
Introduction
Congenital heart disease (CHD) is the most prevalent 
severe congenital anomaly, with an average prevalence of 
approximately 22.8 per 1000 live births. This prevalence 
has increased by 10% every five years (1). Fetal ultrasound 
examination between 11 and 13 weeks of gestation can 
detect a wide range of non-chromosomal fetal anomalies 
(2-4). In first-trimester screening, non-chromosomal 
fetal anomalies can be academically categorized into 
three groups (4). The first group comprises anomalies 
directly assessable and diagnosable. The second group 

includes cardiac defects indirectly detectable via markers 
assessed during screening. These involve increased 
nuchal translucency (NT), tricuspid valve regurgitation, 
and abnormal ductus venosus flow (5-8). The third 
group encompasses anomalies that either develop later 
in gestation or exhibit phenotypic expression postnatally, 
thus remaining undetectable in the first trimester (9-
11). The diagnostic value of first-trimester ultrasound 
in identifying major cardiac defects is a critical aspect of 
fetal imaging and the study of congenital heart disease. 
Ultrasound at this stage can identify major cardiac 
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Abstract
Background: Congenital heart defects (CHDs) are a major cause of death and illness in newborns. Early detection is vital for 
prompt treatment and better outcomes. This study explored the effectiveness of first-trimester ultrasound in identifying CHDs and 
its association with increased nuchal translucency (NT), tricuspid regurgitation (TR), and abnormal ductus venosus (DV) flow.
Methods: This cross-sectional study involved all pregnant women who had first-trimester screening ultrasounds performed by 
an obstetrician or radiologist at Forghani Hospital between 2017 and 2024. These women were subsequently referred for fetal 
echocardiography at 16-18 weeks of gestation at Hazrat Masoumeh Hospital in Qom, Iran. Postnatal neonatal echocardiography 
was conducted for all cases. The study calculated the sensitivity, specificity, positive predictive value (PPV), and negative predictive 
value (NPV) of increased nuchal translucency (NT), tricuspid regurgitation (TR), and abnormal ductus venosus (DV) flow in 
detecting congenital heart defects (CHDs).
Results: The sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of increased nuchal 
translucency (NT) for detecting congenital heart defects (CHDs) were 74.7%, 98.3%, 90.9%, and 94.7%, respectively. For tricuspid 
regurgitation (TR), these values were 71.9%, 97.7%, 87.5%, and 94.1%, respectively. Regarding abnormal ductus venosus (DV) 
flow, the values were 82.2%, 95.1%, 78.5%, and 96.1%, respectively. The diagnostic accuracy for detecting CHDs using NT, TR, 
and abnormal DV flow was 94.1%, 93.1%, and 92.8%, respectively.
Conclusion: Targeted fetal ultrasound in the first trimester is a valuable diagnostic tool for detecting CHDs. Early detection can 
contribute to improved neonatal outcomes.
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structural abnormalities, impaired cardiac function, and 
abnormal venous flow (12). Increased nuchal translucency 
(NT) thickness in the fetus may indicate an increased risk 
of chromosomal and cardiac abnormalities. Numerous 
studies have investigated increased NT as a risk marker 
for both cardiac defects and genetic disorders (13, 14). 
Tricuspid valve regurgitation (TVR): This condition 
can disrupt blood flow and cardiac function. On 
echocardiography, TVR may manifest as abnormal blood 
flow patterns within the heart. Early diagnosis is crucial 
due to the potential for serious consequences for the fetus 
(15). Ultrasound can detect abnormal flow in venous 
channels. Such abnormal flow typically indicates cardiac 
anomalies or dysfunction in other organs (16). This 
study was designed to investigate further the relationship 
between other major fetal cardiac anomalies and elevated 
nuchal translucency (NT), tricuspid regurgitation 
abnormalities of the ductus venosus at first trimester 11-
13 weeks screening in singleton pregnancies treated with 
fetal echocardiography.

Methods
This study was conducted as a cross-sectional analytical 
investigation. The research population consisted of all 
pregnant women referred to the fetal echocardiography 
department of Hazrat Masoumeh Hospital in Qom for 
fetal echocardiography between 2017 and 2024. Sampling 
was performed using a convenience sampling method. The 
sample size was determined using a formula that accounts 
for a 5% Type I error rate, a sensitivity of 29.9% for NT 
measurement in detecting CHD, a detectable difference 
(d) of 5%, and a prevalence (p) of 50%. Based on a similar 
study (10), the estimated sample size was 580 participants. 
To account for potential attrition, 600 pregnant women 
were ultimately enrolled.

The study’s inclusion criteria encompassed 
pregnant women who had undergone first-trimester 
ultrasound examinations by an obstetrician and fetal 
echocardiography by a pediatric cardiologist. Exclusion 
criteria included concurrent anomalies, maternal use of 
teratogenic drugs, first-trimester ultrasound performed 
at other centers, incomplete medical records, maternal 
collagen vascular diseases, and fetal genetic abnormalities. 
All participants were recruited from Farghani Hospital. 
First-trimester screening ultrasounds were performed by a 
single obstetrician, after which participants were referred 
for echocardiography by a single pediatric cardiologist. 
All fetal ultrasounds were performed at 13 weeks of 
gestation, and fetal echocardiograms were conducted 
between 16 and 18 weeks of gestation. Postnatal follow-up 
of these infants was also conducted. In the next section, 
data from pregnant women’s medical records, including 
maternal age, fetal sex, fetal echocardiography findings, 
and nuchal translucency (NT) measurements from first-
trimester ultrasounds, were reviewed and entered into 

the research study’s checklists. A specialist cardiologist 
had previously performed fetal echocardiograms. All 
these findings were recorded in the study checklists. Key 
ultrasound observations—such as increased NT, tricuspid 
regurgitation, and abnormal ductus venosus flow—were 
utilized to diagnose major congenital heart defects. These 
findings were used to calculate sensitivity, specificity, 
positive predictive value (PPV), and negative predictive 
value (NPV) using appropriate formulas. The postnatal 
diagnosis served as the gold standard for assessing the 
diagnostic accuracy of congenital heart disease.

Results
In this study, after reviewing the medical records, 107 cases 
(17%) were diagnosed with CHD. Of these, approximately 
18 cases were significant CHDs. Nine of these significant 
CHD cases resulted in stillbirths (fetal death during 
pregnancy or at delivery). The remaining cases were 
classified as non-significant CHDs. 

This study examined 600 pregnant women between 16 
and 18 weeks of gestation. Of these, 107 fetuses (17.8%) 
were diagnosed with congenital heart disease (CHD), 
while 493 fetuses (82.2%) were healthy and without 
CHD Figure 1. 

The mean maternal age was 34.6 ± 3.6 years for those with 
healthy fetuses and 34.7 ± 4.04 years for those with fetuses 
diagnosed with CHD. Regarding nuchal translucency 
(NT) findings, 80 of the 107 cases (13.3%) with CHD 
exhibited increased NT. A statistically significant 
association was found between increased NT and the 
presence of CHD (P = 0.001) (Table 1). Using standard 
formulas, we determined the sensitivity, specificity, PPV, 
NPV, and accuracy of NT in diagnosing CHD. Sensitivity 
was 74.7%, determined by dividing true positives by the 
total of true positives and false negatives. Specificity was 
98.3%, calculated by dividing true negatives by the total of 
true negatives and false positives.

The PPV, calculated as true positives divided by the 
sum of true positives and false positives, was 90.9%. The 
NPV, calculated as true negatives divided by the sum of 
true negatives and false negatives, was 94.7%. Finally, 
the overall diagnostic accuracy of NT was 94.1%. Of 
the 107 cases (17.8%) diagnosed with CHD, 77 (12.8%) 
presented with tricuspid regurgitation (TR). A statistically 
significant association (P = 0.001) was found between TR 
and the presence of CHD. 

The calculated sensitivity, specificity, PPV, NPV, and 
diagnostic accuracy for TR are 71.9%, 97.7%, 87.5%, 
94.1%, and 93.1%, respectively (Table 1). Of the 107 cases 
(17.8%) diagnosed with CHD, 88 cases (14.7%) exhibited 
abnormal ductus venosus (DV) flow. A statistically 
significant association (P = 0.001) was found between 
abnormal DV A-wave and the presence of CHD (Table 1). 
Abnormal DV flow demonstrated a sensitivity of 82.2%, 
specificity of 95.1%, PPV of 78.5%, NPV of 96.1%, and an 
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overall diagnostic accuracy of 92.8%.

Discussion 
Ultrasound examinations during the first trimester are 
crucial for the early detection and diagnosis of severe 
congenital heart defects and other abnormalities.

The correlation between increased nuchal translucency 
(NT), tricuspid regurgitation, and abnormal ductus 
venosus flow can serve as a strong predictor for 
managing significant fetal cardiac issues. Therefore, 
incorporating these parameters into first-trimester 
ultrasound assessments can lead to improved outcomes 
and enhanced quality of care for both mother and fetus. 
Our study demonstrated that all three variables, NT 
size, TR, and abnormal ductus venosus flow, exhibited 
high sensitivity, specificity, and diagnostic accuracy 
in predicting congenital heart defects (CHDs) during 
prenatal screening. This result aligns with the result of 
previous research; for instance, J.M. Martínez et al (9). 
Abnormal ductus venosus (DV) flow observed during 
first-trimester ultrasound is an independent predictor 
of CHD and should be considered a reason to perform 
fetal echocardiography. This study found that including 
DV blood flow assessment improved the early detection 
rate of CHD by 11% compared to solely using NT 
measurement. Minnella et al conducted a retrospective 
study analyzing the association between major fetal 
cardiac defects and increased nuchal translucency (NT), 
tricuspid regurgitation, and abnormal ductus venosus 
flow in a large cohort of singleton pregnancies undergoing 
ultrasound examinations between 11 and 13 weeks of 

gestation. The study involved anatomical fetal assessment, 
NT measurement, and Doppler evaluation of tricuspid 
and ductus venosus flow. The diagnostic performance 
of each marker individually and in combination for 
detecting major congenital heart disease was assessed. 
The results demonstrated that, between 11 and 13 weeks 
of gestation, combined assessment of fetal NT, tricuspid 
flow, and ductus venosus flow can improve the early 
detection of cardiac defects (17). The results of this study 
were consistent with the results of our study. The results 
of Pereira’s study showed that if, in addition to screening 
for major heart defects using fetal NT and DV flow, we 
also evaluate flow in the tricuspid valve, the screening 
performance in detecting these defects will improve (11). 
Borrell et al conducted a study to determine the optimal 
method for combining fetal nuchal translucency (NT) 
and ductus venosus (DV) blood flow measurements in 
detecting major cardiac defects among chromosomally 
normal fetuses during first-trimester ultrasound screening. 
Their findings indicated that utilizing combined NT and 
DV Doppler measurements to select 2.7% of the general 
pregnant population for further fetal echocardiography 
would allow for the detection of half of all major fetal 
cardiac defects in the first trimester (18). Therefore, similar 
to our study, these findings highlight the importance of 
using these sonographic parameters in the early detection 
and management of fetal cardiac defects.

In our study, out of 600 fetuses, 107 cases (17.8%) were 
identified with congenital heart disease (CHD). Increased 
nuchal translucency (NT) was observed in 80 cases 
(13.3%), tricuspid regurgitation (TR) in 77 cases (12.8%), 

Figure 1. How patients are included in the study

Table 1. Distribution of Fetal Sonographic Findings in Pregnant Women with and without Congenital Heart Disease (CHD)

Variable Group CHD n (%) Non-CHD n (%) Total n (%)  P value

Nuchal Translucency (NT)
Normal ( ≤ 95th percentile) 27 (4.5) 485 (80.8) 512 (85.3)

 < 0.001*

Increased ( > 95th percentile) 80 (13.3) 8 (1.3) 88 (14.7)

Tricuspid Regurgitation (TR)
Present 77 (12.8) 11 (1.8) 88 (14.7)

 < 0.001*

Absent 30 (5.0) 482 (80.3) 512 (85.3)

 Ductus Venosus (DV) Flow
Abnormal < sup > ‡ < /sup >  88 (14.7) 24 (4.0) 112 (18.7)

 < 0.001*

Normal 19 (3.2) 469 (78.2) 488 (81.3)

Total 107 (17.8) 493 (82.2) 600 (100)

*Chi-square test

Significant CHD

Large VSD (Functional single 
ventricle)

Severe pulmonary stenosis

Severe Aortic stenosis

Complete atrioventricular defect

Ebstein's anomaly

Hypoplastic left and right syndrome

600 cases of pregnant mothers

107 cases with CHD

18 cases of significant 
CHD

89 cases of non-
significant CHD

493 non-
CHD cases
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and abnormal ductus venosus (DV) flow in 88 cases 
(14.7%). All these markers demonstrated a statistically 
significant association with CHD (P = 0.001). The 
sensitivity and specificity for NT were 74.7% and 98.3%, 
respectively; for TR, 71.9% and 97.7%; and for DV, 82.2% 
and 95.1%. These findings are consistent with a study by 
G. P. Minnella et al (19), conducted on 93,209 pregnancies, 
suggesting that screening for NT, TR, and DV in the first 
trimester of pregnancy can contribute to the early detection 
of CHD. However, discrepancies in CHD prevalence 
and marker accuracy between the two studies may be 
attributable to variations in population demographics 
and diagnostic methodologies. Combining these markers 
with more advanced diagnostic modalities, such as fetal 
echocardiography, may enhance diagnostic accuracy.

Research by Karadzov Orlic et al (20) is consistent 
with the findings of our study. It was highlighted that 
adding a basic cardiac scan, which has a sensitivity of 
67% and specificity of 98%, to these sonographic markers 
significantly improves diagnostic accuracy, increasing the 
Area Under the ROC Curve from 0.838 to 0.915.

The combined use of early markers and cardiac scanning 
can lead to earlier and more accurate detection of CHD 
during the first trimester of pregnancy. A meta-analysis 
found that abnormal DV flow in the first trimester is linked 
to a higher risk of CHD, especially in euploid fetuses.

The study’s findings reveal that abnormal DV flow is 
linked to a relative risk of 6.9 (95% CI: 3.7–12.6) for CHD. 
Its diagnostic accuracy in euploid fetuses was assessed 
as good, with an area under the receiver operating 
characteristic curve of 0.81 (95% CI: 0.78–0.84). These 
findings align with the results of our study, as abnormal 
DV flow was also significantly associated with CHD in our 
research, demonstrating high sensitivity and specificity in 
diagnosing CHD. Both studies emphasize that abnormal 
DV flow can serve as a useful marker for identifying 
CHD in the first trimester of pregnancy. However, the 
meta-analysis points out that the diagnostic accuracy of 
DV is lower in high-risk populations and in populations 
without screening, which may be due to differences in the 
characteristics of the studied populations. This highlights 
the importance of combining DV with other markers, 
such as NT thickness and TR, which was also emphasized 
in the present study (21). Contrary to the results of our 
study, which indicate that the use of combined markers 
(NT, TR, and DV) can detect CHD with relatively high 
accuracy, the study by Turan et al (22) indicates that 
despite the presence of these markers, around 50% of 
CHD cases go unnoticed. This inconsistency in findings 
might be attributed to variations in study populations, 
measurement techniques, or advancements in technology. 
A review study by Karim et al highlights these issues (23). 
They also showed that even with the use of combined 
markers, some cardiac anomalies go undetected. While 
our study reported higher sensitivity, this discrepancy 

in findings may be attributed to differences in the study 
population, measurement methods, or technological 
advancements. To improve the detection and management 
of congenital heart disease (CHD) during pregnancy, 
physicians are recommended to utilize a combination of 
several ultrasound findings, such as nuchal translucency 
thickness, the presence of tricuspid regurgitation, and 
the flow pattern in the inferior vena cava, to enhance 
diagnostic accuracy. Additionally, conducting training 
workshops for physicians and midwives on the importance 
of these indicators and how to interpret ultrasound results 
can aid in the early identification and better management 
of these conditions. Furthermore, regular follow-ups and 
additional evaluations for pregnant women with known 
risk factors, especially at older ages, are advised to ensure 
that timely preventive and therapeutic measures are 
implemented.

Conclusion 
The study demonstrated that ultrasonography is effective 
in accurately identifying significant fetal cardiac defects. 
Increased NT, TR, and abnormal ductus venosus flow were 
linked to a heightened risk of major cardiac anomalies. 
These insights may aid in enhancing screening programs 
for pregnant women. First-trimester ultrasonography 
allows pregnant women to be informed about the risk of 
major cardiac defects, facilitating the planning of suitable 
interventions and neonatal care. In summary, this study 
highlighted that first-trimester ultrasonography is a 
crucial diagnostic tool for detecting major fetal cardiac 
defects and can lead to better neonatal outcomes.

Acknowledgements
The authors thank the Vice-Chancellor for Research and Technology 
of Qom University of Medical Sciences, the Vice-Chancellor for 
Research at the School of Medicine, and the Clinical Research 
Development Unit of Shahid Beheshti Hospital in Qom City.

Authors’ Contributions 
Conceptualization: Abotaleb Mohammadi.
Data curation: Enayatollah Noori.
Formal analysis: Mostafa Vahedian.
Funding acquisition: Mohammad Hosein Arjmandnia, Mohammad 
Hosein Atarod.
Investigation: Enayatollah Noori.
Methodology: Abotaleb Mohammadi.
Project administration: Abotaleb Mohammadi.
Resources: Abotaleb Mohammadi.
Software: Abotaleb Mohammadi.
Supervision: Enayatollah Noori.
Validation: Mohammad Hosein Arjmandnia.
Visualization: Mohammad Hosein Arjmandnia.
Writing–original draft: Enayatollah Noori.

Competing Interests 
The authors declare that they have no conflict of interest.

Ethical Approval 
This study was approved by the Ethics Committee of Qom University 



Journal of Kerman University of Medical Sciences. 2025;32:4160 5

First-trimester ultrasound detection of major cardiac defects and correlation with NT, TR, and DV flow

of Medical Sciences (ethical code: IR.MUQ.REC.1403.082).

Funding
This research received no specific grant from funding agencies in 
the public, commercial, or not-for-profit sectors.

References
1.	 Liu Y, Chen S, Zühlke L, Black GC, Choy MK, Li N, et al. 

Global birth prevalence of congenital heart defects 1970-
2017: updated systematic review and meta-analysis of 260 
studies. Int J Epidemiol. 2019;48(2):455-63. doi: 10.1093/ije/
dyz009.

2.	 Souka AP, Snijders RJ, Novakov A, Soares W, Nicolaides KH. 
Defects and syndromes in chromosomally normal fetuses with 
increased nuchal translucency thickness at 10-14 weeks of 
gestation. Ultrasound Obstet Gynecol. 1998;11(6):391-400. 
doi: 10.1046/j.1469-0705.1998.11060391.x.

3.	 Syngelaki A, Chelemen T, Dagklis T, Allan L, Nicolaides 
KH. Challenges in the diagnosis of fetal non-chromosomal 
abnormalities at 11-13 weeks. Prenat Diagn. 2011;31(1):90-
102. doi: 10.1002/pd.2642.

4.	 Syngelaki A, Hammami A, Bower S, Zidere V, Akolekar 
R, Nicolaides KH. Diagnosis of fetal non-chromosomal 
abnormalities on routine ultrasound examination at 
11-13 weeks’ gestation. Ultrasound Obstet Gynecol. 
2019;54(4):468-76. doi: 10.1002/uog.20844.

5.	 Hyett J, Perdu M, Sharland G, Snijders R, Nicolaides KH. 
Using fetal nuchal translucency to screen for major congenital 
cardiac defects at 10-14 weeks of gestation: population-
based cohort study. BMJ. 1999;318(7176):81-5. doi: 10.1136/
bmj.318.7176.81.

6.	 Ghi T, Huggon IC, Zosmer N, Nicolaides KH. Incidence of 
major structural cardiac defects associated with increased 
nuchal translucency but normal karyotype. Ultrasound 
Obstet Gynecol. 2001;18(6):610-4. doi: 10.1046/j.0960-
7692.2001.00584.x.

7.	 Matias A, Huggon I, Areias JC, Montenegro N, Nicolaides 
KH. Cardiac defects in chromosomally normal fetuses 
with abnormal ductus venosus blood flow at 10-14 weeks. 
Ultrasound Obstet Gynecol. 1999;14(5):307-10. doi: 
10.1046/j.1469-0705.1999.14050307.x.

8.	 Maiz N, Plasencia W, Dagklis T, Faros E, Nicolaides K. Ductus 
venosus Doppler in fetuses with cardiac defects and increased 
nuchal translucency thickness. Ultrasound Obstet Gynecol. 
2008;31(3):256-60. doi: 10.1002/uog.5262.

9.	 Martínez JM, Comas M, Borrell A, Bennasar M, Gómez O, 
Puerto B, et al. Abnormal first-trimester ductus venosus blood 
flow: a marker of cardiac defects in fetuses with normal 
karyotype and nuchal translucency. Ultrasound Obstet 
Gynecol. 2010;35(3):267-72. doi: 10.1002/uog.7544.

10.	 Chelemen T, Syngelaki A, Maiz N, Allan L, Nicolaides KH. 
Contribution of ductus venosus Doppler in first-trimester 
screening for major cardiac defects. Fetal Diagn Ther. 
2011;29(2):127-34. doi: 10.1159/000322138.

11.	 Pereira S, Ganapathy R, Syngelaki A, Maiz N, Nicolaides 
KH. Contribution of fetal tricuspid regurgitation in 
first-trimester screening for major cardiac defects. 

Obstet Gynecol. 2011;117(6):1384-91. doi: 10.1097/
AOG.0b013e31821aa720.

12.	 Wong ND. Epidemiological studies of CHD and the evolution 
of preventive cardiology. Nat Rev Cardiol. 2014;11(5):276-89. 
doi: 10.1038/nrcardio.2014.26.

13.	 Arjmandnia MH, Yousefi M, Rezvan S, Vahedian M, Noori E, 
Mohammadi A, et al. Evaluation of congenital heart diseases 
in neonates with diabetic mothers who referred to teaching 
hospitals in Qom, Iran. Journal of Vessels and Circulation. 
2020;1(1):33-6. doi: 10.21859/JVesselCirc.1.1.33.

14.	 Vahedian M, Yousefi M, Mohammadi A, Rezvan S, Noori 
E, Rezaei G, et al. Evaluation of referral indications for 
fetal echocardiography in pregnant women referred to 
Echocardiography unit of Masoumeh Hospital in the winter of 
2018. Jundishapur Sci Med J. 2019;18(4):369-77.

15.	 Khadir Sharabiany V, Oraii S. Comparison of the effect of 
the sites of right ventricular pacing on the development 
of mitral and tricuspid regurgitation. J Arak Univ Med Sci. 
2013;16(3):20-5. [Persian].

16.	 Mehralizadeh S, Mirmohammmadkhani M, Kalantarzade A. 
Efficacy and complications of oral ibuprofen and intravenous 
acetaminophen in closure of patent ductus arteriosus of 
preterm neonates. Tehran Univ Med J. 2019;77(8):491-7. 
[Persian].

17.	 Baś-Budecka E, Perenc M, Sieroszewski P. [The role of fetal 
nuchal translucency (NT) and ductus venosus blood flow (DV) 
in the detection of congenital heart defects]. Ginekol Pol. 
2010;81(4):272-6. 

18.	 Borrell A, Grande M, Bennasar M, Borobio V, Jimenez JM, 
Stergiotou I, et al. First-trimester detection of major cardiac 
defects with the use of ductus venosus blood flow. Ultrasound 
Obstet Gynecol. 2013;42(1):51-7. doi: 10.1002/uog.12349.

19.	 Minnella GP, Crupano FM, Syngelaki A, Zidere V, Akolekar R, 
Nicolaides KH. Diagnosis of major heart defects by routine 
first-trimester ultrasound examination: association with 
increased nuchal translucency, tricuspid regurgitation and 
abnormal flow in ductus venosus. Ultrasound Obstet Gynecol. 
2020;55(5):637-44. doi: 10.1002/uog.21956.

20.	 Karadzov Orlic N, Egic A, Damnjanovic-Pazin B, Lukic R, 
Joksic I, Mikovic Z. Screening performance of congenital heart 
defects in first trimester using simple cardiac scan, nuchal 
translucency, abnormal ductus venosus blood flow and 
tricuspid regurgitation. Congenit Heart Dis. 2019;14(6):1094-
101. doi: 10.1111/chd.12852.

21.	 Savoia F, Scala C, Coppola M, Riemma G, Vitale SG, Mikuš 
M, et al. The diagnostic performance of the ductus venosus 
for the detection of cardiac defects in the first trimester: a 
systematic review and diagnostic test accuracy meta-analysis. 
Arch Gynecol Obstet. 2023;308(2):435-51. doi: 10.1007/
s00404-022-06812-w.

22.	 Turan S, Goetzinger KR. First-trimester fetal heart evaluation: 
time to move forward. Ultrasound Obstet Gynecol. 
2021;57(5):677-80. doi: 10.1002/uog.23572.

23.	 Karim JN, Bradburn E, Roberts N, Papageorghiou AT. First-
trimester ultrasound detection of fetal heart anomalies: 
systematic review and meta-analysis. Ultrasound Obstet 
Gynecol. 2022;59(1):11-25. doi: 10.1002/uog.23740.

https://doi.org/10.1093/ije/dyz009
https://doi.org/10.1093/ije/dyz009
https://doi.org/10.1046/j.1469-0705.1998.11060391.x
https://doi.org/10.1002/pd.2642
https://doi.org/10.1002/uog.20844
https://doi.org/10.1136/bmj.318.7176.81
https://doi.org/10.1136/bmj.318.7176.81
https://doi.org/10.1046/j.0960-7692.2001.00584.x
https://doi.org/10.1046/j.0960-7692.2001.00584.x
https://doi.org/10.1046/j.1469-0705.1999.14050307.x
https://doi.org/10.1002/uog.5262
https://doi.org/10.1002/uog.7544
https://doi.org/10.1159/000322138
https://doi.org/10.1097/AOG.0b013e31821aa720
https://doi.org/10.1097/AOG.0b013e31821aa720
https://doi.org/10.1038/nrcardio.2014.26
https://doi.org/10.21859/JVesselCirc.1.1.33
https://doi.org/10.1002/uog.12349
https://doi.org/10.1002/uog.21956
https://doi.org/10.1111/chd.12852
https://doi.org/10.1007/s00404-022-06812-w
https://doi.org/10.1007/s00404-022-06812-w
https://doi.org/10.1002/uog.23572
https://doi.org/10.1002/uog.23740

