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Abstract

Background

Continued progress in eatly diagnosis and therapeutic options has contributed to the increased survival of infants with CHD with
attendant NDD which is of profound personal and public health significance.

Aim

To determine the prevalence and patterns of neuro-developmental problems in children with CHD.

Methods

A cross-sectional study consisting of 40 children with CHD attending the Cardiology clinic of University of Nigeria Teaching
Hospital (UNTH), as well as 40 age and gender-matched controls with no heart disease recruited from children’s outpatient and
well-baby clinics. A semi-structured pretested questionnaire was used in documenting socio-demographic data. General and systemic
examinations including cardiovascular and central nervous system assessments were done. The echocardiography report from UNTH
was reviewed and the type of CHD documented. Neurodevelopmental assessment using The Malawi Developmental Assessment
Tool (MDAT) was carried out by the researchers. Data were analysed using IBM Statistical Package for Social Sciences (SPSS 20.0
version). Chi-Square were used to compare age and gender and other demographic variables with Yates correction where appropriate.
Bivariate analysis was performed using the type of CHD to identify cardiac lesions associated with NDD. Significant statistical level
was set as a p-value < 0.05.

Results

Forty subjects and 40 controls aged 6-60months with a male to female ratio of 3:2 were studied. Thirty-seven (92.5%) of the subjects
had one or more symptoms of CHD. NDD was noted in 23 (57.50%) children with CHD compared to six (15.0%) of the controls.
(x = 15.63, p< 0.0008). The differences in the number of children with delay across all domains for both groups were (p= <0.001).
While 17 (42.5%) patients with CHD had a delay in more than one domain (global delay), none of the control had a delay in more
than one domain. The difference in the number of domains with NDD for patients and their controls was statistically significant
(p<0.001). Though there is no significant correlation between age (y2 =7.243; p = 0.203) and gender (x2 =0.017; p = 0.896) of
children with NDD, the younger age group were more affected. NDD was also commoner in children with Tetralogy of Fallot (TOF)
5 (62.5%).

Conclusion

NDD was common in children with CHD and a significant number had a global delay when compared with their controls.
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Introduction children noted a prevalence of children with cardiac disease
Congenital heart disease is one of the most common as 2.2% per 1,000 live births. The commonest CHD seen in

birth defects accounting for nearly one-third of all major
congenital anomalies'”. It may occur as a complex cardiac
anomaly with several associations with associated morbidity
and mortality”. The prevalence of CHD varies from
countries and races. For instance, in China, Xiaocheng’ et
al in their study among 1,817 children with CHD noted the
overall prevalence of 16.4 per 1,000 live births. It is noted in
Asia, the highest CHD birth prevalence, at 9.3 per 1,000 live
births. Their findings in Europe was significantly higher than
in North America with 8.2 per 1,000 live births and 6.9 per
1,000 live births, respectively"*>. In the United States, CHD
affect almost 1% of births, which translates to about 40,000
children per yeat®. The prevalence of CHD was also noted
in Enugu; the target area of the current study. For instance,
Chinawa et al’, in Enugu, South East Nigeria, among 31,795

their study was VSD and followed by TOE

NDD are among the most common extra-cardiac
complications affecting about 20 - 30% of newborn with
CHD. Schmitt et al [10] documented a prevalence of NDD
among newborn with CHD as 9.8% and noted that this was
almost tripled in children with down syndrome. Furthermore,
Feldmann et al'® had noted various degrees of intellectual
impairments in children with CHD. They noted impairment
in cognitive and executive function to be worse in children
with uni-ventricular heart defect compared with those with
ventricular septal defect.

Studies on NDD in children with CHD are scanty in Nigeria
and in Enugu, South east Nigeria. Features of NDD is often
misdiagnosed or neglected. This missed diagnoses may lead
to reduced intelligent quotient (IQ) scores in school ™. If
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the children with NDD are left without any intervention,
at the stage of adolescent, they may develop worsening
executive function, and challenges in independent living'>
As a result of late interventions for children with NDD
in the region, their optimal functioning is not achieved as
depicted by many of them not having access to any form
of education and impairment in expressive language ability™>.

Studies done on neuro-developmental outcome of children
in the study locality has been on the general population, and
none has been done on children with CHD.

This study explored the prevalence and patterns of neuro-
developmental problems of children with CHD at the
University of Nigeria Teaching Hospital (UNTH) Enugu and
compared it with that of their age and sex-matched children
without CHD. It will leverage the specialist cardiology clinic
in UNTH Enugu, to institute early screening for identification
and early interventions on NDD, to improve prognosis and
enhance children’s access to evidence-based care by trained
health providers. It will also contribute to the literature in
Nigeria and in Africa generally.

Methods
Study design

This was a cross-sectional study done at the Paediatric
Catdiology and Out-patient Clinics of UNTH Ituku/Ozalla
Enugu, Nigeria from February to April 2023. Patients and
control were recruited consecutively until the sample size is
reached.

Study population

Forty subjects and 40 controls with CHD with no form
of heart disease as controls matched for age and gender.
Children with CHD whose parents gave consent were
included in the study. Those excluded from the study were:
Children with clinically recognizable genetic syndromes such
as Downs’ syndrome, Turners syndrome, those with extra
cardiac congenital anomalies such as hydrocephalus, cleft lip
and palate, those with confirmed diagnoses of other chronic
illnesses such as chronic kidney disease, chronic liver disease,
Human Immunodeficiency Virus (HIV) infection and sickle
cell anaemia.

Those with a history of either hypoxic-ischaemic
encephalopathy at birth or severe hyperbilirubinemia in
the neonatal period or prematurity (Children born before
37 completed weeks), children already diagnosed with
neurologic and neuro-developmental disorders, such as
cerebral palsy and seizure disorder, attending the Paediatric
neurology clinic were also excluded.

Ethical consideration

Ethical approval was obtained from the Health Research
Ethics Committee of the University of Nigeria, Ituku-Ozalla
(UNTH), while informed consent was obtained from the
parents or caregivers of all participants. The children found
to have NDDs were referred to the Neurology Clinic of
UNTH for follow-up. Parents and caregivers were counseled
on ways to stimulate their children’s development.

Data collection and subject handling

A structured validated questionnaire was used to obtain
socio-demographic and perinatal data. This questionnaire
had been used by other studies and validated by Gladstone®
et al. The questionnaire was validated after preliminary
and qualitative studies. The validation involved the use of

a draft developmental assessment tool which comprised
of 162 items in four domains. In the course of the content
validity testing, they expanded the draft tool to 185 items.
This was used in the assessment of 1,426 normal rural
children less than six year of age from rural Malawi. Finally,
136 items were included the questionnaire after removing
all cofounders. The tool was validated by comparing age-
matched normal children with those with 120 children with
malnutrition and 80 children with neurodisabilities. Validity
was achieved for items within 94%-100% and with kappas
scores of >0.4 for inter-observer immediate, delayed, and
intra-observer testing.

This scale is locally developed in Africa and as such is
culturally relevant tool designed as an African tool and created
for African children. It shows good reliability, validity, and
sensitivity for assessing children with neuro-disabilities®".

General and systemic examinations, including cardiovascular
and neurological assessment, were done by the researchers
and findings were documented. For children with CHD, the
echocardiography report from UNTH was reviewed, and the
type of CHD was documented. The neurodevelopmental
assessment was subsequently done by the Researchers using
The Malawi Developmental Assessment Tool (MDAT). This
was done in a quiet consulting room, with a parent present,
and each lasted for about 30 £ 10 minutes. 34 items were
tested in each domain. Some items needed only the parent’s
report, while some required passive observation and the
rest items required direct administration to the child. The
assessment started with the calculation of the child’s age
from the date of birth given by the mother. Test items
were then administered, starting from the less specialized to
advanced: social, fine motor, language, and then gross motor.
The starting column was based on the child’s chronological
age, using the normal reference range. The child’s age was
located on the X-axis and a vertical line was drawn at that
point. The child will be tested for items that intersect the
line, then tested forward until the child failed 6 consecutive
items, and thereafter the child was tested backwards from
the chronological age until the child passed 6 consecutive
items. An appropriate box for each item tested was checked.
The right response is “Passed”,“failed” or “don’t know”
were scored for each item. ‘Don’t know” scoring was used
when a pass or fail can’t be given by the examiner. If the
child failed two or more items below or to the left of the
line (the vertical line that intersects the child’s age on the X
axis), the child failed the domain which means some delay
in the domain. If the child passed all the items or failed
only one item below the line for his age, the child passed
the domain which signified normal development or no delay
in the domain. The researchers collated each assessment
and identified children with isolated neurodevelopmental
domain delay, NDD in more than one domain (Global
Developmental delay), and no NDD.

Social class estimation

This was calculated using mother’s education and fathers’
occupation as shown in appendix 1. The mean of four scores
(two for the father and two for the mother) to the nearest
whole number is the social class to be assigned to the child.

Definition of Terms

The Malawi Developmental Assessment Tool (MDAT) is
a culturally acceptable and widely used tool for assessing
Neuro-developement patterns in children. This is validated
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and widely used in children.

No NDD - no delay is seen in any of the developmental
domains.

NDD - a child failed to attain developmental milestones
when compared to children of the same age range; when a
child has a delay in any of the domains of development.

Global developmental delay- a significant delay is noted in
two or more domains in children less than 5 years.

Social delay only - isolated delay in social domain.
Gross motor delay only - isolated developmental delay in
gross motor domain.

Table I: Socio-demographic characteristics of the study population

NDD. Significant statistical level was set as a p-value < 0.05.
The Malawi Developmental Assessment Tool (MDAT) was
used to assess domains of NDD in children with CHD

Results

The study was carried out on forty children with CHD aged
6 months to 5 years and 40 children with no form of heart
disease matched for age and gender as controls. There were
more males than females in both groups in a ratio of 3:2.
There was no significant difference in the socioeconomic
class of both subjects and controls; however, the majority of
children were from low socioeconomic class. (Table I)

Variable CHD (n=40) Controls Total X p-value
(n=40)

Age group (Months) <0.01 1.000

<12 13(32.5) 13(32.5) 26(32.5)

12-23 11(27.5) 11(27.5) 22(27.5)

24-35 8(20.0) 8(20.0) 16(20.0)

36-47 3(7.5) 3(7.5) 6 (7.5)

48-59 1(2.5) 1(2.5) 2(2.5)

60 or > 4(10.0) 4(10.0) 8(10.0)

Gender <0.01 1.000

Male 24(60.0) 24(60.0) 48(60.0)

Female 16(40.0) 16(40.0) 32(40.)

Socioeconomic class 0.251 0.882

Upper 8(20.0) 8(20.0) 16(20.0)

Middle 14(35.0) 16(40.0) 30(37.5)

Lower 18(45.0) 16(40.0) 34(42.5)

¥*> = Chi-square

Fine motor delay only - isolated developmental delay in fine
motor domain.

Language delay only- isolated developmental delay in
language domain.

Data Analysis

Data collected were recorded and analysed using IBM
Statistical Package for Social Sciences (SPSS) version
20. Data was represented in tables, using figures where
appropriate. Type of cardiac lesion were placed in frequency
and percentage. Chi-Square were used to compare age and
gender and other demographic variables with Yates correction
where appropriate. Bivariate analysis was performed using
the type of CHD to identify cardiac lesions associated with

One or more symptoms or signs of CHD, such as chronic
cough, progressive weight loss, easy fatigability, bluish
discolouration, displaced apex beat and cardiac murmur,
were documented in 37 (92.5%) patients.

Types of heart lesions in children with CHD

A total of 27 (67.5%) children with CHDs had acyanotic
CHD and the most common lesions were ventricular
septal defects (37.5%), followed by patent ductus arteriosus
(12.5%). Of the cyanotic type, majority of patients had
tetralogy of Fallot and constituted 20% of all cardiac lesions
in the patients. (Table 1I) None of these patients have had
any intervention for their heart defect.
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Table II: Types of cardiac lesions in children with CHD

Type of CHD Frequency ( % of overall
CHD)
Acyanotic CHD 27(67.5)
Cyanotic CHD 13 (32.5)
Types of Acyanotic CHD
Ventricular septal defect (VSD) 15 (37.5)
Patent Ductus Arteriosus (PDA) 5(12.5)
VSD + PDA 4(10.0)
Atrial septal defect (ASD) 3(7.5)
Types of Cyanotic CHD
Tetralogy of Fallot 8(20.0)
Total anomalous pulmonary venous drainage (TAPVD) 2(5.0)
Tricuspid atresia 2(5.0)
Double outlet right ventricle (DORV) 1(2.5)
TOTAL 40 (100)

Table III: Different domains of NDD in children with CHD and controls

Domains CHD Controls Fisher’s
(n=40) (n=40) Test
Gross motor delay
Yes 18(45.0) 1(2.5) 0.000
No 22(55.0) 39(97.5)
Fine motor delay
Yes 13(32.5) 1(2.5) <0.001
No 27(67.5) 39(97.5)
Language delay
Yes 13(32.5) 2(5.0) 0.003
No 27(67.5) 38(95.0)
Social delay
Yes 14(35.0) 2(5.0) <0.000
No 26(65.0) 38(95.0)
Table IV: Number of domains with NDD in the study participants
Number of domains CHD (n=40) Controls (n=40) Fisher's p-value
Test
None 19(47.5) 34(92.5) 58.420 <0.001*
One 4(10.0) 6 (7.5)
Two 7(17.5) 0(0.0)
Three 3(7.5) 0(0.0)
Four 7(17.5) 0(0.0)

*= Statistically significant, Percentage in parenthesis
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Table V: Comparison of NDDin Acyanotic and Cyanotic Participants

Neuro-Developmental Type of CHD
Domain Acyanotic Cyanotic Total X2 p
Delay
Yes 14 (51.9) 9(69.2) 23(57.5) 1.08 0.30
No 13 (48.1) 4(30.8) 17(42.5)
Total 27 (100.0) 13 (100) 40(100)
Gross motor
Yes 11 (40.7) 7 (53.8) 18 (45.0) 0.61 0.44
No 16 (59.3) 6 (46.2) 22 (55.0)
Total 27(100.0) 13(100.0) 40(100.0)
Fine Motor
Yes 10 (37.0) 3(23.1) 13(325)27  0.78 0.38
(67.5)
No 17 (63.0) 10 (76.9)
40(100.0)
Total 27(100.0) 13(100.0)
Language
Yes 8(29.6) 5 (38.5) 13 (32.5) 0.31 0.58
No 19 (70.4) 8 (61.5) 27(67.5)
40(100.0)
Total 27(100.0) 13(100.0)
Social
Yes 7(25.9) 7(53.8) 14 (35.0) 0.01 0.08
No 20 (74.1) 6 (46.2) 26(65.0)
Total 27(100.0) 13(100.0) 40(100.0)
Global delay
Yes 9(33.3) 8 (61.5) 17 (42.5) 2.86 0.09
No 18 (67.7) 5(38.5) 23 (57.5)
Total 27(100.0) 13(100.0) 40(100.0)
Table VI: Distribution of NDD by age
Age group Any delay
In months Yes No Total (%) X2 P
<12 8(34.7) 5(294) 13 (32.5) 7.243 0.203
12-<24 9(39.1) 2(11.8) 11(27.5)
24-<36 3(13.0) 5(294) 8(20.0)
36-<48 287 1(59) 3(7.5)
48-<60 0(0.00 1(59) 1(2.5)
60> 1(4.3) 3(17.6) 4(10.0)

https://dx.doi.org/10.4314/mmj.v37i2.6



Malawi Medical Journal 37 (2); (91-99) June 2025

Neuro-developmental problems among Children with Congenital Heart Diseases 96

NDD was noted in 23 (57.50%) children with CHD
compared to six (15.0%) of the controls. This was statistically
significant (y = 15.63, p< 0.0008). The NDDs noted were 18
(45%), 13 (32.5%), 13 (32.5%) and 16 (40%) for motor, fine
motor, language and social domains respectively.

For the controls, two children each had delay in the language
and gross motor domain while one child each had delay in
the social and fine motor domain as shown in Table I1I. The
differences in the number of children with delay across all
domains for both groups were statistically significant (p=
<0.001).

While 17 (42.5%) patients with CHD had delay in more than
one domain (global delay), none of the control had delay
in more than one domain (Table IV). The difference in the
number of domains involved in the NDD for patients and
their controls was statistically significant (p<<0.001).

Comparison of NDD in Acyanotic and Cyanotic
Participants

Out of the 27 children with acyanotic heart lesion and 13
with cyanotic lesion, 14 (51.9%) and 9 (69.2%) respectively
had delay in at least one domain (Table V). The difference
in the number of children with acyanotic and cyanotic CHD
with NDD was not statistically significant (p=0.30).

There was no statistically significant difference between
children with acyanotic and cyanotic heart lesions for any of
the NDD (p= 0.05). See Table V

Age group 12 to < 24 months had the highest number and
proportion (9, 39.1%) of children with CHD that have any
form of developmental delay. There was no association
between age group and NDDin the patients (y2 =7.243; p
=0.203).

Also, 60.1% of those with delay were males (14 patients)
while 39.1% were females (9 patients). There was no

significant difference between the number with delay and sex
of the patients (x2 =0.017; p = 0.890).

Discussion

Congenital heart disease is on in the increase due to advances
in diagnosis®?®. This study had shown that children with
CHD had NDD in several domains compared to control.
The current study also revealed the prevalence of NDD
in children with CHD as 57.50% compared to 15.0% seen
in the controls®. Loblen et al noted a neatly similar higher
prevalence of 44% In NDD in CHD when compared to
the general population (44%). The finding in this study was
higher than that obtained from Naef et al”’. who noted a
prevalence of 5.3%. Geographical and racial differences as
well as a robust sample size of 233 used by Naef”’ et al could
explain these differences in prevalence values™*'. This study
noted a prevalence of 42.5% developmental delay in more
than one domain. However, Donofrio et al** documented
a higher prevalence of 75% in their series in children with
CHD presenting with more than 1 domain of developmental
delay. In their study, Bayley Scales of Infant Development
was used to assess cognitive, language, and motor skills and
this was done in 99 children in about 6 occasions in the first
3 years of their lives*. This present study did not follow up
their subjects and the study methods were different.

NDD was noted mainly in 45% of children with gross
motor delay compared with other domain of developmental
delay. In certain literature, where motor development of 194
children with CHD were compared with that of controls,

58.7% of the children with CHD had major deficits in gross
motor skills when compared with 21.9% seen in children
with no CHD* Similatly the finding of major neurological
defects seen among children with Tetralogy of Fallot
documented in this study was akin to that noted by Stich et
alPwhere children with TOF showed a significant decrease
in mean MQ than children with acyanotic heart disease™
Birna et al* in their work, documented a significant delay in
fine motor development in children with CHD compared
with children without CHD. Persistent low cardiac output,
metabolic acidosis and attendant hypoxia may explain this
phenomenon**.

Language and social NDD were also seen in 32.5% and
40% of children with CHD when compared with that seen
in 5% and 2.5% of controls respectively. This finding was
corroborated by Brandlistuen et al’’, who noted symptoms
of communication and social impairment among Children
aged 18 months™. A synopsis of genetic, environmental and
brain alterations that occurs before and after birth could
explain the impairment of language and social skills among
children with CHD>!-,

This study reveals no age or gender association in children
with CHD. In a study among 194 subjects with CHD,
though no difference was noted for gender, however,
older children showed more severe deficits compared with
younger children®*. In addition, the study also showed that
the proportion of children with neurodevelopmental among
cyanotic patients were more than acyanotic patients. This
may be due to effect of chronic hypoxia in the brain that
is common among the patients with cyanotic heart defects.
Similar findings were obtained by Uke et al*® in India.

The high sample size and methods of recruitment of
subjects could explain the age difference seen both studies.
Besides, it is important to note that developmental delay
in children with CHD is age dependent within the first
year of life, it manifests as delayed motor milestones, in
children. At adolescents, they have problems with executive
function, leading to difficulties in academic performance and
challenges in independent living™*’.

Conclusion

NDD was common in children with CHD, and a significant
number had a global delay when compared with their controls.
Though there is no significant correlation between age and
gender of children with NDD, the younger age group were
more affected. NDD was also commoner in children with
Tetralogy of Fallot (TOF).

Recommendation

Children with CHD should be screened eatly for NDD,
and urgent steps taken to follow them up so as to avert any
neurological sequel that may follow this disorder. Farly and
periodic neuro-developmental assessment in children with
CHD may enhance early identification of significant neuro-
developmental deficits. This allows for early intervention
with appropriate therapies and special needs services
for these children. Early intervention leads to enhanced
academic, behavioral, and adaptive functioning, and a better

quality of life.
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APPENDIX 1 [S2]

SOCITAL CLASSIFICATION SCHEME

SOCIAL CLASS PROFESSION EDUCATIONAL ATTAINMENT

I Professional, Senior public servants, Owners of large business | University graduates or equivalents
concerns, Senior military officers, large scale contractors.

I Non-academic professionals e.g. Nurses, Secondary school | School certificate holders and equivalent
teachers, Secretaries, Owners of medium sized business.
Intermediate grade public servants

Il Non manual skilled workers including clerks, typists, telephone | Grade Il teachers or equivalent
operators. Junior school teachers. Drivers

v Petty traders. Labourers. Messengers. Primary certificate
V Unemployed. Full time house wives. Students. Subsistence farmers. | No formal education
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