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Abstract: Background/Objectives: Congenital heart disease (CHD) is the most common
birth defect, an important cause of morbidity and mortality, with a reported prevalence of
5–12 per 1000 live births. The aim of our study was to identify the role of fetal morphologi-
cal ultrasound examination in the first and second trimester of pregnancy in the detection
of fetal congenital cardiac anomalies in a low-risk population. Methods: We performed
a retrospective study in a tertiary fetal medicine center in Emergency Hospital Craiova,
Romania. The longitudinal analysis combined first- and second-trimester screening using
improved ultrasound protocols. Our study evaluated 8944 pregnant women with singleton
pregnancies in a 6-year period between January 2018 and December 2023. All ultrasound
examinations were performed using a standard extended protocol according to the main
guidelines’ recommendations for the detection of fetal anomalies. Results: In the first
trimester of pregnancy, 37 cases with cardiac anomalies were diagnosed. Thirteen of these
cases were associated with genetic anomalies (Down syndrome—eight cases, Edwards
syndrome—four cases, Turner syndrome—one case). Some of these pregnancies were
associated with at least one of the minor ultrasound markers (inverted ductus venosus,
abnormal flow in the tricuspid valve, presence of choroid plexus cysts, absent/hypoplastic
nasal bone). In the second trimester of pregnancy, 17 cases of cardiac anomalies were diag-
nosed. From these cases, one was associated with genetic anomalies (DiGeorge Syndrome),
and one case developed hydrops and delivered prematurely in the early third trimester.
Conclusions: Ultrasound screening for the detection of congenital heart disease is feasible
early in pregnancy, but some anomalies would be obvious later in pregnancy. An early
diagnosis using an extended ultrasound protocol, genetic testing, and a multidisciplinary
evaluation would improve the prognosis and the overall survival rate by delivering in a
tertiary center that allows for rapid cardiac surgery in dedicated cases.
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1. Introduction
Congenital heart disease (CHD) is the most common birth defect, an important cause

of morbidity and mortality, with a reported prevalence of 8 per 1000 live births [1]. The early
diagnosis of severe cardiac anomalies reduces the psychological impact of the pregnant
woman, offers time to make therapeutic decisions, and offers families the possibility of
counseling on the evolution of the detected anomalies and neonatal complications [2]. It
also offers the necessary time for performing prenatal genetic tests [3,4] and decreases the
delay of pregnancy termination.

The use of standardized ultrasound protocols during the first trimester (11–13 weeks
+ 6 days) will increase the early detection rates of congenital heart anomalies [4,5]. Pre-
vious studies [3,4] have demonstrated that fetal cardiac anomalies can be divided into
malformations that are always detectable in the first trimester, malformations that cannot
be detected in the first trimester, and malformations that can only sometimes be detected
in the first trimester. The importance of both abdominal and transvaginal scanning in the
early detection of fetal cardiac anomalies has also been demonstrated not only among the
high-risk population but also among the low-risk population [5,6].

Severe cardiac anomalies are associated with a poor prognosis after surgical repair;
therefore, the early detection of these anomalies and the decision of pregnancy termination
can be considered an appropriate management [7]. The early detection of severe anomalies
reduces the physical and mental stress of the pregnant woman and offers the possibility
of pregnancy termination within the legal term [8]. There are several authors [7–9] who
described the detection of CHD at a gestational age lower than 11 weeks, but others consider
that we must be careful because of the psychological impacts on the parents due to the false
positive rate at this gestational age.

Screening performances for CHD in the first trimester of pregnancy are influenced by
the gestational age, sonographer experience, quality of equipment used, and time allowed
for examination. There are also some benefits described in the evaluation of the fetal heart
in the first trimester compared to the second one, mostly due to increased fetal movements
and a lower ossification of the fetal bone structures.

Karim et al. [10], in a recent meta-analysis, showed that the sensitivity of ultrasound
screening for CHD is increasing from 32% for the evaluation of only the four-chamber
view, up to 56% for the assessments of the four-chamber view and outflow tracts, to
more than 80% if the both structures are evaluated with gray-scale and color Doppler.
Another important issue is the safety of using ultrasound in pregnancy, especially in the
first trimester [11]. Previous prospective studies [12,13] showed that safety is possible
if the threshold of the thermal index and mechanical index used is below 1.0 due to the
technological progress of ultrasound equipment used.

The aim of our study was to identify the role of fetal morphological ultrasound exami-
nation in the first and second trimester of pregnancy in the detection of fetal congenital
cardiac anomalies in a low-risk population and the role of the multidisciplinary evaluation
of these cases.

2. Materials and Methods
The study population included women with no previous CHD, autoimmune diseases,

hypertension, diabetes, or any other previous exposure to teratogens. This study was
approved by the ethics committee of the University of Medicine and Pharmacy of Craiova.
We performed a retrospective study in a tertiary fetal medicine center in the Emergency
County Hospital from Craiova, Romania. Our study evaluated 8944 singleton pregnancies
during a 6-year period between January 2018 and December 2023. All ultrasound examina-
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tions were performed using a standard extended protocol according to the main guidelines’
recommendations for the detection of pregnancy anomalies [14,15].

2.1. First Trimester Scanning and Sections

The first-trimester evaluations were performed between 11 and 13 weeks and six days
using ultrasound equipment with a high resolution, GE Voluson E8 (GE Healthcare, Zipf,
Austria, Version 21.1), by the transabdominal and transvaginal approaches. The transvagi-
nal method was used in cases of an unfavorable fetal position, maternal obesity, previous
abdominal surgery, anterior position of the placenta, and uterine myomas/contractions.
The used protocol involved standard sections for assessing the fetal head, abdominal wall,
diaphragm, stomach, limbs, umbilical cord insertion, kidneys, bladder, and spine (Figure 1).

Figure 1. First-trimester morphological assessment of the fetus.(A,B) Head and brain. (C) Profile.
(D) Limbs. (E–G) Fetal face (orbits, palate, mandibula). (H) Chest and abdomen.

The fetal heart protocol included the examination of the fetal heart in gray-scale and
color doppler mode. The examination started with the evaluation of the heart situs, cardiac
axis, and chest heart ratio (no more than one-third of the chest area) and continued with
the four-chamber view (4CV) in gray-scale and the outflow tract views in color doppler
mode. In the 4CV section, we evaluated the offsetting of the atrio-ventricular valves, right-
and left-sided structures approximately equal, and the atrio-ventricular septum. The left
and right outflow tracts were evaluated by size (equal in size), and the examination ended
with the 3-vessel view (3VV) color Doppler mode demonstrating the confluence of the two
arterial arches on the left side of the spine (Figure 2).

Figure 2. First-trimester heart protocol. (A) Four-chamber view. (B) Atrio-ventricular flows—Grey
Scale. (C) Atrio-ventricular flows—Color Doppler Mode. (D) 3-vessel view—Grey Scale. (E) 3-vessel
view—Color Doppler Mode.

2.2. Second Trimester Scanning and Sections

The second-trimester ultrasound evaluation was performed between 20 and
24 weeks of gestation. The evaluation of the fetal heart started with the examination
of the situs, cardiac axis, and chest heart ratio followed by the four-chamber view, out-
flow tract view (aorta and pulmonary artery), 3-vessel view (3VV), and 3-vessel and
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trachea view (3VT) and axial section for the evaluation of the interventricular septum and
sagittal section (Figure 3).

Figure 3. Second-trimester heart protocol. (A) Four-chamber view—Grey Scale. (B) Atrio-ventricular
flows—Left side—Grey Scale and Right side—Color Doppler Mode. (C) Aorta—Left side in Grey
Scale and Right side in Color Doppler Mode. (D) Crossing plane. (E) Pulmonary artery—Left side in
Grey Scale and Right side in Color Doppler Mode. (F) 3-vessel and trachea view—Grey Scale.

2.3. Inclusion and Exclusion Criteria

The study inclusion criteria were singleton pregnancies that had a first-trimester dat-
ing scan between 7 and 10 weeks of gestation. The exclusion criteria were pregnancies over
14 weeks of gestation or pregnancies that ended by miscarriage or stillbirth without perina-
tal autopsy.

2.4. Statistical Analysis

Statistical analysis was performed using a database built in Microsoft Excel Version
2502 (Microsoft Corporation, Redmond, WA, USA) and IBM SPSS Statistics 26.0 (IBM
Corporation, Armonk, NY, USA). Abnormal cases are reported in tables, produced by either
MS Excel or SPSS. For continuous variables, we report average and standard deviation
as well as medians for a rough assessment of asymmetry of distribution. The rates of
anomalies and malformations are reported as percentages of different abnormalities out of
the total number of abnormalities.

3. Results
3.1. First-Trimester Evaluation

In the first trimester of pregnancy, 37 cases with cardiac anomalies were diagnosed.
Thirteen of these cases were associated with genetic anomalies (Down syndrome—eight
cases, Edwards syndrome—four cases, Turner syndrome—one case). Some of these preg-
nancies were associated with at least one of the minor ultrasound markers (inverted
ductus venosus, abnormal flow in the tricuspid valve, presence of choroid plexus cysts,
absent/hypoplastic nasal bone) (Figure 4 and Table 1).

Figure 4. (A) Atrio-ventricular septal defect (Right side—Grey Scale and Left side—Color Doppler
Mode). (B) Hipoplastic left heart ((Right side—Grey Scale and Left side—Color Doppler Mode)
(C) Right aortic arch (Sepia-Color Doppler Mode). (D) Atrio-ventricular septal defect—Grey
Scale) (E) Atrio-ventricular septal defect. (Right side—Sepia and Left side—Color Doppler Mode).
(F) Hipoplastic left heart (Right side—Grey Scale and Left side—Color Doppler Mode).
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Table 1. First-trimester association between cases diagnosed with chromosomal ultrasound markers
and structural anomalies.

Anomaly Number of Cases Percent

Nuchal translucency (NT) NT < 3.5 mm—22 NT > 3.5 mm—15 15/37 (40.5%)
Ductus venosus (DV) Normal DV—33 Inverted DV—4 4/37 (10.8%)

Choroid plexus cyst (CPC) Absent—31 Present—6 6/37 (16.2%)
Intracardiac focus (FI) Absent—32 Present—5 5/37 (13.5%)

Hypoplastic or absent nasal
bone (NB) Present—31 Hypoplastic—4 Absent—2 4/37 (10.8%) and 2/37

(5.4%)

Tricuspid regurgitation (RT) Absent—32 Present—4 Absence of flow in the
tricuspid valve—1

4/37 (10.8%) and 1/37
(2.7%)

The average age was 26.8 ± 5.6 years, and the median age was 17 years. The BMI
ranged between 18.4 kg/m2 and 37 kg/m2, with an average of 23.9 kg/m2 ± 3.9 kg/m2

and a median of 22.7 kg/m2.
Increased nuchal translucency > 99th percentile was seen in 15 cases. Compared with

normal fetuses, the incidence of NT thickening was significantly increased in fetuses with
major cardiac anomalies (40.5%). Transabdominal ultrasound was performed in all of the
cases. An additional transvaginal ultrasound was performed when the transabdominal
was considered inadequate due to poor visualization in 1234 cases. The average time taken
for a transabdominal examination only for the cardiac scan was 23 min. The minimum
duration was 8 min, and maximum duration was 38 min. The mean duration for the
transvaginal and transabdominal examinations was 32.4 min. A total of 45 cases had refusal
of the transvaginal ultrasound, and in these cases, we recalled the patients for another
transabdominal ultrasound at a 10–14 day interval. Most of the fetal cardiac examinations
were performed in a single sitting. Two sittings were needed in 45 of the cases, and three
sittings were needed in two cases.

In the first trimester, we found an additional minor marker associated in a total of
23 patients, four cases with inverted ductus venosus, six cases diagnosed with choroid
plexus cyst, five cases of intracardiac focus, two cases with absent nasal bone, and four cases
with tricuspid regurgitation. From the four cases diagnosed with tricuspid regurgitation,
in two cases, we also detected a structural cardiac anomaly. All the cases associated with
cardiac and genetic anomalies had a termination of the pregnancy. In these cases, the
genetic diagnosis was made by chorionic villous sampling and amniocentesis.

In the first trimester, we diagnosed nine cases of Tetralogy of Fallot/common arterial
trunk, seven cases of hypoplastic left heart/coarctation of the aorta, five cases of right aortic
arch, four cases of atrio-ventricular septal defects, double outlet right ventricle in three
cases, D-transposition of the great arteries in three cases, univentricular heart in two cases,
cardiac complex malformation in two cases, tricuspid valve atresia with VSD in one case,
and major VSD in one case (Table 2).

Table 2. First- and second-trimester distribution of the cases detected with anomalies.

Cardiac Abnormalities
Cases Percentage

First Trimester Second Trimester First
Trimester

Second
Trimester

Common arterial trunk/Tetralogy of Fallot 9 9/37 (24.3%)
Hypoplasia of the left heart/coarctation of the aorta 7 7/37 (18.9%)

Right aortic arch 5 1 5/37 (13.5%) 1/17 (5.88%)
Atrio-ventricular septal defects 4 4/37 (10.81%)

Double outlet right ventricle 3 3/37 (8.11%)
D-transposition of the great arteries 3 3/37 (8.11%)

Univentricular heart 2 2/37 (5.41%)
Complex cardiac malformation 2 2/37 (5.41%)

Tricuspid valve atresia with VSD 1 1/37 (2.7%)
Major interventricular septal defect (VSD) 1 1/37 (2.7%)
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Table 2. Cont.

Cardiac Abnormalities
Cases Percentage

First Trimester Second Trimester First
Trimester

Second
Trimester

Tetralogy of Fallot 3 3/17 (17.65%)
Membranous VSD 5 5/17 (29.41%)

Supraventricular tachycardia (SVT) 2 2/17 (11.76%)
Coarctation of the aorta 3 3/17 (17.65%)

L-transposition of large vessels 1 1/17 (5.88%)
Cardiomegaly due to aneurysm of the vein of Galen 1 1/17 (5.88%)

Rhabdomyoma 1 1/17 (5.88%)
TOTAL Total 37 17 100% 100%

3.2. Second-Trimester Evaluation

In the second trimester of pregnancy, 17 cases of cardiac anomalies were diagnosed
(Figure 5). We detected three cases of Tetralogy of Fallot, five cases of VSD, fetal paroxys-
mal supraventricular tachycardia in two cases, coarctation of the aorta in two cases, and
rhabdomyoma in one case. From these cases, one was associated with genetic anomalies
(DiGeorge Syndrome), two cases developed hydrops and delivered prematurely in the
early third trimester, and in one case, spontaneous abortion occurred at 23 weeks due to
premature rupture of membranes (Table 2).

Figure 5. (A) Atrio-ventricular septal defect (Grey scale). (B) Transposition of the great arteries
(Sepia). (C) Coarctation of aorta (Sepia -Color Doppler Mode).

The case diagnosed with the cardiac anomaly due to aneurysmal of the vein of
Galen was associated with cardiac failure and intrauterine fetal death at a gestational age
of 28 weeks.

In this case, a fetal postnatal autopsy was performed, which confirmed the structural
anomaly. After catheterization of the right and persistent left superior vena cava and aorta,
a blue-colored gelatine was injected into the venous system, and a green-colored gelatine
was injected into the aorta. We observed a very good passage in the venous system and
high resistance pressure in the arterial system due to massive thrombosis. We identified a
dilated vein of Galen and straight sinus by the blue-colored gelatine.

One case diagnosed with paroxysmal supraventricular tachycardia was converted
to sinusal rhythm. In this case, at the moment of diagnosis, there was no fetal hydrops
detected and a delivery at 37 weeks of gestation with good prognosis and outcome.

The other case detected with paroxysmal supraventricular tachycardia at 31 weeks of
gestation presented fetal massive hydrops. After 3 days with transitory short episodes of
sinusal conversion, a preterm rupture of the amniotic membranes occurred and preterm
labor. The neonatal prognosis was poor, and the fetus died after 36 h.

The rest of the cases diagnosed in the second trimester were referred to regional cardiac
surgery centers. One of the cases diagnosed with severe coarctation of the aorta had severe
intrauterine growth restriction and a preterm delivery at 33 weeks of gestation. Due to the
neonatal prematurity complications and restriction, the fetus died at 72 h after delivery. The
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remaining two cases diagnosed with coarctation of the aorta, the three cases of Tetralogy
of Fallot, and the five cases diagnosed with VSD underwent postpartum cardiac surgery,
and no complications were reported due to the surgical intervention. The neonatal follow-
up was performed by a pediatric cardiologist until 1.5 years after birth with satisfactory
clinical evolution.

In the case diagnosed with L-transposition of the great arteries, after the couple was
counseled, they opted for termination of the pregnancy.

The discordance between the detection rates in the first and second trimester was due
to the high detection rate in the first trimester.

A z-test for comparing proportions showed that there was a statistically significant
difference between the proportion of subjects diagnosed with cardiac anomalies in the first
trimester and those diagnosed in the second trimester of pregnancy (z = 2.71, p < 0.01).

The pregnant women enrolled in the study were evaluated according to the diagnosis
algorithm (Figure 6).

Figure 6. The diagnosis algorithm for the study population.

4. Discussion
Ultrasound screening for congenital heart disease in the first trimester of pregnancy

may sometimes be a real challenge for the sonographer because of the size of the fetus
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and additional factors like maternal obesity, fetal position, uterine myomas/contractions,
anterior position of the placenta, and previous surgical intervention of the mother [4,5].

Factors affecting the ability to evaluate fetal heart anomalies during a scan at
11–13 weeks are dependent on the operator’s skills and equipment. Operators should
have a good scanning technique and a high level of expertise in fetal echocardiography.
For a better visualization, an image optimization should be performed. Because, in the
first trimester, the fetal heart dimensions are only between 6 and 10 mm, the ultrasound
machine used for the assessment of the fetal heart should include a wide spectrum of
modern image enhancers [16].

After 11 weeks of gestation, a standard evaluation of the four-chamber view can be
performed in gray-scale (98% of cases) and Doppler color (86% of cases) [16,17]. Better
screening performance was reported after 13 weeks of gestation because of the morphologi-
cal changes in the fetal heart [18]. Some cardiac abnormalities, such as cardiac tumors, aortic
and pulmonary stenosis, and cardio myopathies, are not evident until later in pregnancy
and can progress into more severe malformations. These cardiac abnormalities often go
undetected, even at the routine anomaly scan in the second trimester [18].

An early diagnosis of fetal congenital anomalies presents multiple benefits [19]. One
of them is that some of the severe CHDs have a poor prognosis, and another is that patients
might have an option for an early pregnancy termination [20]. Optimization of high-quality
images plays an important role in the first trimester; an adequate insonation angle, doppler
settings-gain, pulse repetition frequency (PRF), and wall motion filter (WMF) are very
important. Usually, it is recommended to alternate low PRF/WMF and high PRF/WMF
for a better visualization of the morphology of the ventricles/heart and great vessels [21].
The cardiac axis is modified in most cases diagnosed with severe CHDs (in over 90% of
cases), mostly as a left deviation [22].

Abnormal DV flow was reported in the first and second trimester of pregnancy to
be associated with CHD, tachycardia, cardiomyopathy, and increased right ventricular
overload. In such cases, the atrial contraction is against the increased impedance to forward
flow, resulting in a reversed flow in the DV that leads to a negative a-wave.

If an inverted DV flow is detected in the first trimester, one should pay attention to
cardiac evolving diseases in the second trimester. Also, this may lead to fetal hydrops. Our
study results show that this minor anomaly can also be associated with other structural
and genetic anomalies [23].

When tricuspid regurgitation is observed, the risk of CHDs is increased by eight-fold.
A tricuspid regurgitation was detected in higher rates in fetuses with aneuploidy [24,25].
A Doppler assessment of the ductus venosus should be included routinely in the first
trimester ultrasound examination because, when an abnormal flow is present, a major CHD
is seen in 1/3 of the cases [26].

Genetic abnormalities are observed in up to one-third of prenatally diagnosed
CHDs [27]; the prevalence of CHDs increased with the increasing of the NT thickness
in a stronger association with hypoplastic left heart syndrome and coarctation of the
aorta [28]. Our study results show similar rates. The mechanism of an increased NT in
fetuses with CHD is not fully understood. A proposed theory includes narrowing of the
aortic isthmus accompanied by narrowing of the aortic valve and ascending aorta, leading
to diversion of more blood to the head and neck [29].

Previous studies reported first-trimester detection rates over 90% for hypoplastic
hearth syndrome, atrio-ventricular septal defects (AVSD), and tricuspid or pulmonary
atresia [3,10]. On the other hand, the diagnosis of small ventricular septal defects or
conotruncal anomalies is a real challenge at this stage of gestation. In some cases diagnosed
with CHDs, prognosis indicators in the first trimester are difficult to appreciate, for example,
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diminution of the pulmonary artery diameter in cases diagnosed with Tetralogy of Fallot
(this progressive narrowing of the pulmonary artery is seen in 25% of cases) [30]. Some
CHDs (aortic stenosis [31], pulmonary stenosis [32], Ebstein anomaly [33]) are known to
evolve in the second and third trimester of pregnancy and can be missed at the time of
the routine second-trimester ultrasound screening. A discrete coarctation of the aorta can
be misdiagnosed due to the patency of the ductus arteriosus, and also, secundum atrial
defects can be misdiagnosed due to the patency of the foramen ovale.

Our study confirms the diagnostic role of ultrasound starting from the late first
trimester. Our data support the use of a standard morphological protocol when perform-
ing the examination. Using this protocol, we succeeded in detecting many major and
minor structural anomalies, especially in the first trimester. The detection rates, as our
study results show, are similar to the data obtained from the current literature [2,20]. De-
spite all this progress, a publication of the Society of Thoracic Surgeons Congenital Heart
Surgery [34] describes only a 57% detection rate of CHD in the case of an abnormality of
the four-chamber view, and only 32% detection rates in the case of an abnormality of the
great vessels in contrast with CNS anomalies, who reported better detection rates for the
first trimester [35].

Ultrasound training is very important in the case of performing ultrasound screening
for the detection of CHD [36]; an early detailed assessment of the fetal heart requires a high
level of expertise in fetal echocardiography.

The limitations of this study are the following: a low number of detected cases, due to
the study design; a low-risk population, and a single-center study.

The strengths of this study are the following: important contributions, such as the
longitudinal analysis of combined first- and second-trimester screening, and the detailed
ultrasound protocols.

5. Conclusions
Ultrasound screening for the detection of congenital heart disease is feasible early in

pregnancy, but some anomalies would be obvious later in pregnancy. An early diagnosis
will improve the prognosis and overall survival rates because of the performance of genetic
tests; evaluation in a multidisciplinary team, formed by a fetal medicine specialist, geneti-
cist, pediatric cardiologist, and cardiac surgeons; and also the delivery in a tertiary center,
which allows for rapid cardiac surgery in dedicated cases. With the increasing quality of
imaging and the use of artificial intelligence (AI), in the future, we hope to improve the
diagnosis rates and to eliminate discrepancies between the tertiary centers and basic centers
in diagnostic rates.

Although some fetal anomalies cannot be diagnosed in the first trimester, the
major structural anomalies can. In relation to this, major congenital heart anoma-
lies can be diagnosed in the late first trimester by using the obstetrical ultrasound
guidelines’ recommendations.

The detection of major CHDs at 11–13 weeks of gestation is improved by the associa-
tion with other structural and genetic ultrasound markers. The use of both transabdominal
and transvaginal ultrasound improves the anomaly detection rate. However, the limitations
of fetal cardiac assessment in the first trimester and the evolving heart diseases during preg-
nancy should motivate the practitioners to continue the cardiac evaluation in the second
and third trimester of pregnancy. Our study results demonstrated that, although we can
detect most of the severe cardiac anomalies in the first trimester, this primary evaluation
should not replace further evaluation.
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