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1  | INTRODUCTION

Congenital heart defects (CHD) represent the one third of all major 
congenital anomalies with a prevalence of 4‐9 per 1000 live births.1 
First trimester screening recently started to play a pivotal role in 

the management of pregnancies. By the combination of maternal 
age, serum biochemistry, ultrasound anomaly scan, and additional 
ultrasonographic markers, this screening can identify most fetal 
aneuploidies and structural abnormalities in the fetus.1,2 In addition, 
most CHD can be detected in the first trimester using increased 
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Abstract
Objective:  The objective of this study was to analyze if the addition of simple  
cardiac scan in cases with increased nuchal translucency (NT) and/or abnormal ductus 
venosus (DV) blood flow, and/or tricuspid regurgitation (TCR) can improve detection 
of congenital heart defects (CHD) in chromosomally normal fetuses without non‐ 
cardiac defects at 11‐13 + 6 gestational weeks in a population of singleton pregnancies.
Methods: During the 10 years period, all singleton pregnancies at 11‐13 + 6 weeks 
were routinely scanned for NT, DV blood flow and TCR assessment and, if a sin‐
gle of these parameters was abnormal, simple cardiac scan with 2D gray scale and 
color and/or directional power Doppler in 4‐chamber (4‐CV) and 3 vessel and trachea 
views (3VTV) was performed.
Results: The sensitivity and specificity of NT ≥ 95th + DV R/A a‐wave + TCR in  
detecting CHD were 77% and 97%, respectively, and of simple cardiac scan, 67% 
and 98%, respectively. Area under the curve of receiver operating characteristic 
curve of NT ≥ 95th + DV R/A a‐wave + TCR was 0.838, and of NT ≥ 95th + DV R/A  
a‐wave + TCR + simple cardiac scan was 0.915.
Conclusions:  In chromosomally normal fetuses without non‐cardiac anomalies,  
addition of simple cardiac scan to the combined first trimester screening parameters 
improves detection of major CHD during first trimester.
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nuchal translucency (NT) and by color Doppler assessment, absent/
reverse a‐wave following atrial contraction in ductus venosus (DV) 
and tricuspid regurgitation (TCR).2‐7 Use of combination of these  
parameters increased a detection rate of CHD in the first trimester 
to 60%‐80%.8,9 Currently, detailed echocardiographic examination 
in the first trimester is recommended to be an integral part of the 
pregnancy management.10,11 Major CHD that can be recognized 
from this type of screening might be adequately treated or preg‐
nancy termination may be considered by the mother.

Of note, there is no evidence that extensive fetal echocardiog‐
raphy with longer fetal exposure and pulsed Doppler in the first tri‐
mester is safe for fetus. Therefore, simple cardiac scan, which is in 
accordance with ALARA principle (as low as reasonably achievable), 
giving a certain diagnostic accuracy in revealing CHD in first trimes‐
ter, might become a part of routine clinical strategy.12

The objective of this study was to analyze whether addition of 
the simple cardiac scan in cases with increased NT and/or abnor‐
mal DV blood flow and/or TCR can improve diagnostics of CHD in 
chromosomally normal fetuses at 11‐13 + 6 weeks of gestation in 
singleton pregnancies.

2  | METHODS

The study was performed between January 2006 and December 
2015 analyzing prospectively collected data of routine first trimes‐
ter screening in singleton pregnancies in the Clinic of Obstetrics and 
Gynecology «Narodni front», University of Belgrade, Serbia. The 
study protocol was approved by Ethics Committee of our Institution.

Combined first trimester screening comprised a maternal age, 
fetal NT thickness, maternal serum free beta‐hCG and PAPP‐A in a 
one‐stop clinic at 11 + 0 to 13 + 6 gestational weeks.13,14

The date of pregnancy beginning was assessed in accordance 
with the last menstrual period, but when the date was uncertain or 
the estimated gestation by crown‐rump length (CRL) was more than 
7 days away from the estimated gestation, then the CRL was used to 
determine the date of pregnancy.

Fetal NT thickness, DV blood flow velocity waveforms, and pres‐
ence of TCR were evaluated by trans‐abdominal ultrasound probe 
(3‐7.5 MHz) or in difficult scanning conditions by trans‐vaginal probe 
(5‐9 MHz).13‐17 We applied ALARA (as low as reasonably achiev‐
able) principle with settings standardized to shorten anatomic scan 

duration of the heart.12 These data were prospectively recorded in a 
database dedicated to a first trimester screening based on the soft‐
ware developed by the Fetal Medicine Foundation (Astraia, Munich, 
Germany). Only pregnancies with all three markers of first trimester 
screening available for analysis were included in this study.

Standard measurements for NT thickness were used as previously 
reported.13‐16 The increassed NT was defined as NT ≥ 95th percentile.17

The DV blood flow velocity waveforms were routinely obtained 
according to the standard criteria previously reported in detail.5‐7,18 
The DV blood flow velocity waveforms were considered abnormal if 
the a‐wave was reversed or absent.18,19

Presence of TCR was assessed by pulsed‐wave Doppler during fetal 
quiescence.20,21 In an apical four chamber view, a sample volume of 
3.0 mm was placed at coaptation point of cusps of the tricuspid valve 
providing the angle between beam and flow of <30°. At least three 
attempts in TCR assessment were done due to potential variations in 
the regurgitation jet direction with each cardiac cycle. The diagnosis of 
clinically relevant TCR was established if it was present during a half of 
the systole or longer and if its velocity was >60 cm/s.20,21

Cardiac evaluation was done in the same visit by either trans‐
abdominal or transvaginal approach. An ideal angle between ultra‐
sonographic beam and fetal heart interventricular septum of 45° 
allowed that 4‐CV and 3VTV could be optimally obtained.22‐26

In the 4‐CV, by 2D gray scale, color and/or power Doppler, we 
assessed interventricular septum, atrial and ventricular size, apex, 

What's already known about this topic?
The implementation of first trimester ultrasound screening 
parameters (increased NT, abnormal DV, and TCR) and car‐
diac scan has changed prenatal care by moving the detection 
of major heart defects to early stages of gestation. However, 
safety of such detailed cardiac scan with greater fetal expo‐
sure has not been confirmed so far.

What does this study add?
Addition of simple cardiac scan (4‐CV, 3VTV) to first tri‐
mester screening parameters can increase detection rate 
of major congenital heart defects while minimizing fetal 
exposure.

F I G U R E  1   A case of normal heart at 
12 weeks’ gestation
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crux, and atrioventricular valves.22‐24,26 In the 3VTV, by 2D gray 
scale, color and/or power Doppler, we evaluated number of arterial 
arms (pulmonary trunk, aorta and superior vena cava), their size ratio 
and flow direction (Figure 1).23,24,26‐29

Highly suspected findings on cardiac scan in first trimester were 
re‐evaluated by fetal echocardiography in the second trimester. A 
complete study interrogation was consisted of imaging of the 4‐CV, 
left and right outflow tracts, and the ductal and aortic arches.27,29 At 
least two independent sonographers, trained in first and second tri‐
mester screening for heart defects, examined each case suspected 
on having CHD. Every fetus suspected on CHD was evaluated by 
fetal cardiologist.

All CHD were classified as major if they required surgical or  
catheter‐based intervention during the first year of the life. All major 
CHD were further classified into groups as follows: right heart de‐
fects (pulmonary stenosis or atresia; tricuspid valve atresia; Ebstein 
anomaly), left heart defects (aortic valve stenosis; hypoplastic left 
heart syndrome; coarctation of aorta), conotruncal anomalies (trans‐
position of the great arteries; tetralogy of Fallot; double outlet right 
ventricule), atrioventricular septal defects, and others (double inlet 
left ventricle, tricuspid dysplasia, left atrial isomerism, complex 
atrioventricular septal defect).30‐32 The fetal heart defects that were 
not included in the study were ventricular septal defect, right aor‐
tic arch, persistent left superior vena cava, aberrant right subcla‐
vian artery, and heart tumors detected during the second or third 
trimester.6

Genetic consultation and fetal karyotyping were offered to all 
pregnancies who had adjusted risk of more than 1:250 based on 
data from combined first trimester screening.14,15 Testing for chro‐
mosome abnormalities was performed by chorionic villus sampling 
(CVS) or early amniocentesis in all 92 pregnancies. Fluorescence in 
situ hybridization (FISH) test for deletions of 22q11.2 (DiGeorge syn‐
drome) was performed when conotruncal anomaly was suspected.

Termination of pregnancy (TOP) was considered at the parents' 
request if major heart malformations were present. The fetal au‐
topsy after TOP, with prior parental consent, confirmed or excluded 
the diagnosis of CHD. If the pregnancy with major CHD continued, 
those fetuses underwent a follow‐up ultrasound examination by a 
fetal cardiologist. Postnatal echocardiography and neonatal evalua‐
tion were performed in all liveborn cases.

All cases with aneuploidies or non‐cardiac defects detected pre‐
natally or in the neonatal period were not included in this analysis. 
Also, pregnancies with no abnormal fetal findings at the 11‐13 weeks 
scan and/or the 18‐24 weeks scan which resulted in termination, 
miscarriage, or stillbirth and those lost to follow‐up were not in‐
cluded in the study.

2.1 | Statistical analysis

The prevalence of NT ≥ 95th percentile, DV R/A a‐wave, and TCR 
in fetuses with and without major CHD was expressed as percents. 
Comparisons between categorical variables for independent groups 
were performed by Chi‐squared test or Fisher’s exact test.33 The 
screening performances of single and combined parameters were 
determined by receiver operating characteristic (ROC) curve and 
the areas under the ROC curves (AUC). The statistical program SPSS 
21.0 (SPSS Inc., Chicago, IL) was used for data analyses.

3  | RESULTS

In 10 years period (2006‐2015), we prospectively collected data on 
22 900 singleton pregnancies with routine first trimester screening 
at 11‐13 + 6 weeks of gestation. Out of this, 19 918 pregnancies 
ended in a live birth without fetal anomaly, while of the remaining 
2982 pregnancies, 1091 had abnormal fetuses (401 with chromo‐
somal anomalies and 690 with non‐cardiac structural defects), 1351 
were data loss cases, 239 had miscarriage and 301 fetuses had 
major CHD, out of which 209 had chromosomal anomalies. Major 
CHD with normal karyotype was found in 92 fetuses leading to a 
prevalence of 4.02 per 1000 pregnancies. TOP was done in 26 fe‐
tuses during the first trimester, and in 49 fetuses during the second 
trimester of pregnancy.

Age, BMI, smoking, and positive family history for non‐cardiac 
congenital anomaly were similar between groups with and without 
CHD (Table 1). Diabetes mellitus and family history positive for CHD 
were more often in the group with CHD compared to the group 
without CHD (Table 1).

Sensitivity, specificity and negative predictive value of individ‐
ual parameters increased when combined parameters were used: 

Maternal demographic characteristics
CHD group 
N = 92

No CHD group 
N = 19 918 P value

Maternal age (yr) 32.25 ± 4.5 31.15 ± 5.5 .5

Body mass index (kg/m2 ) 23.60 ± 3.2 25.0 ± 1.4 .7

Diabetes mellitusa (%) 20 (22%) 1 952 (9.8%) .01

Family history of CHD (%) 14 (15%) 1 195 (6%) .05

Family history of noncardiac congenital 
anomaly (%)

19 (21%) 3 525 (17.7%) .4

Smoking (%) 23 (25%) 6 772 (34%) .3

Abbreviation: CHD, congenital heart defect.
aDiabetes mellitus detected and treated before pregnancy. 

TA B L E  1   Maternal demographic 
characteristics in cases with and without 
CHD
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NT ≥ 95th vs NT ≥ 95th+DV R/A a‐wave (66% vs 70%; 78% vs 95%; 
92% vs 97%, respectively) and NT ≥ 95th vs NT ≥ 95th+TCR (66% vs 
74%; 78% vs 94%; 92% vs 95%, respectively). The highest sensitivity, 
specificity, and negative predictive value were found for the com‐
bined parameters: NT ≥ 95th + DV R/A a‐wave + TCR (77%, 97%, 
and 98%, respectively; Table 2).

A case with normal findings in 4‐CV and 3VTV in the first tri‐
mester is shown (Figure1). Abnormal 4‐CV and 3VTV findings were 
disclosed in cases with aortic stenosis, coarctation of the aorta, 
hypoplastic left heart, pulmonary stenosis or atresia, and tricus‐
pid atresia + VSD, solely 4‐CV had abnormal findings in cases with 
Ebstein anomaly and AV septal defect, while only 3VTV had abnor‐
mal findings in cases with tetralogy of Fallot and transposition of the 
great arteries (Table 3).

During the first trimester, by simple cardiac scan, 62 (67%) of 
major CHD were detected. Of those, 29 fetuses had definite CHD 
and 33 had highly suspected CHD (25 cases in 12.0‐12 + 6 weeks 
and 8 cases in 13.0‐13 + 6 weeks). All 62 cases had confirmed diag‐
nosis of CHD on autopsy or postnatal echocardiography.

The sensitivity, specificity, and negative predictive values of sim‐
ple cardiac scan for the detection of CHD in the first trimester are 
depicted in Table 4.

The diagnostic accuracy of the first trimester screening parame‐
ters (NT ≥ 95th, DV R/A a‐wave, TCR) and simple cardiac scan alone 
or in combination with them in the prediction of fetal CHD is shown 
in Figure 2.

The type and rate of detected CHD were shown in relation to 
the individual first trimester screening parameters and the time of 
diagnosis established either by cardiac scan and/or fetal echocardi‐
ography (Table 5). In the second trimester, 33% of cases that were 
not suspected in first trimester, were diagnosed for having CHD 
(Table 5). The majority of pregnant women (82%) decided to termi‐
nate pregnancy (Table 5).

4  | DISCUSSION

The main result of this study is that the addition of simple cardiac 
scan in cases with NT ≥ 95th and/or abnormal DV R/A a‐wave and/
or TCR improves detection of CHD in chromosomally normal fetuses 

without non‐cardiac defects at 11‐13 + 6 gestational weeks in a pop‐
ulation of singleton pregnancies. The second result of this study is 
that simple cardiac scan has high diagnostic accuracy in detection of 
major CHD in the first trimester. Abnormal 4‐CV alone has moderate 
detection rate for CHD, which is substantially improved in combina‐
tion with 3VTV. The third result of this study is that the combination 
of three ultrasonographic parameters (NT ≥ 95th, DV R/A a‐wave 
and TCR) has greater sensitivity, specificity, and negative predictive 
value for the detection of major CHD during the first trimester, than 
any single of these parameters.

In high‐risk pregnancies, a fetal heart should be initially evaluated 
by echocardiography in the first trimester to exclude major CHD and 
subsequently in the second trimester to exclude minor defects and 
malformations related to fetal heart development.27 In this study, 
based on the findings of first trimester screening parameters of NT, 
DV, and TCR, we identified a high‐risk pregnancy group for CHD 
and then applied simple cardiac scan protocol consisting of 4‐CV 
and 3VTV with color and power Doppler for the diagnosis of major 
CHD.22,31,34,35 Diagnostic accuracy of the fetal heart examination 

TA B L E  2   Sensitivity, specificity, relative risk, and negative predictive value of first trimester screening parameters (NT ≥ 95th percentile, 
DV R/A a‐wave, TCR) in the detection of major CHD

Parameters

Congenital heart defects

NT ≥ 95th
DV R/A 
a‐wave TCR

NT ≥ 95th + DV 
R/A a‐wave NT ≥ 95th + TCR

NT ≥ 95th + DV 
R/A a‐wave+TCR

Sensitivity (%) 66% 58% 55% 70% 74% 77%

Specificity (%) 78% 91% 90% 95% 94% 97%

Relative risk (95% CI) 3.7 (2.8‐7.2) 
P < .001

4.4 (3.7‐6.9) 
P = .001

4.7 (3.3‐7.1) 
P = .001

6.2 (4.8‐9.5) 
P = .0001

6.3 ( 4.6‐8.8) 
P = .0001

7.5 (5.6‐8.2) 
P = .0001

Negative predictive value (%) 92% 96% 91% 97% 95% 98%

Abbreviations: DV R/A a‐wave, ductus venosus revers or absent a‐wave; NT, nuchal translucency; TCR, tricuspid regurgitation.

TA B L E  3   Findings of simple cardiac scan using 4‐CV and 3VTV 
in the first trimester in relation to the type of CHD

Type of CHD Cases

Simple cardiac scan

4‐CV 3VTV

Coarctation of the aorta 2 Abnormal Abnormal

Hypoplastic left heart 17 Abnormal Abnormal

Aortic stenosis 1 Abnormal Abnormal

Ebstein anomaly 2 Abnormal Normal

Pulmonary stenosis or 
atresia

1 Abnormal Abnormal

Tricuspid atresia+VSD 1 Abnormal Abnormal

Tetralogy of Fallot 12 Normal Abnormal

Transpositio of the great 
arteries

9 Normal Abnormal

AV septal defect 17 Abnormal Normal

Total 62

Abbreviations: AV, atrioventricular; CHD, congenital heart defect; CV, 
chamber view; VSD, ventricular septum defect; VTV, vessel trachea 
view.
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in the first trimester might be reduced mainly by the small size of 
the fetus and by the fact that some abnormalities slowly evolve and 
might become manifested later in pregnancy.10

Early fetal echocardiography according to the recommendations 
of ISUOG (2013) can be considered as a part of routine scan of fetal 
anatomy in the 11‐13 + 6 weeks of gestation.11 Detection rate is high 
(85%‐100%), but varies depending on to the type of the heart abnor‐
mality: for hypoplastic left heart, it is up to 51%, but for tetralogy of 
Fallot and transposition of the great arteries, it is up to 18%.13 Early 
fetal echocardiography requires a serious and prolonged examination 
that begins transabdominally and usually ends with transvaginal ultra‐
sonography. Importantly, the proposed first trimester Doppler exam‐
inations are at the level of the ductus venosus and fetal heart, close 
to a spine, where a heating effect would be greatest.11 Caution with 
Doppler use in the first trimester is needed, because its safety has not 
been established yet.12 In meantime, by respecting ALARA principle 
(ie, Doppler use tailored to indications, exposure to Doppler <10 min), 
we are minimizing any possible risks.12 A simplified examination (basic 
fetal echocardiographic examination or cardiac scan) was proposed to 
evaluate the fetal heart in low‐risk populations at 11‐13 + 6 weeks.25 
The sensitivity of this type of examination is high (80%‐88.7%) for car‐
diac defects by combining the two proposed planes.32,34‐37

In our study, based on the findings of the first trimester screening 
parameters of NT, DV, and TCR, we identified a high‐risk pregnancy 
group for CHD and then applied simple cardiac scan. In the first tri‐
mester, 67% (62/92) of the CHD cases was detected. The sensitiv‐
ity and specificity of simple cardiac scan in our study, ranging from 

53% to 67% and from 95.9% to 98.0%, respectively, are similar to 
sensitivity and specificity in the another study of 1136 euploid and 
aneuploid cases (range from 45.7% to 87.5% and of 100%, respec‐
tively).23,24 Eleftheriades studied 3774 fetuses analyzing only the  
4‐CV cross‐section in the first trimester and obtained detection rate 
of 44.8% (13/29) for CHD.38 Volpe studied 4445 low‐risk fetuses with 
a 0.9% (42) prevalence of CHD and detected majority of CHD (29/39; 
69%) during the first trimester scan. This author also reported that 
an abnormal 4‐CV had a moderate detection rate of 50% for major 
CHD.39 In addition, the authors from Bari in the largest study so far 
of 5343 cases pointed out the diagnostic value of the 3VTV in the 
detection of large blood vessel anomalies and reported detection rate 
of 75.8% for combination of 4‐CV and 3VTV.40 In a small study of 886 
pregnant women, Persico used similar cardiac scan in the first trimes‐
ter, and reported a sensitivity of 93.1% (54/58).32

In our study, AUC of ROC curve for combination of NT ≥ 95th + 
DV R/A a‐wave +TCR + simple cardiac scan was in the range of excel‐
lent discrimination (0.92) and also for the simple cardiac scan alone 
(0.90). This high detection rate for CHD by the combination of first 
trimester ultrasound screening parameters with simple cardiac scan 
might favor this strategy as compared with the standard first trimes‐
ter screening for routine use in clinical practice.

Of note, ease of performing these echocardiographic cross‐ 
sections (4‐CV, 3VTV) and then color mapping in just a few minutes 
allows incorporation of the anatomical fetal heart analysis in the first 
trimester screening.34,35,41 By combining the 4‐CV and 3VTV with 
color and power Doppler mapping, various types of cardiac anoma‐
lies can be detected.34,35,41,42

Regarding the type of CHD, in the 4‐CV, we detected heart 
situs, abnormal number and size of chamber which is in line with the 
findings in the other studies.24,25 In the 3VTV section, we detected 
abnormal vessel number, abnormal vessel size, or abnormal spatial 
relationship similarly to the reported findings elswhere.25‐28,35,41,43

In our study, the sensitivity of single parameters, NT ≥ 95th, DV 
R/A a‐wave or TCR, was similar among each other ranging from 55% 
to 66%, but significantly increased when a combination of these pa‐
rameters was used for the detection of major CHD, in a range of 70% 
to 77%. These results are concordant with the results of the study on 
40 905 euploid fetuses, with low prevalence of CHD (2/1000), where 
the risk of major CHD increased exponentially with the increase in 
the thickness of the NT.20 This risk was further increased if abnor‐
mal DV R/A a‐wave or/and TCR were present in combination with 
NT ≥ 95th.44 Also in our study, the sensitivity of DV for major CHD was 
58%, which was slightly higher compared to a median of 40% (ranking: 
24%‐69%) in 10 studies with a total of 225 CHD.16,17,23,25,26,29,44 In 
our study, sensitivity of TCR for CHD was higher (55%) compared to 

Parameters 4‐CV 3VTV 4‐CV + 3VTV

Sensitivity (%) 53.3 (44.3‐60.5) 61.3 (58.3‐65.5) 67.0 (60.1‐71.2)

Specificity (%) 95.0 (93.2‐98.0) 96.1 (94.5‐98.0) 98.3 (96.0‐100)

Negative predictive value (%) 99.0 (98.5‐100) 99.0 (97.3‐100) 99.0 (98.7‐99.0)

Abbreviations: CV, chamber view; VTV, vessel trachea view.

TA B L E  4   Screening performance of 
simple cardiac scan for CHD

F I G U R E  2   Receiver operating characteristic (ROC) curves of 
first trimester screening parameters (NT ≥ 95th percentile, DV R/A 
a‐wave, TCR) and simple cardiac scan in the prediction of CHD
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19% in another recent study evaluating both euploid and aneuploid 
fetuses.45 The authors concluded that TCR as a single parameter was 
poor screening tool for detection of CHD. However, they found that 
TCR in combination with other ultrasonographic parameters had 
higher sensitivity for aneuploidy, not specifically referring to CHD.45

Limitations of the study. The study was retrospective analysis. However, 
data were prospectively collected in the dedicated database keeping their 
high quality. Those cases in which obtaining 4‐CV or 3VTV was not feasi‐
ble or technically not possible were examined by fetal echocardiography 
in second trimester, but not included in this analysis. A certain number of 
falsely negative cases had a type of CHD that could be detected by simple 
cardiac scan. However, evolution and late appearance of some CHD should 
be taken into account. According to some authors, the pulsatile index of DV 
might be better predictor of CHD compared to the pathological character‐
istics of the “a” wave.46 However, the pulsatile index was not evaluated in 
this study. This was a single center study conducted by certified sonogra‐
phers which may limit generalizability of the data presented.

5  | CONCLUSION

In chromosomally normal fetuses without non‐cardiac anomalies, sim‐
ple cardiac scan increases the diagnostic accuracy of the combination 
of parameters of the first trimester screening for detection of major 
CHD. Safety, accuracy, and ease of performing of simple cardiac scan 
allow its incorporation in the first trimester screening for major CHD.
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TA B L E  5   Type of CHD and its relation to the individual ultrasonic parameters, time of diagnosis and pregnancy outcome. Diagnosis of 
CHD in 11‐13+6 wk was established by simple cardiac scan. Diagnosis of CHD in 18‐24 wk was established by fetal echocardiography

Congenital heart defects
NT ≥ 95th 
percentile (%)

DV R/A  
a –wave (%) TCR (%)

Diagnosis 11‐13 + 
6 wk (%)

Diagnosis 
18‐24 wk (%)

Outcome

TOP (%) Live birth (%)

Left heart defects

Coartation of the aorta 4 (4.9) 5 (9.6) 1 (2.5) 2 (3.2) 3 (10.0) 2 (2.7) 3 (17.6)

Hypoplastic left heart 18 (21.9) 8 (15.4) 3 (7.5) 17 (27.4) 1 (3.3) 17 (22.7) 1 (5.9)

Aortic stenosis 5 (6.1) 4 (7.7) 3 (7.5) 1 (1.6) 4 (13.3) 3 (4.0) 2 (11.8)

Right heart defects

Ebstein anomaly 7 (8.5) 8 (15.4) 2 (5.0) 2 (3.2) 6 (20.0) 7 (9.3) 1 (5.9)

Pulmonary stenosis or atresia 5 (6.1) 5 (9.6) 2 (5.0) 1 (1.6) 4 (13.3) 4 (5.3) 1 (5.9)

Tricuspid atresia 1 (1.2) 1 (1.9) 0 (0) 1 (1.6) 1 (3.3) 2 (2.6) /

Conotruncal anomaly

Tetralogy of Fallot 13 (15.9) 8 (15.4) 13 (32.5) 12 (19.4) 3 (10.0) 11 (14.6) 4 (23.5)

Transpositio of the great 
arteries

13 (15.9) 7 (13.5) 13 (32.5) 9 (14.5) 4 (13.3) 10 (13.3) 3 (17.6)

Atrioventricular septal defect

AV septal defect 15 (18.3) 6 (11.5) 3 (7.5) 17 (27.4) 3 (10.0) 17 (22.7) 3 (17.6)

Others

Left atrial isomerism 1 (1.2) / / / 1 (3.3) / 1 (5.9)

Total N = 92 82 (89.1%) 52 (53.7%) 40 (43.5%) 62 (67.4%) 30 (32.6%) 75 (81.5%) 17 (18.5%)

Abbreviations: CHD, congenital heart defect; DV R/A a‐wave, ductus venosus revers or absent a‐wave; NT, nuchal translucence; TCR, tricuspid 
regurgitation; TOP, termination of pregnancy.
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