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Abstract  

Objective: To describe the cases of fetal congenital heart disease (CHD), the diagnostic 
discrepancy (DD) between pre- and postnatal echocardiography (echo) and their outcomes in a 
state tertiary facility in the Western Cape.  

Study design: A retrospective descriptive study was conducted on 106 cases of structural CHD 
diagnosed at the Groote Schuur Hospital (GSH) Maternal Fetal Medicine Unit (MFMU) between 
January 2018 and December 2019. Primary measurements included maternal obstetric data, fetal 
diagnosis, extracardiac and genetic abnormalities, pregnancy outcome, postnatal Echo results, 
intervention and outcomes (catheterisation, surgery).  

Results: At first presentation to the MFMU, median maternal age was 32 years (Interquartile range 
(IQR: 26 – 38 years), with a median gestation of 21 completed weeks (IQR: 19 – 25 weeks) and a 
mean BMI of 28.1 (± 6.8). Amniocentesis was performed in 43/106 cases (40.6%), with a positive 
genetic abnormality in 23/43(53.5%), highest in the IUFD group (75.0%). Of the cases diagnosed, 
21/106 were terminated (n=19.6%), intrauterine fetal death (IUFD) occurred in 21/106 cases 
(n=19.6%) with 62 live births (n=58.5%). In 2/106 cases there was no record of delivery (n=1.9%). 
DD rate was 16/47 (n=34.0%). Atrioventricular septal defect was both the commonest prenatal 
CHD diagnosis and most associated with DD.   

Conclusions: The DD rate of AVSD seen in the study carries important management implications 
both during pregnancy and in the immediate post-natal period, highlighting the critical importance 
of accurate fetal diagnosis. Increasing prenatal screening capacity, regular audit, and prenatal 
collaboration with paediatric cardiology may improve diagnostic accuracy. 

 

Key Words: 

Congenital heart disease, fetal echocardiography, diagnostic discrepancy 
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Introduction and Background  

Congenital heart disease (CHD) is the most common congenital anomaly with a global prevalence 
of 9.4 per 1000 live births in 2017. This follows an increase from 4.5 per thousand in 1970-1974.[1] 
Isolated septal defects and patent ductus arteriosus (PDA), the most common subtypes overall 
(57.9% of total disease burden), account for 93.4% of this increase, reflecting improved detection 
of milder, less clinically apparent forms.[2] Prenatal detection of mild CHD also contributes 
significantly to this increase in reported prevalence.[3] 

CHD prevalence rates in African countries are significantly lower, 2.3 per 1000 live births, likely 
related to sparse epidemiological data and lower detection rates.[1] South African data are limited 
but support this premise. The PROTEA (PartneRships in cOngeniTal hEart diseAse) project, a multi-
centre CHD registry, reported CHD sub-type prevalence that are incongruent with global CHD 
subtype trends.[4] For example, PROTEA reported lower cohort-prevalence rates of mild CHD-
subtypes (septal defects and aortic stenosis [AS]) and higher rates of severe subtypes 
(atrioventricular septal defects [AVSD], pulmonary atresia [PA] and double outlet right ventricle 
[DORV]) This reflects lower detection of milder subtypes relative to severe and more clinically 
apparent lesions. For example, the phenotype of Trisomy 21 (T21), commonly associated with 
CHD, is readily identified clinically, and routinely referred for cardiac assessment even if 
asymptomatic. This may possibly inflate the measured proportion of AVSDs. Additionally, reduced 
prenatal detection and subsequent reduced termination rates for severely anected pregnancies 
may contribute to the increased relative prevalence of severe CHD subtypes.[4] No South African 
data regarding prenatal diagnosis of CHD could be found, but it is likely that reduced prenatal 
detection contributes to the pattern of CHD subtypes seen postnatally. 

Globally, however, detection of CHD has increased as detailed sonographic fetal assessment has 
become routine in basic prenatal care. A study conducted in Sweden reflects the high-income 
country (HIC) context in which 97% of pregnant women have a routine fetal anomaly (FA) scan 
between 18-20 weeks’ gestation.[5] This is very dinerent from the South African situation in which 
only 68% of first prenatal visits occur before 20 weeks’ gestation, therefore limiting the opportunity 
for many pregnant women to obtain an optimally-timed FA scan.[6]  

Further, the impact of an accurate prenatal diagnosis in the immediate and short-term outcomes 
is significant. It informs prenatal counselling, termination, the mode and site of delivery as well as 
immediate neonatal management. Anticipation of CHD results in timely admission to Neonatal 
Intensive Care Units (NICU), reduced pre-operative mortality and cardiac arrest, reduced need for 
pre-operative ventilation and vasoactive medications, as well as lower total required dose of 
intravenous prostaglandin E-2 to maintain duct patency.[7]  

Measurement of the congruency between pre-and postnatal CHD diagnosis serves as a useful 
audit of the diagnostic modality, and this has been termed Diagnostic Discrepancy (DD). Precise 
definitions of DD vary between studies, but generally incorporates anatomical accuracy, prenatal 
counselling and termination of pregnancy, emergent neonatal management and outcomes.[8, 9] 
The majority of prior studies graded the degree of discrepancy into Minor (errors with limited 
clinical impact - unchanged complexity) and Major (where errors resulted in unanticipated 
escalation of resuscitation, expedited cardiac intervention or a worsening of prognosis - increased 
complexity). Discrete DD rates amongst these studies range from 9.5% to 50.9.[9-14].   

Several fetal and maternal factors have been identified that are associated with DD. Included are 
those which limit access to fetal Echo windows (fetal position and a higher gestation at 
assessment), and those which impact image quality (abdominal scars, amniotic fluid volume and 
raised maternal body mass index [BMI]).[10, 11, 15, 16] The enect of increased BMI can be 
mitigated by operator adaptability, performance of serial scans, and collaboration with paediatric 
cardiologists in the diagnostic process.[9, 14] Finally certain subtypes of CHD are inherently 
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subject to underestimation or misdiagnosis; these include PA, heterotaxy syndrome, Hypoplastic 
Left Heart Syndrome (HLHS) and valvular disease, as well as abnormal branching of the aorta and 
aberrant venous return. A large, single-centre study in China yielded a DD rate of 9.5%, 
predominantly in subtypes listed above.[13] 

Therefore, the detection of fetal CHD and its influence on outcomes are both important and 
complex, and South African data are scarce. The aim of this study, therefore, is to describe 
prenatally detected CHD, its subtypes, outcomes, DD as well as maternal characteristics that may 
influence this measure. 

Materials and method 

We conducted a retrospective observational study of prenatally diagnosed CHD in patients 
presenting to the Department of Health, Maternal Fetal Medicine Unit (MFMU) of Groote Schuur 
Hospital (GSH) during the period 1 January 2018 and 31 of December 2019. This period was 
selected to allow sunicient time for fetal cases to have been delivered as well as to have presented 
to Paediatric Cardiology Services. 

Data were collected from: the GSH MFMU Astraia database and the Red Cross War Memorial 
Children’s Hospital (RCWMCH) Paediatric Cardiology service of the Western Cape, Cardiology 
patient database and associated preoperative waiting list. GSH and RCWMCH hospitals provide 
tertiary services to 50% of sub-districts within the City of Cape Town Metropole health region and 
to three of the remaining five health regions of the Western Cape. This includes a population of 1.7 
million, approximately half of whom are women of childbearing age.[17] In the case of fetal CHD, 
MFMU assessment includes serial scans, with review by paediatric cardiologists in the case of 
diagnostic uncertainty. Counselling is provided in collaboration with clinical geneticists, and 
immediate post-delivery management plans are formulated by a multidisciplinary committee that 
includes obstetricians, neonatologists and paediatric cardiologists. Diagnostic amniocentesis for 
fetal DNA analysis is indicated in cases where prenatal sonographic findings suggest genetic 
abnormality.  Given the procedural risk and cost, testing is reserved for cases where the result will 
influence the management of the pregnancy. 

Cases were identified from the MFMU Astraia database and included all pregnancies with 
prenatally diagnosed fetal structural CHD. Isolated cardiomegaly, pericardial enusion, cardiac 
failure with non-immune hydrops and conductive or functional disorders (i.e. arrythmias, heart 
block) were excluded. Prenatal and peripartum data were extracted from the MFMU Astraia 
database. Postnatal data including postnatal diagnosis, intervention and outcomes were obtained 
from the Cardiology patient database and associated preoperative waiting list. The Western Cape 
Department of Health (WCDOH) administration system: Clinicom™ and electronic health records: 
Single Patient Viewer (SPV) and electronic Continuity of Care Record (eCCR) with primary source 
documents (patient folders, radiology and laboratory reports) were consulted to confirm 
ambiguous results or complement missing data. 

The primary objectives were to describe the pattern of fetal CHD subtypes as well as both 
pregnancy and neonatal outcomes. Additionally, we sought to determine the anatomical DD rate, 
quantify fetal chromosomal abnormalities and test the known association between fetal GA, 
maternal BMI and DD. 

Diagnoses were grouped and compared according to the classification system proposed by Botto 
et al [8],which groups lesions by their common pathoembryological origin. This system was 
chosen because it balances developmental and anatomical similarity with a manageable number 
of categories, ensuring sunicient statistical power for comparative analysis. The eight categories 
are conotruncal, atrioventricular septal defect (AVSD), anomalous pulmonary venous return 
(APVR), Left ventricular outflow tract obstruction (LVOTO), Right ventricular outflow tract 
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obstruction (RVOTO), Septal defects, Heterotaxy and Single ventricle (SV)/complex.[8] Two further 
categories, Tumour and Other, were added to accommodate lesions excluded from the 
classification system, specifically tuberous sclerosis and ectopia cordis. Finally, a third group, 
Situs Anomalies, was added to distinguish situs ambiguous (Heterotaxy) and situs inversus as 
distinct pathoembryological conditions. This group also includes isolated dextrocardia and right-
sided aortic arch. 

Given the purposes and constraints of this project, Diagnostic Discrepancy was defined 
exclusively by discordance in diagnosis, utilising the Botto et al. classification system, between 
antenatal and postnatal echo. Exceptions to this included prenatal diagnoses of isolated small 
ASD and aberrant subclavian artery that could not be detected postnatally. 

Statistical analyses were conducted in R (© The R Foundation, R 4.3.2 binary). Group comparisons 
were conducted to examine the associations between the dependent variable, diagnostic 
discrepancy, and several independent variables: maternal age, maternal BMI, gestational age at 
prenatal diagnosis, the total number of MFMU scans and the post-natal diagnosis. Group 
comparisons for continuous data were tested with the student’s t-test or Wilcoxon rank sum tests 
where data were not normally distributed. Group comparisons for the categorical variable post-
natal diagnosis was performed using Fisher’s exact test. The significance level was set at 0.05 for 
all tests. 

Institutional review board approval for this study was obtained from the University of Cape Town, 
Human Research Ethics Committee (HREC). A waiver of informed consent was granted as the 
study is a post hoc analysis of existing HREC-approved registries and databases. 

Results 

Within the 24-month research period, 7,717 pregnancies were assessed for fetal anomalies. 
Cardiac involvement was demonstrated in 153 cases, 106 of which had structural congenital heart 
disease. Median maternal age at first presentation to the MFMU was 32 years (Interquartile range 
[IQR:]: 26 – 38 years), with a mean maternal BMI of 28.1 (± 6.8) at the booking visit. The mean fetal 
gestational age at first booking was 13.9 completed weeks (± 5.5 weeks) with a median fetal 
gestational age of 21 completed weeks (IQR: 19 – 25 weeks) at the first MFMU visit. Participants 
received a mean of 3 (± 1) ultrasound examinations during their pregnancies.  

Of the CHD categories, AVSD (27/106, 25.5%) predominated, followed by septal defects (20/106, 
18.9%) and conotruncal lesions (20/106, 18.9%). Left Ventricular Outflow Tract Obstruction 
(LVOTO) lesions were diagnosed in 11/106 cases (10.4%), whilst Situs Anomalies and Right 
Ventricular Outflow Tract Obstruction (RVOTO) defects were found in 6/106 cases (5.7%) each. 
Similarly, for individual diagnoses, complete endocardial cushion defects predominated (27/106, 
25.5%), followed by ventricular septal defects (19/106, 17.9%), HLHS (9/106, 8.5%), situs inversus 
(5/106, 4.7%) and ecotopia cordis (4/106, 3.8%). See Table 1 for full details of individual 
diagnoses.  

Additional non-cardiac congenital anomalies were identified in 70/106 cases (66.0%). 
Amniocentesis and fetal DNA analysis was performed in 43 cases, with aneuploidy (n=22) or 
microdeletion (n=1) present in 23/43 cases (53.5%). 

Pregnancy Outcomes 

Of the 106 pregnancies with cardiac involvement there were 62 (58.5%) live births with 20 (18.9%) 
neonatal deaths (NND), 21 (19.6%) intrauterine fetal deaths (IUFD) and 21 (19.6%) pregnancy 
terminations (TOP). Additionally, in two cases no record of delivery could be found (1.9%), with 
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fetal diagnoses of truncus arteriosus with VSD, and Ebstein anomaly. Perinatal outcomes of each 
CHD category are illustrated in Figure 1. 
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Table 1: Prenatal Diagnoses (Botto et al. Classification, 2007), n = 106 

Category N (%) Fetal Diagnosis (n = 106) N (% of all CHD) 

AVSD 27 (25.5) AVSD 27 (25.5) 

Septal 20 (18.9) VSD 
ASD 

19 (17.9) 
1 (0.9) 

Conotruncal 20 (18.9) 

TGA, (3 IVS, 1 VSD) 
Truncus Arteriosus 
TOF 
TOF, AVSD 
PA, VSD 
DORV (1 AVSD-type, 2 TGA-type) 

4 (3.8) 
4 (3.8) 
3 (2.8) 
3 (2.8) 
3 (2.8) 
3 (2.8) 

LVOTO 11 (10.4) 
Hypoplastic left heart syndrome 
Coarctation of the aorta 
Hypoplastic aortic arch with VSD 

9 (8.5) 
1 (0.9) 
1 (0.9) 

Situs Anomaly 6 (5.7) Situs inversus 
Right-sided aortic arch 

5 (4.7) 
1 (0.9) 

RVOTO 6 (5.7) 

Ebstein’s anomaly 
Prenatal closure of ductus arteriosus 
Tricuspid atresia 
Hypoplastic right ventricle 
Pulmonary atresia 

2 (1.9) 
1 (0.9) 
1 (0.9) 
1 (0.9) 
1 (0.9) 

Other 6 (5.7) Ectopia cordis 
Aberrant subclavian artery 

4 (3.8) 
2 (1.9) 

Tumour 3 (2.8) Cardiac tumour 3 (2.8) 

Complex 4 (3.8) 

Single ventricle, NOS 
Single ventricle, mitral atresia/hypoplasia 
+ DORV 
Single ventricle, unbalanced AVSD + 
DORV 

2 (1.9) 
1 (0.9) 
 
1 (0.9) 

Not stated 3 (2.8)  3 (2.8) 
ASD – atrial septal defect, AVSD – atrioventricular septal defect, DORV – double-outlet right ventricle, IVS – intact 
ventricular septum, LVOTO – Left Ventricular Outflow Tract Obstruction, NOS – not otherwise specified, PA – pulmonary 
atresia, RVOTO - Right Ventricular Outflow Tract Obstruction, TGA – transposition of the great arteries, TOF – tetralogy of 
Fallot, VSD – ventricular septal defect 

The TOP cohort comprised of 8/21 AVSDs (38.1%), 4/21 (19%) ventricular septal defects (VSD) 
and 3/21 cases of ectopia cordis (14.3%). The remaining cases were single occurrences of HLHS, 
PA-VSD, right-sided aortic arch and DORV with AVSD. The diagnosis was not stated in two further 
cases. In the TOP cohort, 18/21 (85.7%) showed extracardiac anomalies, 15/21 (71,4%) 
underwent amniocentesis, of which 9/15 (42.9%) had genetic abnormalities (four with trisomy 13 
[T13], three with trisomy 18 [T18], as well as T21 and 22q.11 deletion in one case each).  

The IUFD cohort was also predominated by AVSD (8/21, 38.1%) and VSD (4/21, 23.8%), with 
conotruncal lesions including Tetralogy of Fallot (TOF), transposition of the great arteries (TGA) and 
PA-VSD at one case each. Complex lesions included 1 double inlet and outlet SV (unclear 
morphology) and 1 DORV with an unbalanced AVSD. There were single occurrences of ectopia 
cordis, HLHS, Ebstein anomaly, and a calcified ventricular mass (suspected rhabdomyoma). 
Extracardiac abnormalities occurred in 18/21 cases. Of the 8/21 cases (38.1%) that underwent 
amniocentesis, 6/8 (75%) were positive (three T18s, two T13s, and one with 47XX, baring a positive 
marker associated with Tetrasomy 9p Syndrome). The median GA of this cohort was 35 completed 
weeks (IQR: 28 – 38 weeks). 
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Figure 1 Sankey plot of perinatal outcomes (right) by prenatal diagnosis (left), n = 106 

All live births occurred at GSH, Figure 2Mowbray Maternity Hospital (MMH) and George Regional 
Hospital (GRH), with a mean GA of 35 completed weeks (IQR: 28 – 38 weeks). Neonatal deaths 
within the first 24 hours of delivery occurred in 10/62 (16.1%) neonates, primarily in the delivery 
area (labour ward or theatre). In these patients, prenatal diagnoses were: 3 VSD, 2 AVSD, 1 HLHS, 
1 DORV, 1 TGA, 1 truncus arteriosus, and 1 unknown. As illustrated in Figure 2, postnatal Echo 
results for this group were largely unavailable, except for one neonate, who had a congruent 
postnatal diagnosis of AVSD with TGA in left isomerism. Prenatal investigation showed 
extracardiac anomalies in 8/10 cases, with aneuploidy detected in 5 (four T18 and one T13) cases. 
The median gestational age at birth in this group was 34 completed weeks (IQR: 30 – 37 weeks). 

 

Figure 2: Flow diagram perinatal outcomes and the availability of postnatal echocardiography (echo) results 

A further 10/62 (16.1%) demised between day two and seven post-delivery. Prenatal diagnoses 
were: 4 HLHS, 2 PA-VSD, 1 TOF-AVSD and 1 hypoplastic right ventricle (RV). Prenatal lesions in a 
further two cases (1 AVSD and 1 TOF with an intact ventricular septum [IVS]) occurred in the 
context of multiple severe, life-limiting extracardiac abnormalities. Amniocentesis was not 
performed in either and both demised on day 2 of life (prior to Echo). Postnatal Echo results were 

Structural CHD 
(n = 106)

No birth/death record 
(n = 2)

Live Birth 
(n = 62)

No Echo 
(n = 15)

Demised before echo 
(n = 9)

Missed at birth (n = 2) 
Lethal syndrome (n = 2)
Missed OPD date (n =1) 

Echo not accessible (n = 1)

Postnatal Echo
(n = 47)

IUFD or TOP 
(n = 42)
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available for the remaining 8/10 neonates, congruent in all but 3/8 cases (37.5%, 2 HLHS and the 
TOF-AVSD). These were revised to Complex subtypes and included 1 SV (RV morphology) with 
common arterial trunk, 1 SV with coarctation, and 1 SV (right morphology) with both a double inlet 
right ventricle (DIRV)/DORV and coarctation. Prenatal investigation showed extracardiac 
anomalies in 4/10 cases, no genetic abnormalities detected in the four that were tested. The 
median gestational age at birth in this group was 38 completed weeks (IQR: 37 – 39 weeks).  
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 Table 2: Diagnostic Discrepancy 

Prenatal Diagnosis Postnatal diagnosis 
GA at 
Birth 

Extracardiac 
anomalies 

(amniocentesis) Outcomes Kingdom Phylum Kingdom Phylum 

AVSD  

AVSD LVOTO HLHS 39.0 
 

Demised - day 26 (palliated at home) 
AVSD Normal Normal Heart 37.7 

 
Discharged from Cardiac Services 

AVSD Normal Normal Heart 38.3 + Discharged from Cardiac Services 
AVSD Normal Normal Heart 36.1 + Discharged from Cardiac Services 

Conotruncal  

TOF AVSD AVSD 38.9 + Surgical Repair at 2 months 
TOF, AVSD Conotruncal DORV, TOF type 35.7 

 
DNA – suspected repatriation (DRC) 

TOF, AVSD Complex Single Ventricle, DIRV, DORV 
+ Coarctation 

37.9 + Demised - day 4 (palliated) 

LVOTO  

HLHS Complex Single ventricle, coarctation 37.4 
 

Demised in ICU before surgery could be done 
HLHS Complex Single ventricle, DILV + d-TGA 38.9 + Demised - day 37 of life, post cavopulmonary 

shunt, complicated by pleural effusions and 
sepsis 

HLHS Complex Single Ventricle + Common 
arterial trunk 

37.9 
 

Demised - day 4 (palliated) 

HLHS Complex Single ventricle, DIRV, DORV + 
Coarctation 

40.9 + (negative) Demised - day 4 (palliated) 

RVOTO Prenatal closure of 
ductus arteriosus 

Normal Normal Heart 35.6 + Discharged from Cardiac Services 

Septal  

VSD Conotruncal TOF 40.1 
 

Surgical Repair at 13 months 
Situs inversus + VSD Conotruncal Situs inversus, DORV, remote 

(uncommitted) VSD 
37.3 + Surgical Repair at 6 months 

VSD LVOTO VSD + coarctation of the aorta 33.9 
 

Surgical repair, after tracheoesophageal fistula 
repair 

VSD Normal Normal Heart 41.9 + (negative) Discharged from Cardiac Services 
AVSD – atrioventricular septal defect, DILV – double inlet left ventricle, DIRV – double inlet right ventricle, DNA – did not attend, DORV – double outlet right ventricle, HLHS – hypoplastic left heart syndrome, LVOTO – 
Left Ventricular Outflow Tract Obstruction, RVOTO - Right Ventricular Outflow Tract Obstruction, TGA – transposition of the great arteries (d = dextro), TOF – tetralogy of Fallot, VSD – ventricular septal defect  
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Diagnostic Discrepancy 

The rate of DD was measured in a subsample of 47/62 cases (75.8%) in which postnatal Echo 
results were available, with an account of the missing cases illustrated in Figure 2.   Subtype DD 
was present in 16/47 (34.0%) of the available postnatal echocardiograms and are summarised in 
Table 2. Subgroups AVSD and LVOTO shared the highest DD rate (4/7, 57% each). Revised prenatal 
AVSD diagnoses included 1 HLHS and 3 normal hearts postnatally. Amongst LVOTO subtypes, 4/7 
HLHS diagnoses were revised to other complex single-ventricle lesions. Three of these lesions are 
described in the NND group above, and 1 additional patient with SV with double inlet left ventricle 
(DILV)/TGA who demised at 5 weeks from postoperative complications. Septal subtypes showed a 
DD rate of 50% (4/8), this included 1 VSD (in situs inversus) complicated by a DORV, and 3 VSDs 
with postnatal findings of 1 case of additional coarctation, 1 TOF and 1 normal heart. Conotruncal 
subtypes were discrepant in 3/13 (23%) cases, specifically with 1 TOF diagnosed postnatally as an 
AVSD, and 2 TOF/AVSDs as a TOF-type DORV and 1 SV with RV morphology and coarctation. A 
discrepant case of TOF-type DORV was completely lost to follow-up, with source material unable 
to be located at facility records and no record of subsequent attendance at a Western Cape 
facility. Only 1/4 (25%) RVOTO lesions was discrepant (a prenatal ductus arteriosus closure 
excluded postnatally), with no discrepancy in the Situs anomaly (n=5) or Tumour groups (n=2). 

Maternal and foetal characteristics associated with DD were compared between the discrepant vs 
non-discrepant (31/47, 66%) groups. Mean maternal age was similar between groups, with the 
discrepant group having a mean age of 31.3 years (SD: 8.0) and the non-discrepant group 30.9 
years (SD: 7.0), p-value = 0.87. Mean BMI was also similar between groups 28.1 (SD: 7.4) in the 
discrepant group versus 27.5 (SD: 7.5) in the non-discrepant group (p-value = 0.82). Similarly, 
gestation at diagnosis was also similar for both groups, with the discrepant group having a median 
gestational age of 21.5 weeks (IQR: 20.5-26.25) versus 22 weeks (IQR: 20-28) in the non-
discrepant group (p-value = 0.74). The total number ultrasound scans performed was the same 
between groups, with median 3 scans (IQR: 2-4.25) in both groups, p-value = 0.89. Additionally, 
the Fisher's Exact Test examining the association between postnatal diagnosis category and 
diagnostic discrepancy showed no statistically significant dinerence in the distribution of 
postnatal diagnosis categories between the two groups (p-value = 0.84). 

CHD Outcomes 

Of the liveborn neonates (n=62), 52 survived the first 24 hours of life.  Inoperable lesions were 
found in 14 patients (univentricular lesions and PA/IVS) who therefore underwent palliation. A 
normal postnatal Echo result was found in 9 patients (prenatally: 3 AVSDs, 1 VSD, 1 ASD, 1 
premature closure of ductus arteriosus, and 3 cases of situs inversus totalis) who were discharged 
from cardiac services.   

Of the remaining patients amenable to repair, 15/29 underwent cardiac intervention. Emergent 
procedures included an arterial switch in a patient with TGA, and cavopulmonary shunts in 2 
patients: one with SV with DILV/TGA (which also necessitated an atrial septostomy) and one with 
SV tricuspid atresia with ASD/VSD. The two patients with SV lesions demised from postoperative 
complications. Elective surgical repairs were performed successfully in 10/15 cases (4 AVSDs, 2 
TOFs, 1 DORV/VSD, 1 VSD/coarctation, 1 ASD/VSD and 1 TGA). Percutaneous catheterisation was 
performed in 2/15 patients (1 balloon angioplasty in aortic coarctation and 1 VSD device closure). 
A further 3 cases were amenable to intervention but demised in hospital awaiting to surgery (2 with 
truncus arteriosus and 1 with SV with coarctation). Outpatient clinic follow-up was indicated in 11 
cases, 2 of whom did not attend (1 during SARS-COV-2 pandemic, and 1 lost to follow-up), and 3 
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were missed postnatally (2 VSD and 1 aberrant subclavian artery). Amongst the 27 cases of 
prenatal AVSD, 23had additional structural anomalies on ultrasound (85.2%), with all but one of 
deemed clinically compatible with trisomy (21, 18 or 13). Amniocentesis was performed in 14/27 
cases, of which 12/14 yielded genetic abnormalities (85.7%). Termination of pregnancy was 
performed in 8/27 cases (28,5%), 5/8 with confirmed trisomy 18 or 13. IUFD occurred in 9/27 
cases (32.9%). The remaining 10/27 cases were born alive, with Echo results available in 7/10 
cases. DD in this cohort was 57% (4/7), with 3/4 postnatal Echo showing no CHD. The remaining 
discrepant case, diagnosed postnatally with HLHS, had prenatal evidence of ventricular 
imbalance and other anomalies associated with trisomy. Amniocentesis with the option of TOP 
had been onered, but both were declined. 

Discussion  

This study set out to describe the subtype prevalence and outcomes of structural fetal CHD in a 
tertiary hospital in South Africa, and to estimate the rate of DD between prenatal and postnatal 
echocardiography. The estimated DD rate was 34.0%(16/47), highest amongst AVSD, LVOTO and 
septal lesion groups. Notably, 31.2% of patients initially diagnosed with CHD were found to have 
normal hearts on postnatal echocardiography. The mean maternal age was 32 years and median 
gestation was 21 completed weeks at presentation to MFMU, which was in line with globally 
accepted timing standards for FA screening.  Prenatal subtype prevalence rates were 
predominated by AVSD (25.5%), followed by septal and conotruncal subtypes at 19% each. 
Extracardiac abnormalities occurred in 66.0% of cases, with genetic abnormalities detected in 
53.5% of the 43 cases tested. IUFD and TOP occurred in equal proportion at 19.6% each, amongst 
which the greatest proportion of extracardiac and genetic abnormalities were found. Emergent and 
elective cardiac procedures were performed in 51.7% of 29 cases amenable to intervention. 

The CHD subtype prevalence pattern seen in this study is partially congruent with global literature.  
Direct comparison with other studies was hampered by the non-uniformity in subtype grouping.  
However, the application of the Botto et al classification to those results achieved reasonable 
categorical homogeneity between data.  Studies from France (Bensemlali), the USA (Mozumdar) 
and Japan (Kurosaki) reported large proportions of conotruncal lesions (49.0%, 40.5% and 30.0% 
respectively), but also in complex/SV subtypes (24.4%, 21.2% and 28.0% respectively).[10, 18, 19]  
In this study, the smaller proportion of conotruncal disease is likely due to the displacement by 
AVSD.   

AVSD is recognised at a common subgroup, but in proportions far smaller than seen in this study 
(8.6% and 13%). The high prevalence of septal lesions reported by van Velzen et al in the 
Netherlands and Mozumdar et al (23.4% and 16.7% respectively) reflect combined septal and 
AVSD subgroups and imply even smaller proportions of each.[10, 20]  The marked dinerence could 
not be accounted for by the regional variance in disease occurrence alone. This is confirmed by 
the similarities in maternal age and BMI between this study and the studies above.  An alternative 
reason for the high proportion of AVSD seen at the MFMU is systematic preselection for fetal 
trisomy at a primary care level. This occurs as the initial tier of MFMU referral algorithm is directed 
at historical risk factors for fetal anomaly and aneuploidy (advanced maternal age [AMA], 
teratogenic maternal medication, previous anomalies). Given the strong association between 
AMA, T21 and AVSD (and, to a lesser extent, T13 and T18), these more readily identifiable factors 
would systematically exclude younger, first-time pregnancies, in which other CHD subtypes 
occur.[21] 
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The estimated DD rate found in this study, at first glance, appears high, however is comparable to 
those found in other centres, which range between 9.5% to 50.9%. The authors quoted above 
report rates of 12% (Kurosaki), 13.5% (Mozumdar) and 18.0% (van Velzen) in their respective 
settings.  Importantly, these were determined in larger sample populations of between 207 to 708 
cases. Aguilera and Dummer et al, in a comparable sample size of 106 cases in the USA, report 
DD a rate of 30.2%.[22]  The dinerences in rates therefore are likely to reflect the definitions of 
discrepancy in the respective studies.  Whilst most included an anatomic criterion, some studies 
focused on the clinical impact of diagnostic error. For example, van Velzen et al deemed minor 
anatomical variances as concordant if intervention and outcomes were comparable to those 
expected prenatally.  Further, Kurosaki et al excluded those false negative cases of aortic 
coarctation in which surgery wasn’t required. Mozumdar et al reported the morphological variance 
in discrepant cases but excluded this from the DD definition altogether. Consequently, though 
these larger studies bare greater statistical validity, their DD rates by this study’s criteria would 
likely be higher. 

AVSD and LVOTO groups showed the highest DD rate (57% each), their overall greater proportion 
amongst prenatal cases would intuitively reflect in the live born group in which it was measured.  In 
addition, ventricular and atrial septal defects are dynamic in nature, often closing spontaneously 
prior to delivery. However, out of the four discordant septal diagnoses, only one VSD resolved by 
the time of postnatal echo, with the remaining three echoes demonstrating anatomically more 
complex diagnoses (TOF, DORV, and concurrent aortic coarctation). This suggests that DD 
increases proportionally with the degree of subtype anatomical complexity.   

The discordance seen amongst LVOTO lesions clustered specifically in HLHS. This distinct pattern 
of univentricular morphology has a known association with misdiagnosis, which was also 
encountered in this study. Whilst the revision of diagnosis was based on, at times, subtle 
dinerences that distinguish the complex/SV subtypes, the discrepancy is clinically relevant as 
these are potentially more amenable to staged univentricular repair. Therefore, aside from the 
prenatal counselling of parents and the decision of pregnancy termination, this would have a 
critical bearing on the extent of neonatal resuscitation and stabilisation for intervention. 

Considering the pregnancy outcomes, distribution of CHD subtypes between these groups did not 
reflect the respective prognoses of each lesion. Apart from clusters of lethal conditions (ectopia 
cordis and HLHS in TOP/IUFD) a heterogenous array was seen in each of the cohorts.  Rather, 
higher rates of concurrent extracardiac anomalies, genetic testing and subsequent positivity rates 
were seen in the TOP and IUFD groups. This suggests that the summation of these factors, and not 
just CHD alone, was more likely to have either guided the decision to terminate or played a causal 
role in IUFD. Of note, the higher rate of amniocentesis in the TOP group compared to the IUFD 
cohort may not reflect just suspicion of a genetic syndrome, but rather an assessment of risk and 
parental intention to act on a positive result. 

The pattern of testing is relevant to the apparent high rate of misdiagnosis of AVSD in this study.  
Whilst it is noted that AVSD can reliably be diagnosed after 14 weeks gestation,[23] it may however 
be uniquely subject to the confirmatory bias introduced by the sonographic suspicion or genetic 
confirmation of aneuploidy. Further, it is reported that HLHS can resemble an unbalanced AVSD 
with a large ventricular component, leading to misdiagnosis.[20] Consistent with this, an 
unpublished dissertation on prenatal AVSD in a cohort of 55 cases in the same MFMU (detected 
between 2010 and 2016), found a DD rate of 41.0%, with a more complex diagnosis in each case. 
In this study, HLHS was found in one of the six misdiagnosed AVSDs, but with a normal karyotype. 
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The reverse occurred in another case of AVSD, found postnatally to be a univentricular double inlet 
right ventricle (DIRV), also with T21 confirmed on amniocentesis.  

Regarding CHD patient outcomes, cardiac intervention was performed in an apparently small 
number with confirmed disease. This intervention rate reflects both the asymptomatic, subclinical 
course of certain milder subtypes, as well as the spectrum of optimal timing of intervention. This 
involves the weighing of symptom control, physical growth and net impact of disease against 
surgical and anaesthetic risk, to obtain best outcomes for the patient. Further, the period in which 
the study is conducted may also not have captured the surgical or catheterisation procedures 
performed subsequently or that are still to come. 

The findings in this study anirm the current provincial policy of ground level screening for fetal 
CHD. They also highlight the critical benefit to early, accurate detection of CHD in the designation 
of appropriate delivery facility, which supports increasing the capacity of FA scanning at primary 
and secondary level health facilities.  At an institutional level, the patients missed at birth or lost to 
follow up highlight the need for the broad accessibility of patient clinical information down the 
referral pathway, should a delivery occur outside of the planned sites.  SPV and eCCR, unique to 
the Western Cape, represent useful platforms in this regard.  

In this study, survival outcomes did not appear to be impacted by DD, with the six deaths in the 
discrepant group occurring in cases in which prenatal and postnatal prognoses were practically 
unchanged. Discrepant cases received appropriately adapted management, with expedited 
intervention where indicated. This highlights the critical benefit of prenatal identification of CHD, 
which is that it enables the designation of the appropriate delivery site equipped to adapt to 
unanticipated diagnostic variance. 

Limitations: 

The key limitation to the statistical validity of the study was size of the convenience sample. This 
precluded meaningful comparison of study parameters between pregnancy outcome and 
discrepancy subgroups.  Secondly, the preclusion of cases from diagnostic confirmation (through 
TOP and IUFD) resulted in a significantly smaller sample from in which DD could be estimated. 
These confirmatory data are typically available through fetal postmortem evaluation which is not 
routinely performed in our setting). Thirdly, missing maternal biometric and pregnancy outcome 
data further compromised the accuracy of findings, which is an inherent aspect of retrospective 
research.  The collaboration with paediatric cardiologists in prenatal CHD diagnosis, which is a 
known mitigator of DD, was not specifically recorded in the study. This factor was discovered after 
data collection and, due to logistical constraints, this information could not be obtained in 
retrospect.  Future iterations of this study would include this data. 

Conclusion:  

CHD remains a significant contributor to the global burden of disease, with DD having an 
important and clinically relevant influence on both its pre- and postnatal management. DD is also 
a useful reflection of accuracy in the audit and optimisation of maternal fetal medicine unit 
services.  Further adequately powered research with a larger sample and a complete dataset is 
necessary to investigate the impact of maternal, fetal and subtype-specific factors on DD.  
Increasing prenatal screening capacity, regular audit, and prenatal collaboration with paediatric 
cardiology is recommended to improve diagnostic accuracy. 
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Supplementary materials 

Table 3: Maternal, fetal and neonatal data collected as well as respective sources 

Data group Data type Metric Source 
Maternal Biometric and 

demographic 
Name and folder number 
Date of birth 
Height, weight, BMI 
Booking facility 
 

MFMU ADB 
MFMU ADB 
MFMU ADB, PSD 
NHLS, PSD 

Pregnancy Date of booking bloods 
MFMU presentation date 
Gestational age at first MFMU visit 
Occurrence of twins/triplets 
Amniocentesis (occurrence) 
Amniocentesis (results) 
Pregnancy outcome 
Pregnancy outcome gestation and 
date 
 

NHLS, SPV 
MFMU ADB 
MFMU ADB 
MFMU ADB 
MFMU ADB, NHLS, SPV 
MFMU ADB, NHLS, SPV 
Clinicom, SPV, MFMU ADB, PSD 
Clinicom, SPV, MFMU ADB, PSD 
 

Fetal Radiologic Presence of extracardiac anomalies 
Suspicion of trisomy or aneuploidy 
Number of ultrasound scans at 
MFMU 
Fetal diagnosis 
 

MFMU ADB 
MFMU ADB 
MFMU ADB 
MFMU ADB 

Neonatal  Infant folder number 
Delivery facility 
Neonatal echocardiographic 
diagnosis 
Neonatal outcome 
Intervention 

- Date 
- Catheter vs surgical 
- Number of procedures 
- Outcome 

Disease outcome and follow-up 

Clinicom® 
MFMU ADB, NHLS, eCCR, SPV 
CPDB 
eCCR, NHLS, SPV, PSD 
 
 
 
 
 
CPDB, eCCR, SPV 

CPDB - cardiology patient database; eCCR - electronic Continuity of Care Record; MFMU ADB - Maternal Fetal Medicine Unit Astraia database; PSD - 
primary source documents (patient notes, radiology and laboratory reports); SPV - Single Patient Viewer;  
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Figure 3: Sankey plot of diagnostic discrepancy (DD) between Prenatal (left) and Postnatal (right) diagnoses. Coloured 
links represent concordant diagnoses. 
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Appendix I: Maternal Fetal Medicine Unit – referral criteria  

Groote Schuur Hospital – Maternal Fetal Medicine Unit - Referral criteria 

Ultrasound referrals by level 1 sisters: Fetuses at increased historical risk of fetal 
anomaly (advanced maternal age, known diabetic, teratogens (warfarin, anti-epileptic drugs, 
lithium, methotrexate, efavirenz...), previous fetal anomaly, family history of fetal anomaly) 
Ultrasound referral by accredited level 1 sonographers: Abnormal findings at level 1 scan 

• MC twins 
• Polyhydramnios (AFI >24 or deepest pool >8cm) 
• Gestation difference between BPD, FL or AC of 10 days or more 
• Placenta praevia (within 5cm of internal os after 28-32 weeks in asymptomatic woman) 
• Any sign of possible fetal anomaly 
• Advanced extrauterine pregnancy 
• Fibroid uterus 
• Adnexal mass (not simple ovarian cyst < 3cm) 
• Abnormal Doppler: AEDF, REDF 

Policy for aneuploidy screening 
All women aged 40 years or more at the time of conception 

• Should be informed of their risk of T21. 
• Should be referred to the Groote Schuur Hospital Fetal Medicine Unit either at 11-14 weeks 

(any day) or as soon as possible from 16-18 weeks up to an estimated gestation of 23 weeks 
(Wednesday morning). 

• These women will be counselled and offered amniocentesis. 

All women aged 37-39 at the time of conception 

• Should be told about the option of having a scan to detect genetic disorders 
• They should then be referred for a NT scan if booking before 11 -14 weeks (at the moment all 

NT scans are done at GSH), or for a marker scan between 18-23 weeks if booking later. The 
marker scan will be done by the sonographer/medical officer at the MOU or secondary 
hospital. These sonographers have details regarding referral criteria if abnormalities are 
detected on this scan. 

• If any abnormality is found on the marker scan, the patient should be referred to GSH for 
genetic counselling and invasive testing. If the complete marker scan reveals no abnormalities, 
the women will not be referred for any formal genetic counselling. 

All women younger than 37 at the time of conception 

• Should be offered a detailed fetal anomaly scan between 18 and 23 weeks as far as local 
resources allow. 

• Specific identification of all markers is not required but if one marker is found, the others 
should actively be looked for. 

• Sonographers have the protocols for referral in this regard. 
• Patients who have had an NT scan will be managed according to their risk by the team at GSH 

who are currently responsible for all the NT scans in Metro West 

Obtained from: https://health.uct.ac.za/department-obstetrics-gynaecology/clinical-divisions/ultrasound 
on Thursday 23/05/2024, 14:45:55 

https://health.uct.ac.za/department-obstetrics-gynaecology/clinical-divisions/ultrasound
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