contributed to the etiology of these neurological abnormalities; as one
potential cause is abnormal cerebrovascular blood flow dynamics in utero, that may cause lower
oxygen content due to intra-cardiac mixing and cardio pulmonary bypass microembolization
affection in IQ which can assessed post operatively.

Children with cyanotic CHD need educational and vocational support to help them lead a healthy
productive life. IQ, hearing and visual assessment are mandatory, as children with CHD are
known to be prone to cognitive dysfunction and deafness.

Conclusion

Children with congenital heart defects may have cognitive dysfunction. Children with
cyanotic CHD have significantly lower 1Q values than those with acyanotic CHD. No significant
differences in IQ were found between patients who underwent closed and open heart surgery.
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