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Abstract
Introduction and the Αim: 2D and 3D biometry measures can record the increased development of the 

fetal brain in the later part of gestation. The objective of this study is to determine whether or not the frontal 
brain regions of fetuses with congenital heart disease (CHD) are smaller than those of healthy controls.

Patients and Μethods: The fetal Medicine unit of the Ain Shams University Maternity Hospital car-
ried out a comparative cross-sectional study, including 140 normal fetuses and 140 fetuses with isolated 
CHD evaluated between 20 and 39 gestational weeks at our fetal medicine unit in the period November 
2021–September 2023

Results: Our results showed the occipito-frontal diameter (OFD) and frontal antero-posterior diam-
eter (FAPD) utilising ultrasonography. FAPD Mean±SD: 26.53±10.44, OFD Mean±SD: 89.14±28.34, and 
FAPD/OFD Mean±SD: 0.29±0.05. The OFD Mean±SD was found to be 82.18±18.42, the FAPD Mean±SD 
to be 31.68±6.58, and the FAPD/OFD Mean±SD to be 38.70±2.15. Our results showed that 0.7% of pa-
tients exhibited anomalies related to the central nervous system, such as dilated posterior fossa, vermis 
= 25mm, and aberrant posterior cranial fossa. The percentage of those with a history of CHD was 3.9%.
The history of CHD showed a statistically significant difference between the research groups. When examining 
comorbidities, surgical history, and the relationship between the other parameters and FAPD, OFD, and FAPD/
OFD, there was no statistically significant difference between the groups under investigation, except for CNS 
abnormalities and gestational age.

Conclusion, compared to normal fetuses, fetuses with CHD had shorter FAPDs and a lower FAPD/OFD 
ratio. Despite the fact that different types of CHD affect hemodynamics differently, there appears to be a 
common deficiency in the development of the frontal cortex.
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Introduction
Neonates with congenital heart disease (CHD), 

especially those with a univentricular heart architec-
ture, show evidence of delayed brain development 
and neurodevelopmental delay (NDD) prior to sur-
gery.1 Lately, it has been demonstrated that fetal CHD 
has uneven cerebral blood flow, delayed sulcation, 
and a smaller developing brain.2 This seems to be 
the consequence of changed hemodynamics, which 
suggests a reduced supply of oxygen to the brain, 
especially in fetuses with univentricular cardiac 
circulation.3 It's interesting to note that preliminary 
research on fetuses suggests that these biometric 
changes may be detected as early as the second 
trimester of pregnancy.

Furthermore, data suggests that the abnormal 
hemodynamics in newborns suffering from cata-
strophic CHD impact different parts of the brain, 
with the development of the frontal lobe being more 
severely disrupted, especially in cases where the 
heart architecture is univentricular.4 It looks that 
early fetal research had similar results.5 However, 
the method employed—which depended on a three-
dimensional (3D) reconstruction of the fetal brain 
volume—was relatively intricate, and there aren't 

many data available.6 The objective of our study is to 
determine whether or not the frontal brain regions 
of fetuses with congenital heart disease (CHD) are 
smaller than those of healthy controls.

Patients and Methods
The fetal Medicine unit of the Ain Shams University 

Maternity Hospital carried out a comparative cross-
sectional study, including 140 normal fetuses and 
140 fetuses with isolated CHD evaluated between 
20 and 39 gestational weeks at our fetal medicine 
unit in the period November 2021–September 2023. 
All sonars were done by 4 specialists using the same 
protocols of measurements to avoid interindividual 
variability and increase reliability.

Two cohorts of singleton pregnant women were 
selected for prenatal treatment from the Ain Shams 
University Maternity Hospital’s outpatient obstetrics 
clinic: Study Group: Women with no extracardiac 
anomalies on fetal echocardiography who were di-
agnosed with fetal cardiomyopathy; Women in the 
control group had normal pregnancy and newborn 
outcomes, no significant cardiac or extracardiac 
abnormalities, and no restrictions on the develop-
ment of the fetus.

The study group (fetal echocardiography-based 
antenatal diagnosis of congenital heart disease and 
lack of extracardiac abnormalities) and the control 
group (no fetal growth restriction and a normal 
fetus without significant cardiac or extracardiac 
abnormalities) met the inclusion criteria.

To avoid misconceptions during the follow-up 
period, exclusion criteria include the following: the 
presence of twin pregnancy; limitations on fetal 
development to rule out syndromatic abnormalities; 
and associated extracardiac deformities to rule out 
syndromatic anomalies. 

The following tests were performed on each pa-
tient: Following a comprehensive clinical assessment 
that included an ultrasound examination, a detailed 

Figure 1. It shows the fetal head’s transventricular axial 
plane at 21 week gestational age.



61

Frontal Lobe Growth impairment in fetuses with congenital heart disease using Ultrasound parameters

volume 23, issue 1, JANUARY - MARCH 2024

history, a general examination, an abdominal ex-
amination, and investigations, each research subject 
provided their informed consent.

Sample Size Justification
It is anticipated that 140 women per group will 

be required to detect a difference between the two 
groups using the PASS 11 application to compute 
sample size. Metrics for results: The principal result 
in fetuses with CHD is affection of the frontal lobe; 
other brain areas follow later to the basic outcome.

Ethical Considerations
The ethics committee of the department of ob-

stetrics and gynaecology at Ain Shams University’s 
college of medicine authorised the study that would 
be presented. After informing the subjects about 
the goal and procedures of the study, volunteers 
gave their informed permission. The diagnosis will 
be used to convey the data, not the patient’s name.

Statistical methods
The collected data was coded, tabulated, and statis-

tically analysed using IBM SPSS statistics (Statistical 
Package for Social Sciences) software version 22.0, IBM 
Corp., Chicago, USA, 2013.

P <0.05 was used to determine statistical significance. 
All analyses were performed using Stata for Windows 
13.1 (Stata Corporation, College Station, TX, USA). Pro-
pensity score analysis was performed using the p score 
and attnd tools that Becker and Ichino implemented in 
Stata.  (Ichino and Becker, 2002).

Results
We evaluated 140 normal controls and 140 cases 

with isolated CHD, between 20 and 39 gestational 
weeks. Demographic data for each group are given in 
Table 1. There was no significant difference between 
the two groups regarding the age of women, Parity 
and gestational age. Table 2 showed a Comparison 

between normal and congenital heart disease regard-
ing surgical history and co-morbidities. With the 
exception of diabetes and consanguinity, there was 
no statistically significant difference in the surgical 
history or co-morbidities between fetuses with nor-
mal heart disease and those with congenital heart 
disease. Regarding DM and consanguinity, there was a 
statistically significant difference between congenital 
heart disease and normal heart disease. Regarding 
DM, HTN, Cardiac, Consanguinity, and Other CNS 
abnormalities with Relation to occipito-frontal di-
ameter (OFD), there was no statistically significant 
difference. Regarding medications, heart illness, 
cardiac history, and cardiac conditions, there was 
a very statistically significant difference (Table 3).

The relationship between frontal antero-posterior 
diameter (FAPD)/OFD and other parameters, includ-
ing surgical history, diabetes, heart disease, consan-
guinity, medications, other CNS abnormalities, and 
history of congestive heart failure, did not differ in 
a statistically significant way. With the exception of 
cardiac illness A statistically significant difference 
was seen in the relationship between cardiac heart 
disease and FAPD/OFD (Τable 4). Table 5 and figure 2 
show Correlation of FAPD, OFD and FAPD/OFD with 
other studied parameters in all cases. Regarding the 
correlations between age, parity, and gestational age 
and FAPD, OFD, and FAPD/OFD, there was no statisti-
cally significant difference. Regarding other CNS de-

Table 1. Demographic data and gestational age of 
the studied patients

Group I Group  II P value

Age 27.03 ± 3.11 27.1 ± 3.28 >0.05

Parity 1 (0 - 2) 1 (0-3) >0.05

0 – 8 0-7

Gestational age 30.21 ± 5.83 31.85 ± 6.1 >0.05

20 – 39 20-39
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fects, there was no statistically significant difference 
between congenital heart disease and normal heart 
disease. When it came to the history of congenital 
cardiac disease, there was a statistically significant 
difference between the two conditions (Τable 6).

There was no significant difference between the 
two groups regarding the age of women, Parity and 
gestational age.

Table 2. Comparison between normal and congenital heart disease regarding surgical history and co-
morbidities

Congenital heart disease Test value* P-value Sig.

Normal Congenital heart 
disease

n % N %

Surgical history No 69 49.3 61 43.6
0.919 0.338 NS

Yes 71 50.7 79 56.4

DM No 125 89.3 104 74.3
10.573 0.001 HS

Yes 15 10.7 36 25.7

HTN No 125 89.3 123 87.9
0.141 0.707 NS

Yes 15 10.7 17 12.1

Cardiac No 139 99.3 139 99.3
0.000 1.000 NS

Yes 1 0.7 1 0.7

Other No 132 94.3 124 88.6 2.917 0.088 NS

Hypothyroid 4 2.9 10 7.1 2.707 0.100 NS

SLE 0 0.0 1 0.7 1.004 0.316 NS

Hyperthyroid 1 0.7 1 0.7 0.000 1.000 NS

ITP 1 0.7 0 0.0 1.004 0.316 NS

Lupus 0 0.0 2 1.4 2.014 0.156 NS

Anemia 1 0.7 0 0.0 1.004 0.316 NS

Rhemuatoid arthritis 1 0.7 0 0.0 1.004 0.316 NS

Epileptic 0 0.0 1 0.7 1.004 0.316 NS

Poliomyositis 0 0.0 1 0.7 1.004 0.316 NS

Consanguinity No 126 90.0 109 77.9
7.652 0.006 HS

Yes 14 10.0 31 22.1

P-value >0.05: Non-significant (NS); P-value <0.05: Significant (S); P-value< 0.01: highly significant (HS)
*: Chi-square test

With the exception of diabetes and consanguin-
ity, there was no statistically significant difference 
in the surgical history or co-morbidities between 
fetuses with normal heart disease and those with 
congenital heart disease. 

Regarding DM and consanguinity, there was a 
statistically significant difference between congenital 
heart disease and normal heart disease. 
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Regarding DM, HTN, Cardiac, Consanguinity, and 
Other CNS abnormalities with Relation to OFD, there 
was no statistically significant difference. Regard-
ing medications, heart illness, cardiac history, and 
cardiac conditions, there was a very statistically 
significant difference.

The relationship between FAPD/OFD and other 
parameters, including surgical history, diabetes, 
heart disease, consanguinity, medications, other 
CNS abnormalities, and history of congestive heart 
failure, did not differ in a statistically significant way.

With the exception of cardiac illness A statistically 
significant difference was seen in the relationship 
between cardiac heart disease and FAPD/OFD.

Regarding the correlations between age, parity, 
and gestational age and FAPD, OFD, and FAPD/OFD, 
there was no statistically significant difference.

Regarding other CNS defects, there was no statisti-
cally significant difference between congenital heart 
disease and normal heart disease. When it came to 
the history of congenital cardiac disease, there was 
a statistically significant difference between the two 
conditions.

Discussion
Infants with CHD, especially those with a univen-

tricular heart architecture, show neurodevelopmen-
tal delay (NDD) symptoms prior to surgery2. CHD 

Table 3. Relation of OFD with other studied parameters in all cases
OFD Test value P-value Sig.

Mean ± SD Range

Surgical history No 88.06 ± 28.71 5.6 – 130
-0.594 0.553 NS

Yes 90.08 ± 28.09 5.04 – 172

DM No 89.94 ± 26.61 5.6 – 168
1.003 0.317 NS

Yes 85.54 ± 35.19 5.04 – 172

HTN No 89.34 ± 28.25 5.6 – 172
0.333 0.739 NS

Yes 87.57 ± 29.51 5.04 – 118

Cardiac No 89.12 ± 28.44 5.04 – 172
-0.168 0.867 NS

Yes 92.50 ± 3.54 90 – 95

Consanguinity No 89.04 ± 28.88 5.04 – 172
-0.130 0.897 NS

Yes 89.64 ± 25.66 8.9 – 168

Cardiac heart disease No 97.92 ± 19.93 7.35 – 130
5.442 0.000 HS

Yes 80.36 ± 32.56 5.04 – 172

Drugs No 91.84 ± 25.54 5.6 – 172
2.453 0.015 S

Yes 82.85 ± 33.32 5.04 – 166

Other CNS anomalies No 89.03 ± 28.41 5.04 – 172
-0.794 0.428 NS

Yes 105.00 ± 1.41 104 – 106

History of CHD No 89.97 ± 27.54 5.04 – 172
2.444 0.015 S

Yes 68.85 ± 40.19 9.68 – 107
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fetuses have uneven cerebral blood flow, delayed 
sulcation, and a smaller developed brain. These find-
ings are supported by recent studies. This appears 
to be related to altered hemodynamics, especially 
in fetuses with univentricular cardiac circulation, 
which explains why the brain receives less oxygen. 
Notably, early studies in the foetus appear to show 
that these biometric alterations can be identified as 

early as the second trimester of pregnancy. It has 
also been shown more recently that the aberrant 
hemodynamics in neonates do not impact all areas 
of the brain in the same way, with the frontal cortex 
experiencing a more marked delay in brain growth 
and maturation. This effect in the foetus has also 
been shown in preliminary studies3.

The results are consistent with those of Paladini 

Table 4. Relation of FAPD/OFD with other studied parameters in all cases.
FAPD/OFD

Test value P-value Sig.
Mean ± SD Range

Surgical history No 0.29 ± 0.06 0.14 – 0.53
-1.020 0.309 NS

Yes 0.30 ± 0.05 0.19 – 0.42

DM No 0.29 ± 0.05 0.14 – 0.53
-1.302 0.194 NS

Yes 0.30 ± 0.04 0.20 – 0.39

HTN No 0.29 ± 0.05 0.15 – 0.53
-0.786 0.433 NS

Yes 0.30 ± 0.05 0.14 – 0.39

Cardiac No 0.29 ± 0.05 0.14 – 0.53
0.221 0.825 NS

Yes 0.29 ± 0.01 0.28 – 0.29

Consanguinity No 0.30 ± 0.05 0.14 – 0.53
1.111 0.268 NS

Yes 0.29 ± 0.05 0.21 – 0.44

Cardiac heart disease No 0.29 ± 0.05 0.14 – 0.48
-2.422 0.016 S

Yes 0.30 ± 0.06 0.19 – 0.53

Drugs No 0.29 ± 0.06 0.15 – 0.53
-0.417 0.677 NS

Yes 0.30 ± 0.05 0.14 – 0.39

Other CNS anomalies No 0.29 ± 0.05 0.14 – 0.53
-0.898 0.370 NS

Yes 0.33 ± 0.06 0.29 – 0.37

History of CHD No 0.30 ± 0.05 0.14 – 0.53
1.188 0.236 NS

Yes 0.28 ± 0.05 0.23 – 0.39

Table 5. Correlation of FAPD, OFD and FAPD/OFD with other studied parameters in all cases
FAPD OFD FAPD/OFD

r P-value r P-value r P-value

Age 0.074 0.218 0.080 0.180 0.026 0.672

Parity 0.102 0.089 0.080 0.182 0.084 0.165

Gestational age 0.598** 0.000 0.764** 0.000 0.108 0.075



65

Frontal Lobe Growth impairment in fetuses with congenital heart disease using Ultrasound parameters

volume 23, issue 1, JANUARY - MARCH 2024

was 16.1%. There were 50.0% of cases of congenital 
heart illness. Thirty percent of people used drugs. 
13.9% of insulin Aldomet was 6.8%.

The purpose of the study by Al-Fahham et al. was 
to ascertain the role of fetal echocardiography in the 
early identification of fetal cardiac anomalies. They 
found that perinatal factors for CHD were present in 
65.3% of the pregnant mothers who were referred; 
consanguinity was detected in 31.7% of the cases; 
medication use was documented in 4.9% of the 
cases; and maternal illness was present in 22.8% 
of the cases (diabetes in 10.9%, lupus in 6.9%, and 
hypertension in 4.8%).

Our results showed the OFD and FAPD utilising 
ultrasonography. FAPD Mean±SD: 26.53±10.44, OFD 
Mean±SD: 89.14±28.34, and FAPD/OFD Mean±SD: 
0.29±0.05.

The OFD Mean±SD was found to be 82.18± 18.42, 
the FAPD Mean±SD to be 31.68±6.58, and the FAPD/
OFD Mean±SD to be 38.70±2.15, according to Pala-
dini et al. These results are consistent with our 
observations.

Table 6. Comparison between normal and congenital heart disease regarding Other CNS anomalies and 
History of CHD

Congenital heart disease Test value* P-value Sig.

Normal Congenital heart 
disease

n % N %

Other CNS 
anomalies

No 140 100.0 138 98.6
2.014 0.156 NS

Yes 0 0.0 2 1.4

Other CNS 
anomalies

No 140 100.0 138 98.6

2.014 0.365 NS
Dilated posterior fossa, Vermis 

= 25 mm
0 0.0 1 0.7

Abnormal posterior cranial 
fossa

0 0.0 1 0.7

History of 
CHD

No 138 98.6 131 93.6
4.637 0.031 S

Yes 2 1.4 9 6.4

Figure 2. Correlation of FAPD with gestational age in all cases.

et al., who found that there was a mean difference of 
33.2±4.1, 28.3±5.4, and 37±2 weeks between the ma-
ternal age (years) and the GA at diagnosis (weeks)7.

The current study included co-morbidities such as 
heart disease (0.7%), diabetes (18.2%), hypertension 
(11.4%), and surgical history (53.6%). Consanguinity 
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Our results showed that 0.7% of patients exhibited 
anomalies related to the central nervous system, 
such as dilated posterior fossa, vermis = 25 mm, and 
aberrant posterior cranial fossa. The percentage of 
those with a history of CHD was 3.9%.

Babies and fetuses with CHD show lower brain 
sizes, delayed brain development, and nonverbal 
dementia, especially in those with univentricular 
cardiac architecture. It is noteworthy that preliminary 
research on the fetus seems to indicate that these 
biometric changes can be detected as early as the 
second trimester of pregnancy6.

Recent research has also demonstrated that the 
abnormal hemodynamics in newborns affect different 
parts of the brain, with the frontal cortex showing 
a more pronounced delay in brain development2. 
Preliminary study has also demonstrated this be-
haviour in fetuses. The method used to assess the 
preferential limitation of frontal lobe growth due to 
the fetal brain volume was a bit complex because it 
used 3D reconstruction8.

The current study identified no statistically signifi-
cant variations in surgical history or co-morbidities 
between individuals with and without congenital 
cardiac disease, with the exception of DM and con-
sanguinity. There was a statistically significant differ-
ence between congenital heart disease and normal 
heart disease with regard to DM and consanguinity.

Our results showed that there was no statistically 
significant difference between congenital heart dis-
ease and normal heart disease in terms of other CNS 
abnormalities. There was a statistically significant 
difference in the history of congenital heart disease 
compared to normal heart disease.

Our data were in accord with the results of ZENG et 
al. (adjusted R2=0.916 for total intracranial volume, 
0.796 for frontal lobe volume, 0.864 for thalamus 
volume, and 0.852 for cerebellar volume). They 
found that in fetuses with congenital heart disease 
(CHD), the diagnostic category (P<0.001) was inde-

pendently associated with decreased brain sizes; the 
biggest differences were observed in cases of HLHS, 
which were followed by aortic hypoplasia, TGA, and 
TOF (P<0.001). Between the patients and controls, 
there was a significant difference in each structure 
and total intracranial volume. 9. Our results showed 
that there was no statistically significant association 
between FAPD, OFD, and FAPD/OFD and age, parity, 
and gestational age.

Our research showed no statistically significant 
difference in the association between FAPD and prior 
surgical experience, diabetes, hypertension, and other 
CNS disorders. There was a statistically significant 
difference in the association between FAPD and 
maternal cardiac disease and history of CHD.

Our results were consistent with PENG and Ruan’s, 
who found no significant difference in the distribu-
tion of FAPD/OFD ratios between fetuses with FGR 
and those without FCR (37.561.16 and 37.201.40, 
respectively; P=0.383). There was no significant 
difference seen in the FAPD/HC of fetuses with FGR 
and those without FCR (11.92±0.63 and 11.77±0.72, 
respectively; P=0.410)10.

In the current study, there was a statistically 
significant difference in the connection between 
gestational age and FAPD, OFD, and FAPD/OFD. 
There were statistically significant differences in the 
correlations between the OFD and gestational age, 
age, and parity. There was no statistically significant 
difference in the connection between age and parity, 
FAPD, and FAPD/OFD respectively.

The groups with left-heart lesion or univentricu-
lar heart and all other CHDs had significantly lower 
FAPD/OFD ratios compared to normal fetuses (P 
<0.0001). There was no statistically significant dif-
ference seen between the two CHD groups. The as-
sociation between FAPD and the history of CHD, DM, 
HTN, heart, consanguinity medications, and surgical 
history was not observed to vary significantly in the 
current study.
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Trends in the FAPD and FAPD/OFD ratio can be 
used to identify changes in the fetal frontal lobe 
during pregnancy. Our results show that while the 
FAPD/OFD ratio is generally steady, it did show 
some slight fluctuations during fetal development. 
These changes suggest that different regions of the 
brain grow at different rates. Myelination begins in 
the third or sixth month of fetal development. The 
next regions that get myelination are the internal 
capsule, occipital, splenic, parietal, temporal, frontal, 
and genu white matter areas11,12.

Conclusion 
Fetuses with CHD had shorter FAPDs and a lower 

FAPD/OFD ratio than normal fetuses. All types of 
congestive heart failure seem to have this delayed 
growth of the brain’s frontal lobe, regardless of the 
impact on hemodynamics.

Strengths and weaknesses of the study
The comparatively high number of cases and 

controls, together with the straightforward approach 
that can be readily applied to saved photos, are two 
of the study’s strengths. The very limited number of 
cases in each of the CHD categories is a restriction 
that made it impossible to conduct a thorough study 
by type of CHD. Our use of a two-dimensional tech-
nique, presuming that the maximal cross-section of 
the frontal lobes corresponds to the cerebral region 
delineated by the frontal and parietal bones laterally 
and a line crossing tangential to the posterior bound-
ary of the CSP, is another drawback. Nevertheless, 
we believe that this straightforward technology is 
adequate because it may indicate a considerable 
regional deficit in brain development.

Summary-significance of the study
Foetuses with CHD have decreased brain develop-

ment in the frontal lobes. Regardless of how the vari-
ous forms of CHD affect hemodynamics, this appears 

to happen in all of them. This study demonstrates 
that the foetal frontal cortex’s poor development 
is linked to the abnormal hemodynamics brought 
on by congenital heart disease. To determine if the 
decreased growth is linked to anomalies in this area, 
more research is required to match these results with 
assessments of frontal cortical maturation.
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