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Background: Congenital heart disease (CHD) is the most common congenital malformation that affects 
high-risk populations. A more definite heart diagnosis in the first trimester should be provided to guide 
clinical treatment. The study aim was to evaluate the diagnostic precision of the early extended fetal heart 
examination (EFHE) that includes abdominal situs view, four-chamber view (4CV), left ventricular outflow 
tract view (LVOT), right ventricular outflow tract view (RVOT), 3-vessel and tracheal view (3VT), ductal 
arch view, and the aortic arch view in the detection of CHD at the gestational age (GA) 13 to 14 weeks in a 
population with high risks. 
Methods: This study was a diagnostic test study. EFHE was performed by transabdominal sonography in 
women at GA 13 to 14 weeks with singleton pregnancies who were at high risk for CHD. The risk of CHD 
was determined by family history of CHD, rubella infection, metabolic disorders, exposure to teratogens, 
conception by in-vitro fertilization (IVF), increased nuchal translucency (NT) thickness, abnormal 
obstetric ultrasound, etc. The operator had more than 5 years of experience in first-trimester scans and 
fetal echocardiography. Early scans were compared with a fetal echocardiography in the second trimester  
(16–24 weeks). 
Results: EFHE was performed, and the pregnancy outcomes were obtained in 234 single pregnancies with a 
high risk of CHD. The average crown-rump length (CRL) was (76.17±7.09) mm. CHD was diagnosed in 43 
cases by EFHE; 10 of these cases were misdiagnosed, and 2 cases were missed. Four cases were inconsistent 
in the main diagnosis of CHD. The sensitivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV), and kappa coefficient (Ko) value of EFHE in diagnosing CHD by type and severity was 84.6% 
[95% confidence interval (CI), 69.5–94.1%], 96.9% (95% CI, 93.4–98.9%), 84.6% (95% CI, 69.5–94.1%), 
96.9% (95% CI, 93.4–98.9%), and 0.82 (P<0.001), respectively. 
Conclusions: EFHE can work as a diagnose examination for most major CHD cases at GA 13 to 14 weeks 
by an experienced operator; Therefore, this diagnostic system for fetal CHD may be applied in the first 
trimester. The study has been registered in the Chinese Clinical Trial Registry (www.chictr.org.cn). The 
registration number is ChiCTR2000038451.
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Introduction

Congenital heart disease (CHD), which occurs in 6.7–9.41 
per 1,000 live births (1,2), is the most common congenital 
malformation. Some characteristics can often help clinicians 
identify those patients at a high risk for CHDs in the first 
trimester. For example, a family history of CHD, rubella 
infection, metabolic disorders, exposure to teratogens, 
conception through in-vitro fertilization (IVF), increased 
nuchal translucency (NT) thickness, and abnormal obstetric 
ultrasound findings have been considered high risk for fetal 
CHD in the first trimester (3-5). Routine screenings for 
fetal heart anomalies are usually performed in the second 
trimester. However, this can lead to a delayed diagnosis 
of some types of CHDs with a poor prognosis, especially 
with chromosomal abnormalities. A pregnant woman has 
the right to decide whether to continue the pregnancy with 
a serious malformation, and have accurate information 
about the malformation as early as possible. Therefore, 
more definite heart diagnosis is needed for these high-risk 
populations in the first trimester. 

Over the last  decade,  an increasing number of 
researchers had performed specialist fetal echocardiography 
in the first trimester of pregnancy, and their studies indicate 
that it is feasible to perform fetal echocardiography in 
the first trimester (6-8). However, most of these studies 
focused screening, not providing diagnostic tools. A four-
chamber view (4CV) and 3-vessel and tracheal view (3VT) 
have been commonly used in these studies. The two views 
were not sufficient for a definite diagnosis; furthermore, 
some of these studies did not specify gestational age (GA) 
and some examinations were performed by the transvaginal 
transducers (6-8). Research indicates that the display rate 
of all the views that needed in the fetal cardiac examination 
increases by 20% in week 11, 60% in week 12, and 92% in 
week 13, which suggests that the best time to perform fetal 
echocardiography in the first trimester is 13–14 weeks of 
gestation (9).

With the development of ultrasonic instruments and 
probes, transabdominal transducers can image the fetal 

heart as clearly as transvaginal transducers, and can more 
flexibly obtain the ultrasonic views. Transabdominal 
examination is also more easily accepted by pregnant 
women. 

Equipped with a high-resolution transabdominal 
transducer (C2–9 MHz), the early extended fetal heart 
examination (EFHE) includes the abdominal situs view, 
4CV, left ventricular outflow tract view (LVOT), right 
ventricular outflow tract view (RVOT), 3VT, the ductal 
arch view, and the aortic arch view. The purpose of this 
study was to evaluate the diagnostic accuracy of EFHE, in 
the pregnancies identified to be with high risks of CHD 
at 13 to 14 weeks GA. We present the following article in 
accordance with the STARD reporting checklist (available 
at https://dx.doi.org/10.21037/tp-21-255).

Methods

Study design

Our diagnostic test study was conducted at the International 
Peace Maternity and Child Health Hospital (IPMCH) from 
December 2018 to October 2020. Pregnancies enrolled in 
the study were identified as being at a high risk for CHD 
from 13 to 14+6 weeks GA at IPMCH. According to the 
practice guideline (10), these patients had first trimester 
screening tests before the heart evaluation. The evaluation 
of the tricuspid regurgitation and reverse waves of the 
ductus venosus were not all included in this first-trimester 
screening. However, a color Doppler was used to evaluate 
4CV of the heart. Patients who were enrolled signed 
an informed consent form. On the same day of the first 
scan, the height and weight of the pregnant women were 
measured, and then their maternal body mass index (BMI) 
was calculated in kg/m2. 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Institutional Ethics Committee of IPMCH 
(No.: GKLW 2019-24) and informed consent was taken 
from all the patients. The study has been registered with 
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the Chinese Clinical Trial Registry (www.chictr.org.cn; no. 
ChiCTR2000038451).

Inclusion and exclusion criteria

Inclusion criteria was a GA in the range mentioned above 
and the presence any of the following high-risk factors 
for CHD (5): family history of CHD, rubella infection, 
metabolic disorders (e.g., diabetes), exposure to teratogens, 
conception through IVF, abnormal obstetric ultrasound 
screen (e.g., absence of nasal bone), increased NT thickness 
of ≥3.0 mm, abnormal anatomy, etc. Cases missing results 
from a second diagnosis or lacking outcome information 
were not included in this study. A second diagnosis was 
determined by fetal echocardiography in the second 
trimester or before termination of pregnancy (TOP). 
Multiple pregnancies were not included in this study. The 
inclusion and exclusion flow-chart are shown in Table 1. 

The following heart defects were excluded in CHD: mild 
valve regurgitation, atrial septal defect, right aortic arch, 
aberrant right subclavian artery, persistent left superior vena 
cava, cardiomyopathy, cardiac tumours and arrhythmias. 
Ventricular septal defect (VSD) was considered a mild 
cardiac CHD. Meanwhile, the following classified as major 
CHD: single ventricle (SV), persistent truncus arteriosus 
(PTA), double outlet right ventricle (DORV), transposition 
of the great arteries (TGA), tetralogy of Fallot (TOF), 
pulmonary atresia (PA), coarctation of the aorta (COA), 

interruption of aortic arch (IAA), hypoplastic left heart 
syndrome (HLHS), Ebstein anomaly, tricuspid valve 
dysplasia with severe regurgitation, atrioventricular septal 
defect (AVSD), and heterotaxia syndrome.

Fetal heart examination

The EFHE was performed by transabdominal ultrasound 
(Voluson™ E10 GE ultrasound system with a 2–9 MHz 
sector probe; Zipf, Austria) and by an operator (Baoying 
Ye) with more than 5 years of experience in first-trimester 
scans and fetal echocardiography. More than 2,000 cases of 
fetal echocardiography had been performed by the operator 
before this study.

The 7 views of each pregnancy included the abdominal 
situs view, 4CV, LVOT, RVOT, 3VT, the ductal arch view, 
and the aortic arch view. These heart views were visualized 
with two-dimensional (2D), color, and/or high-definition 
color flow Doppler (HD-Flow). HD-Flow is a power 
Doppler mode with direction. This protocol was named 
“EFHE”. We used the cine loop to record the examinations 
and stored the digital video clips of the cardiac views in 
the ultrasound machines. Cases suspected of having CHD 
in the first trimester and then confirmed in the second 
trimester were classified as being diagnosed in the first 
trimester. If there were multiple CHDs in 1 case, only the 
main diagnosis was counted. If there were inconsistency 
in the 2 diagnoses, the scan in the first trimester was 
retrospectively reviewed.

The following scoring system was used to evaluate 
the quality of the images: 2, the structures were clearly 
displayed; 1, some structures were clearly displayed; and 0, 
none of the structures were clearly displayed. According to 
the as low as reasonably achievable (ALARA) principle, the 
color Doppler application was performed as low as possible, 
and the total examining time was limited to 25 minutes. 

All cases were re-assessed at least 3 weeks later in the 
second trimester or before TOP by another experienced 
fetal cardiologist.

Cytogenetic and molecular testing 

If CHDs or other abnormalities (including NT ≥3.0 mm 
and abnormalities of system structure) were identified, 
the karyotype analysis and chromosomal microarray 
analysis (CMA) by chorionic villus sampling (CVS) were 
recommended before 14 weeks, or amniocentesis was 
recommended for late GA.

Table 1 Inclusion and exclusion criteria for this study

Inclusion criteria

Family history of CHD

Rubella infection

Metabolic disorders

Exposure to teratogens

Conception through IVF

Abnormal obstetrical ultrasound screen

Increased NT thickness (≥3 mm)

Exclusion criteria

Multiple pregnancy

Without the second diagnosis results

Incomplete outcome information

CHD, congenital heart disease; IVF, in-vitro fertilization; NT, nuchal 
translucency.
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Data collection/follow-up

In cases of CHD, a multidisciplinary team counsel was 
then provided to manage the prognosis further. The 
multidisciplinary team usually included an obstetrician, a 
geneticist, a fetal medicine expert, a neonatologist and a 
pediatric cardiac surgeon. 

The postnatal outcome was obtained from the hospital 
record of the new-born or directly from the parents. In 
CHD cases, a neonatal echocardiography was performed 
and recorded before hospital discharge by another examiner 
(about 2 to 4 days after delivery). Autopsy reports were 
obtained if performed in stillborn or termination cases. 
Clinical examinations by an experienced pediatrician 
were performed on all infants, including auscultation 
of heart murmurs and oxygen saturation examination 
of the upper and lower extremities. If no anomaly was 
suspected or detected, the neonate/fetus was considered  
normal. 

Sample size 

According to the literature and our previous clinical 
experience (11), the sensitivity and specificity were 0.8 and 
0.9 respectively. The prevalence of CHD in the high-risk 
group was about 10% (12). The sample size was estimated 
using PASS 15.0 software (National Council for the Social 
Studies, Kaysville, UT, USA), with α =0.05 and β =0.1. At 
least 230 cases were included, including 23 fetuses with 
CHD. After a 15% loss-to-follow-up rate, 271 cases were 
included in the study (n=271). 

Statistical analysis

Statist ical  software was used by SPSS 25.0 (IBM 
Corporation, Armonk, NY, USA). Numerical data were 
represented as mean ± standard deviation (SD). The chi-
square test was used to compare chromosome abnormality 
rates in cases with and without abnormal EFHE. The 
significance level was 0.05 (2-tailed). The rate and the 95% 
confidence interval (CI) of sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value (NPV) 
were calculated for EFHE to detect any CHD at the 13 to 
14 weak scans. The kappa coefficient (Ko) was calculated to 
assess the consistency between the EFHE and the second 
diagnosis. Agreement was classified according to Ko values, 
including almost perfect (81–100%), substantial (61–80%), 
moderate (41–60%), fair (21–40%), slight (1–20%), and 
poor (≤0) (13).

Results

During the study period, 271 women with singleton 
pregnancy received EFHE during the study period.  
37 were excluded: 8 were lost to follow-up, and 29 were 
TOP or died without a secondary diagnosis. Ultimately, 
234 cases were enrolled. The basic characteristics of the 
234 cases are shown in Table 2. The median maternal age 
and BMI were 32.58 (range, 19–52) years and 21.5 (range,  
14.4–30.6) kg/m2, respectively. The median fetal crown-rump 
length (CRL) was 76.17 (range, 65–90) mm. Indications 
for ultrasound are shown in Table 3. Most (49.6%) of the 
fetuses were recommended for EFHE with increased NT. A 
transabdominal scan was performed in all the cases.

The results of the first and second diagnoses are shown 
in Figure 1. The incidence of CHD in this study was 16.7% 
(39/234) for the high-risk population, and 33 (14.1%) cases 

Table 2 The basic characteristics of the 234 cases

Characteristics Mean ± SD Range

Maternal age (years) 32.58±5.17 19 to 52

Gravidity 2.16±1.33 1 to 8

Parity 0.38±0.53 0 to 2

Maternal BMI 21.5±2.76 14.4 to 30.6

Fetal CRL 76.17±7.09 65 to 90

SD, standard deviation; BMI, body mass index; CRL, crown-
rump length.

Table 3 Indications for EFHE in the first trimester

High risk N (%)

Increased NT thickness (≥3 mm) 116 (49.6)

Metabolic disease 10 (4.3)

Conception through IVF 40 (17.1)

Rubella infection 20 (8.5)

Exposure to teratogens 12 (5.1)

Previous pregnancy with CHD 20 (8.5)

Abnormal obstetrical ultrasound screen 16 (6.8)

EFHE, early extended fetal heart examination; NT, nuchal 
translucency; IVF, in-vitro fertilization; CHD, congenital heart 
disease.
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of CHD were both diagnosed on the 2 scans (33/234). 
With EFHE, there were 43 abnormal fetuses, with 10 cases 
misdiagnosed and 2 cases missed on the first scan. The 
main diagnosis of CHD was inconsistent in 4 cases between 
the 2 diagnoses. Compared to the fetal echocardiography 
in the second trimester, the performance of EFHE in 
detecting any CHD showed a sensitivity of 94.9% (95% CI, 
82.7–99.4%), a specificity of 96.9% (95% CI, 93.4–98.9%), 
a PPV of 86.0% (95% CI, 72.1–94.7%) and an NPV of 
99.0% (95% CI, 96.3–99.9%). There was almost perfect 
consistency between EFHE and the second diagnosis (Ko 
=0.88, P<0.001). In terms of the diagnostic consistency of 
the type and severity of CHD, EFHE showed a sensitivity of 
84.6% (95% CI, 69.5–94.1%), a specificity of 96.9% (95% 
CI, 93.4–98.9%), a PPV of 84.6% (95% CI, 69.5–94.1%), 
and an NPV of 96.9% (95% CI, 93.4–98.9%). The Ko 
value was 0.82 (P<0.001). Table 4 shows the indication for 
referral, extracardiac malformation, karyotype, CMA results, 
and outcomes in all cases of CHD or suspected CHD. 
Among the CHD group, 19 cases (48.7%) had extracardiac 
malformations, and 86.0% (37/43) of fetuses with CHD 
that were diagnosed in the first trimester were terminated. 
Most of them had major CHDs. The detection rate of 
EFHE for the different types of CHD are shown in Table 5.  

The detection rate of EFHE was high in the diagnosis of 
most CHDs, especially in major ones. However, it was poor 
for VSD (20.0%). In this study, the most common lesions 
were TOF (8 cases, 20.5%) and SV (6 cases, 15.4%). The 
quality of the images of normal fetuses in the first trimester 
is summarized in Table 6 and indicates that most views 
needed in the EFHE could be obtained. 

Karyotyping and CMA were performed in 155 cases, of 
whom 44 cases had abnormal chromosome karyotypes or 
positive CMA. Chromosomal abnormalities were found 
in 23 of the 32 (71.9%) cases with cardiac abnormalities 
and 21 of the 123 (17.1%) cases with a normal heart,  
(χ2=37.515, P<0.001). Figure 2 shows the types of CHD 
diagnosed at 13–14 weeks and their frequencies in different 
fetal karyotypes (10 cases normal, 8 cases trisomy 21 (T21), 
6 cases trisomy 18 (T18), 3 cases trisomy 13 (T13), 2 cases 
Turner syndrome, and 3 cases with other abnormal). Non-
invasive prenatal testing (NIPT) was chosen in 56 cases with 
negative EFHE and without other malformation to exclude 
common aneuploidies, presenting low-risk results. In all,  
23 participants declined any chromosomal or genetic 
tests, and 8 of whom terminated pregnancy due to severe 
phenotypes of CHD or extracardiac abnormalities, and 15 of 
whom had normal births with normal clinical examination.

Mild CHD to major CHD 
(n=2)

Major CHD to mid CHD 
(n=2)

Misdiagnosed
(n=10)

Missed diagnosis 
(n=2)

Inconsistent CHD 
(n=4)

Confirmed CHD
(n=33)

Normal
(n=6)

Mild CHD
(n=2)

Normal
(n=189)

EFHE

Second diagnosis

Suspicious CHD (n=43)Normal (n=191)

234 fetus enrolled

37 cases excluded

Total fetus (n=271)

Second diagnosis

EFHEEFHE

Figure 1 Flowchart showing the protocol and results of the 2 diagnoses for pregnancies with high risks of CHD. EFHE, early extended fetal 
heart examination; CHD, congenital heart disease.
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Table 4 Indication for referral, antenatal cardiac finding, extracardiac malformation, karyotype, CMA results, and outcome in all cases of CHD 
and suspected CHD 

Case
Indication for 
referral 

Cardiac findings
Extracardiac 
malformation

Karyotype and 
CMA results

OutcomeFirst diagnosis 
(13–14 weeks)

Second diagnosis 
(16–24 weeks)

Case 1 NT 7.8 mm DORV DORV None T21 Termination, postmortem 
confirmation

Case 2 NT 4.6 mm DORV DORV Holoprosencephaly T13 Termination, postmortem 
confirmation

Case 3 NT 3.6 mm DORV DORV None T18 Termination, no postmortem 
examination

Case 4 NT 5.5 mm Atrial trans, 
DORV

Atrial trans,  
DORV

Situs inversus 
viscerum, 
lymphadenoma of 
head and neck

Unknown Termination, no postmortem 
examination

Case 5 NT 3.8 mm AVSD AVSD Lymphadenoma of 
head and neck

T21 Termination, postmortem 
confirmation

Case 6 Previous 
pregnancy with 
CHD

AVSD AVSD None Normal Termination, postmortem 
confirmation

Case 7 Absence of nasal 
bone

AVSD AVSD Absence of nasal 
bone

T21 Termination, no postmortem 
examination

Case 8 NT 4.6 mm PA/AVSD PA/AVSD Absence of nasal 
bone

Normal Termination, no postmortem 
examination

Case 9 NT 3.6 mm PA PA None Normal Termination, postmortem 
confirmation

Case 10 NT 4.0 mm PA/AVSD PA/AVSD None Normal Termination, no postmortem 
examination

Case 11 IVF VSD/IAA VSD/IAA Lymphadenoma of 
head and neck

Normal Termination, no postmortem 
examination

Case 12 NT 6.4 mm VSD/IAA VSD/IAA None T18 Termination, postmortem 
confirmation

Case 13 NT 5.5 mm VSD/IAA VSD/IAA Lymphadenoma of 
neck

T21 Termination, no postmortem 
examination

Case 14 NT 3.8 mm VSD/COA VSD/COA None T13 Termination, no postmortem 
examination

Case 15 IVF VSD/COA VSD/COA Lymphadenoma of 
head and neck, cleft 
lip and palate

T13 Termination, no postmortem 
examination

Case 16 NT 7.1 mm VSD/COA VSD/COA Cleft lip and palate T18 Termination, postmortem 
confirmation

Case 17 Skeletal dysplasia PTA PTA Skeletal dysplasia Unknown Termination, no postmortem 
examination

Case 18 NT 5.1 mm HLHS HLHS None Unknown Termination, no postmortem 
examination

Table 4 (continued)
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Table 4 (continued)

Case
Indication for 
referral 

Cardiac findings
Extracardiac 
malformation

Karyotype and 
CMA results

OutcomeFirst diagnosis 
(13–14 weeks)

Second diagnosis 
(16–24 weeks)

Case 19 NT 7.4 mm SV SV Bilateral pleural 
effusion

Turner Termination, postmortem 
confirmation

Case 20 IVF SV SV None Unknown Termination, no postmortem 
examination

Case 21 NT 5.3 mm SV SV Omphalocele, cyst 
of cord

T18 Termination, no postmortem 
examination

Case 22 Previous 
pregnancy with 
CHD

SV SV Exencephaly Unknown Termination, no postmortem 
examination

Case 23 NT 4.9 mm SV SV None Balance 
translocation

Termination, postmortem 
confirmation

Case 24 NT 3.3 mm SV SV None Normal Termination, postmortem 
confirmation

Case 25 Pleural effusion TGA TGA Absence of nasal 
bone

unknown Termination, no postmortem 
examination

Case 26 NT 5.6 mm TOF TOF None T21 Termination, postmortem 
confirmation

Case 27 NT 3.4 mm TOF TOF None T21 Termination, postmortem 
confirmation

Case 28 NT 3.5 mm TOF TOF Lymphadenoma of 
head and neck

T21 Termination, no postmortem 
examination

Case 29 Strephenopodia TOF TOF None T18 Termination, no postmortem 
examination

Case 30 NT 7.8 mm TOF TOF Lymphadenoma of 
head and neck

Turner Termination, no postmortem 
examination

Case 31 NT 4.4 mm TOF TOF Absence of nasal 
bone

T21 Termination, postmortem 
confirmation

Case 32 Previous 
pregnancy with 
CHD

TOF TOF None 1p36 
microdeletion

Termination, no postmortem 
examination

Case 33 IVF Possible TOF VSD None NIPT normal LB

Case 34 IVF Normal VSD None Normal LB

Case 35 Exposure to 
teratogens

VSD VSD None 5q14 
microdeletion

Termination, no postmortem 
examination

Case 36 Lymphadenoma 
of head and neck

VSD TOF Lymphadenoma of 
head and neck

Normal Termination, no postmortem 
examination

Case 37 Rubella infection VSD VSD/COA None Normal LB

Case 38 Exposure to 
teratogens

Possible TOF VSD Holoprosencephaly T13 Termination, postmortem 
confirmation

Table 4 (continued)
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Table 4 (continued)

Case
Indication for 
referral 

Cardiac findings
Extracardiac 
malformation

Karyotype and 
CMA results

OutcomeFirst diagnosis 
(13–14 weeks)

Second diagnosis 
(16–24 weeks)

Case 39 Absence of nasal 
bone

VSD Normal Absence of nasal 
bone

T21 Termination, postmortem 
examination

Case 40 Previous 
pregnancy with 
CHD

VSD Normal Skeletal dysplasia Normal Termination, postmortem 
confirmation

Case 41 NT 3.3 mm Possible VSD Normal Absence of nasal 
bone

Normal LB

Case 42 Rubella infection Possible VSD Normal None Normal LB

Case 43 NT 6.7 mm VSD Normal None Normal LB

Case 44 Rubella infection VSD Normal None Normal LB

Case 45 NT 3.5 mm Normal VSD None Normal LB

CMA, chromosomal microarray analysis; CHD, congenital heart disease; NT, nuchal translucency; IVF, in-vitro fertilization; DORV, double 
outlet right ventricle; AVSD, atrioventricular septal defect; PA, pulmonary atresia; HLHS, hypoplastic left heart syndrome; VSD, ventricular 
septal defect; IAA, interruption of aortic arch; COA, coarctation of the aorta; PTA, persistent truncus arteriosus; SV, single ventricle; TGA, 
transposition of the great arteries; TOF, tetralogy of Fallot; T21, trisomy 21; T13, trisomy 13; T18, trisomy 18; NIPT, non-invasive prenatal 
testing; LB, live birth at term.

Table 5 The detection rate of EFHE in different types of CHD

Cardiac abnormality
Second diagnosis (n=39) EFHE (n=43)

N Frequency, % 95% CI, % True positive cases False positive cases Detection rate, %

TOF 8 20.5 9.3–36.5 7 2 87.5

SV 6 15.4 5.9–30.5 6 0 100.0

VSD 5 12.8 4.3–27.4 1 5 20.0

DORV 4 10.3 2.9–24.2 4 0 100.0

COA 4 10.3 2.9–24.2 3 1 75.0

AVSD 3 7.7 1.6–20.9 3 0 100.0

PA 3 7.7 1.6–20.9 3 0 100.0

IAA 3 7.7 1.6–20.9 3 0 100.0

HLHS 1 2.6 0.1–13.5 1 0 100.0

PTA 1 2.6 0.1–13.5 1 0 100.0

TGA 1 2.6 0.1–13.5 1 0 100.0

Total 39 – – 35 8 89.7

EFHE, early extended fetal heart examination; CHD, congenital heart disease; CI, confidence interval; TOF, tetralogy of Fallot; SV, single 
ventricle; VSD, ventricular septal defect; DORV, double outlet right ventricle; COA, coarctation of the aorta; AVSD, atrioventricular septal 
defect; PA, pulmonary atresia; IAA, interruption of aortic arch; HLHS, hypoplastic left heart syndrome; PTA, persistent truncus arteriosus; 
TGA, transposition of the great arteries.
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Inconsistent and misdiagnosis case analysis 

The main diagnosis in these 12 cases was inconsistent 
between the 2 scans. One case of VSD detected in the first 
trimester was diagnosed as TOF on the second scan. Two 
cases suspected of TOF in the first trimester were diagnosed 
as only VSD in the second trimester. A case of VSD was later 
diagnosed as VSD with COA on the second scan. Six cases 
were detected as VSD (diameter of defects: 0.8–1.2 mm)  
at the first scan, but then had no abnormal findings in the 
second trimester, and were normal in the neonatal period. 
Two cases of VSD in 24 weeks were missed on the first scan.

Discussion

This study recommends a novel clinical ultrasound 
examination protocol, EFHE, to diagnose CHD in the 
high-risk population at GA 13–14 weeks. The findings of 
this study demonstrate that the EFHE can be carried out 
at 13 to 14 weeks, with an NPV (96.9%). We found that 
more than 95% of major CHDs can be diagnosed during 
this GA. There was perfect consistency between EFHE and 
the second diagnosis (Ko =0.82, P<0.001). Our findings are 
consistent with those of Yu et al. (11) who collected data 
from 26,201 fetal hearts in the review of 18 studies at this 
stage. They found the sensitivity and specificity were 75% 
and 99.9%, respectively. Thus, the sensitivity of our study 
was reliable for the diagnosis of most major CHDs. 

It should be noted that the experience of operators can 
affect the detection rate of heart disease (14). Tegnander 
et al. (15) reported that sonographers with experience of 
fetal echocardiography more than 2,000 cases had a higher 
detection rate of CHD as compared to the operators 
performing fewer than 2,000 cases (52% vs. 32.5%). So, 
the operator was an expert with more than 5 years of 
experience specialized in first-trimester scans and fetal 
echocardiography, and more than 2,000 cases of fetal 
echocardiography had been performed by the operator 
before this study.

This protocol didn’t scan the pulmonary vein, superior 
vena cava or inferior vena cava. Hutchinson et al. (16) 
reported that the pulmonary vein could only be observed 
in 42% of cases between 13 and 14 weeks. Additionally, 
only abnormalities of the vena cava reflux were not complex 
cardiac malformations. Thus, referring to the requirements 
for echocardiography in the second trimester (5)  
and previous research results (6,8,16), we proposed this 
detailed examination protocol for the first trimester heart T
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examination, and we chose to examine at 13 to 14 weeks 
of gestation. This is also a suitable period for a villous 
puncture (17). In common, the fetal echocardiography 
is usually done after 18 weeks of gestation. Waiting until 
18 weeks GA causes the parents to become anxious if the 
fetus is identified as high risk for CHD or a chromosomal 
anomaly. Therefore, EFHE is performed at 13 to 14 weeks 
GA in fetuses as being at high risk for CHD. This allows 
for molecular diagnostics to recommended sooner when a 
heart abnormality is found, as results will be available in 3 
to 4 weeks. Early pregnancy interventions can be performed 
for some patients with a poor prognosis of the CHD, at 
least 4 weeks in advance. The earlier the TOP for fetal 
malformation was performed, the better the psychological 
recovery (18,19). If patients choose to continue this 
pregnancy, they can benefit more from this additional time 
from early diagnosis, which allows them to prepare and plan 
for their fetus with further health supervision, including 
choosing to deliver in a reference center, arranging 
antenatal care, and making an appointment for a neonatal 
cardiac surgeon. Meanwhile, a normal diagnosis can lower 
anxiety in high-risk pregnant women. 

We documented that the cardiac malformations had 
a higher incidence in the high-risk population of 16.7%, 
which is similar to the 14.4% reported in Gabriel’s  
study (12). Also, chromosomal abnormalities were more 

common among this population. In our series, at least 
71.9% of CHDs diagnosed in the first trimester were 
associated with abnormal chromosome results, which is 
significantly higher than the rate for abnormalities detected 
with a normal heart. The frequency of chromosomal 
abnormalities in fetuses was higher than that reported in 
previous research (11), which did not specifically select 
high-risk pregnancies. Furthermore, 86.0% of fetuses with 
CHDs diagnosed in the first trimester were terminated, 
consistent with the figures reported by Jicinska et al. (20). 
Early diagnosis of severe types of CHDs with or without 
chromosomal abnormalities leads to increased pregnancy 
termination rates. In our study, the most common lesions 
were TOF in 8 cases (20.5%), SV in 6 cases (15.4%), VSD 
in 5 cases (12.8%), DORV in 4 cases (10.3%) and COA 
in 4 cases (10.3%). This result was different from that of 
Karadzov et al.’s study (21), in which HLHS (27.4%) and 
TOF (19.3%) were most common conditions. This may be 
due to the differences in the race of the study participants. 
In our study, T21 was the most common chromosomal 
abnormality in TOF, that was maybe due to the small 
sample. But there indeed may exist a different distribution 
of chromosomal abnormalities in early pregnancy, especially 
in a high-risk population.

Many studies (22,23) focused on CHD scanning in the 
first trimester, and most of them did not select a particular 
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Figure 2 Graph showing the number of CHD fetuses in different karyotypes. CHD, congenital heart disease; TOF, tetralogy of Fallot; SV, 
single ventricle; DORV, double outlet right ventricle; AVSD, atrioventricular septal defect; PA, pulmonary atresia; VSD, ventricular septal 
defect; IAA, interruption of aortic arch; COA, coarctation of the aorta. 
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GA. However, Haak et al. (9) suggested that more details 
can be viewed later in the first trimester. Thus, we selected 
13 to 14 weeks of GA for the EFHE. To our knowledge, 
this is the first study to explicitly outline the protocols and 
GA for the fetal echocardiography in the first trimester. 
One of the reasons for the higher success rate in the present 
study is the progress of probe technology and ultrasonic 
instruments. In this study, a 2–9 MHz transabdominal 
sector probe was used for scanning. Higher frequencies of 
transabdominal probes can show more detailed information 
of the small structures in the first trimester. Transabdominal 
probes can obtain the views of the heart more flexibly and 
easily. The high quality of color-flow mapping and extensive 
experience of the operators are also conducive to a high 
detection rate of CHDs. Visualization rates demonstrate 
that 4-CV, LVOT/RVOT and 3VT, aortic arch view, and 
ductal arch view were displayed in almost every patient, 
which is in line with findings of the literature (24). Most 
major CHDs can be diagnosed at this stage, not merely 
screened. 

Although most complex CHDs can be detected in the 
first trimester, early diagnosis of some types of CHD 
remains a challenge. One case of TOF was not diagnosed at 
13 weeks GA, but it was diagnosed at 16 weeks GA before 
termination. A retrospective review of the recorded loops 
obtained in the first trimester showed that an outlet VSD 
could be found, but hypoplasia of the pulmonary artery 
and the sign of aorta (AO) that override the ventricular 
septum were not very obvious. At 16 weeks, ultrasound 

images showed severe hypoplasia of the main pulmonary 
artery (MPA) and an enlarged aortic artery overriding the 
ventricular septum (Figure 3). Some studies also reported 
this misdiagnosis (25,26). The outlet VSD with anterior 
malalignment can progress to TOF in the late GA.  
Wu et al. (27) observed that 4CV was generally normal 
in fetal TOF, and pulmonary stenosis was not always 
obvious with a GA of less than 24 weeks. They proposed 
that AO dilatation and the abnormity ratio of MPA to AO 
artery (MPA/AO) are markers in the diagnosis of TOF 
in fetus. In another 2 cases of VSD diagnosed as TOF in 
the first scan, mild aortic override and pulmonary artery 
stenosis could be observed in a retrospective review of the 
recorded material. Thus, the diagnostic accuracy of TOF in 
the first trimester presents challenges. 

We can describe the VSD and MPA/AO ratio instead 
of a TOF diagnosis in the atypical cases, and then a re-
examining of the ultrasound will can be completed in a 
later GA. One case of VSD with COA was diagnosed as 
VSD only. AO stenosis was mild in the second trimester. 
The recorded materials were retrospectively analysed, 
which showed that the AO was not significantly smaller 
than the pulmonary artery in the first trimester. These 
types of missed diagnosis of the CHD may be due to 
the natural development of the disease. Six cases were 
diagnosed with VSD at the first trimester, with no abnormal 
evident in the second trimester and neonatal period. 
The reason for this may be morphological progression, 
as small VSDs can undergo spontaneous closure. Thus, 
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Figure 3 Ultrasound images show pulmonary stenosis and the dilated aortic artery in the second trimester. (A) Ultrasound image showing 
no obvious pulmonary stenosis at 13+4 weeks of gestation. (B) The severe hypoplasia of the MPA at 16+3 weeks of gestation. (C) Enlarged AO 
overriding the ventricular septum at 16+3 weeks of gestation. MPA, main pulmonary artery; AO, aorta; SP, spine; L, left; R, right; LV, left 
ventricle; RV, right ventricle.
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these cases may represent the real progression of the heart 
during pregnancy, rather than a misdiagnosis. However, 
the ultrasonic artefacts may still be the reason for the 
misdiagnosis. Therefore, in all continuing pregnancies, 
the first trimester scan should always be followed by fetal 
echocardiography in the second trimester to confirm 
normality. Abnormal findings detected at 13–14 weeks scan 
should be reassessed to detect any cardiac malformation 
missed in the first trimester. Second-trimester scans would 
provide better assessment of the heart structures, like the 
pulmonary venous connections, the interventricular septum 
and so on. 

However, the potential risks of ultrasound should 
be carefully considered, and the ALARA principle (28) 
should be followed in the first trimester scan. The newer 
generation of ultrasound equipment is recommended, as it 
may provide higher safety indices in the heart examination 
of the first-trimester (29). Indeed, only the most up-to-date 
technology should be used for conducting first-trimester 
echocardiography. Otherwise, EFHE should be performed 
late in the first trimester, which will be safer for the fetus.

Limitations of the study

This study has some limitations which should be noted. 
First, not all autopsies are available in cases of fetal death 
or in which patients choose to terminate the pregnancy 
with aneuploidy or serious fetal defect. However, all 
enrolled cases were re-assessed at least 3 weeks later in the 
second trimester by another experienced fetal cardiologist. 
Secondly, echocardiography is not performed in all infants, 
but only in those diagnosed with CHD during pregnancy. 
However, a clinical examination was performed for every 
infant by an experienced pediatrician and included the 
auscultation of heart murmurs and the oxygen saturation 
examination of the upper and lower extremities. Finally, the 
study cannot be used to evaluate the diagnostic performance 
of EFHE in a low-risk population. The high prevalence 
of CHD in the study may be related to the satisfactory 
performance of EFHE; nonetheless, our study demonstrates 
that an ultrasound examination protocol conducted at  
13–14 weeks GA by a specialist fetal cardiologist in a high-
risk population can achieve high precision. 

Conclusions

EFHE conducted by an experienced operator could 
diagnose most major CHD cases at 13–14 weeks GA, 

and may provide better opportunities for understanding 
the evolution of CHDs early from the first trimester. 
Chromosome abnormalities were more common among 
CHD cases. The diagnostic system for fetal CHD may 
be applied in the first trimester, especially in the high-risk 
population. 
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