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Introduction
Sonography provided important data in understanding the anatomic development and 

physiology of the fetus since its early stages [1]. An efficient First Trimester (FT) morphologic scan 
would offer the possibility to terminate earlier the pregnancy in cases where severe fetal abnormalities 
are detected, safer, and with less economic and emotional costs. This provides a shift in the timing of 
fetal diagnosis and mortality, which is very important, because major fetal anomalies account for a 
quarter of the neonatal deaths and associate long-term disabilities with considerable societal cost if 
the parents elect the termination of pregnancy with severe anomalies detected [2,3].

Despite the significant impact of the FT screening on pregnancies with major Congenital Heart 
Diseases (CHD) [4], we should not underestimate the value of the second trimester fetal anomaly 
scan, as it still represents the main baseline against which earlier scans should be compared for the 
confirmation of fetal anatomical features [5-9].

Targeted Population or Screening Evaluation?
At first FT anomaly scan was offered to high-risk groups and selected population but because 

many CHD were found also in low risk population many authors agreed to screen all pregnancies 
for CHD [10-17]. The main inconvenience in examining low risk population is the high number 
of false negatives and costs in term of time and machines. The heart protocol is different when 
visualizing the heart in the FT in an unselected population or in a referral one, due to the difficulty 
of the early heart evaluation when dealing with high-risk pregnancy for cardiac defects [18].

Due to the latest advances in technology and machines, operators tried to examine the fetal 
heart as early as 10 Gestational Weeks (GW), when four heart chambers and outflow tracts of the 
great vessels views were obtained [19]. Thus, as gestational age increases the detection rate of fetal 
cardiac abnormalities is better from 20% at 11 GW to 92% at 13 GW with a Trans vaginal (TV) 
probe to 100% of visualization at 14 -15 GW [20-22]. Therefore, many authors concluded that the 
fetal cardiac anatomy is better accessible at the end of the FT [16,23-25].
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Imaging Technique 
The basic technique in scanning the fetal heart in the Second 

Trimester (ST) is the grey scale. Thus, important information can 
also be obtained using modern advanced sonographic techniques 
such as Doppler ultrasonography. With Doppler imaging, blood flow 
velocity and flow patterns across valves and within heart chambers 
are better evaluated. To analyze dysrhythmias, suspected ventricular 
dysfunction and abnormal wall thickness is indicated to use M-mode 
echocardiography. Many controversies exist regarding the routine 
use of color Doppler in low-risk populations and it is considered 
an optional method recommended for suspected cardiac flow 
abnormalities [26,27]. Nevertheless, the use of color Doppler in FT 
is necessary because of the low discrimination of the heart structures 
in B-mode and improved visualization of normal cardiac structures, 
early detection of conotruncal anomalies and assessing tricuspid 
and ductusvenosus flow patterns [28,29]. The use of color Doppler 
should be restricted according to “As Low As Reasonably Achievable” 
(ALARA) principle [30-32].

First trimester scan of the fetal heart has been performed Trans 
vaginally since the beginning of the 1990s [33-44]. The constant 
improving of ultrasound (US) systems’ resolution over the past years 
enabled the sonographers to evaluate Trans abdominally the fetal 
anatomy at early scans [45-48]. Consecutively, basic cardiac views 
were incorporated in the routine 11–13 weeks’ morpho-genetic scan 
and positive results were noted. We will discuss in this paper the 
achievements and the necessary settings for an adequate FT cardiac 
evaluation.

The examination Protocol of the Fetal Heart 
The main planes investigated in the second trimester can be 

imagined also in the first trimester, with less detailed accuracy 
(Figure 1 and 2) [49]. Previously, using only the 4CV protocol, a wide 
range of CHD were prenatally diagnosed up to 77%, while adding 
the outflow tracts views (OTV) in the scanning protocol increases 
antenatal detection rate to 83%-92%. The four-Chamber View 
(4CV) is indeed insufficient as many conotruncal cardio-vascular 
anomalies may not be detected at that level of the fetal heart, thus 
imaging of the outflow tracts is mandatory and very helpful in the 
prenatal diagnosis of a coarctation of the aorta, hypoplastic left heart, 
tetralogy of Fallot, double outlet right ventricle, truncus arteriosus, 
corrected or non-corrected transposition of great vessels. During 
the last decades, five scan protocols for fetal CHD diagnosis have 
been commonly used: 4CV, 4CV + OTV/ three Vessels and Trachea 
View (3VTV), 4CV+OTV+3TV, Extended Cardiac Echography 
Examination (ECEE) and Four-Dimensional (4D) Spatiotemporal 
Image Correlation (STIC). Overall, prenatal ultrasound in the 
detection of CHD had a moderate sensitivity of 68.1% and a 
favourable specificity of 99.9%. The pooled sensitivities significantly 
increased to varying extents with the following echocardiographic 
views: 48.7% for four-Chamber View (4CV); 58.0% for a combination 
of 4CV and Outflow Tract Views (OTV); 73.5% for combination 
of 4CV, OTV and three Vessels and Trachea View (3VTV); 77.1% 
for Extensive Cardiac Echocardiography Examination (ECEE); 
and 89.6% for Spatiotemporal Image Correlation (STIC) [50]. The 
overall performance of pooled sensitivities of Spatiotemporal Image 
Correlation (STIC), Extend Cardiac Echography Examination 
(ECEE) and 4 chambers view + outflow tract view + 3 vessels and 
trachea view (4CV + OTV + 3VTV) were around 0.90, which was 
significant higher than that of 4 chambers view + outflow tract view 

or 3 vessels and trachea view (4CV + OTV/3VTV) and 4 chambers 
view (4CV). Unfortunately the pooled specificity of STIC was 0.92, 
which was significantly lower than that of other 4 protocols which 
reached at 1.00 [51].

The pooled sensitivity of the first trimester was 60.3%, compared 
with 60.9% in second trimester and to 77.4% of the second to third 
trimester [52].

Sinkovskaya and colleagues measured the cardiac axis on the 
four-chamber view. In early pregnancy, the mean value for the 
cardiac axis, based on 94 fetuses with non-cardiac abnormalities, was 
approximately 47° with limits of normality set between 35° and 60° 
and it impossible to measure the cardiac axis in early pregnancy and 
this may help to identify pregnancies at risk of CHD [53,54].

4D-STIC is very useful well known tool for the assessment of fetal 
heart after 15 weeks of gestation. Recent studies have reported that 
STIC can be successfully used in evaluation of the fetal heart during 
11–13 + 6 scan and is likely to improve the detection of CHD in expert 
hands [55,56]. The 2nd trimester rules for STIC do not work at this 
time. The acquisition angle, time and most importantly the original 
plane of acquisition placement have to be changed.

Satisfactory first trimester STIC acquisition is difficult due to 
motion artifact. When acquisition is satisfactory, diagnoses based on 
offline reconstruction correlate with the traditional two dimensional 
first trimester echocardiogram. Still STIC technology also offers 
advantages, such as access to virtual planes not available for direct 
visualization in 2D US demonstrated that volume datasets from a 
first-trimester fetal heart can be acquired in a high proportion of cases 
by properly trained non-expert operators and sent to an expert in 
ECEE for offline evaluation via telemedicine. Studies showed that the 
pooled specificity of STIC was 0.92, significantly lower than that of 
other 4 protocols which reached at 1.00. Thus, STIC technique should 
not be used alone in making a definite diagnosis, although it can be 
used in the fetal heart examination with the aim of providing more 
information for local details of defects.

It was stated that 2DUS, performed on a standardized protocol, 
is feasible and repeatable within and between observers in visualizing 
the normal heart structures as early as 11 GW-13.6 GW [28]. There 
are many factors that have consistently been incriminated on the 
low diagnostic performance of FT cardiac scan: some that operators 
cannot alter (the risk profile of the study population, high body mass 
index, anterior placenta, retroversion, surgical scars), and some that 
may be worked on: the training of examiners, the number of cardiac 
planes that are incorporated into the assessment, the addition of color 
Doppler imaging and the insonation angle used for data acquisition.

Previous investigators have shown that high maternal Body 
Mass Index (BMI) and small fetal size have a negative impact on 
success rates of first-trimester scans but more recent studies claim 
no influence of the BMI and crown-rump length in fetal cardiac 
assessment between 12 to14 gestational weeks [23,57-59].

During the standardized transverse scanning planes for fetal 
echocardiography the sonographer is sweeping the transducer beam 
in a transverse plane from the level of the four-chamber view towards 
the fetal neck as presented in the left of the image. By doing so, the 
following views become apparent: four-Chamber View (4CV), 
arterial outflow tracts: Left Ventricular Outflow Tract (LVOT), Right 
Ventricular Outflow Tract (RVOT) and the three-Vessel and Trachea 
View (3VTV). 
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The following views become apparent: the upper abdominal 
view, showing the abdominal situs, the four-chamber view (B), left 
ventricular outflow tract (C), right ventricular outflow tract and the 
three-vessel and trachea view (D).

Obviously, the color Doppler technique is much superior in 
identifying and defining the cardiac features.

Detection Rate Accuracy
The advances in improving the first trimester examination 

include efforts for a better visualization of the fetal heart in an attempt 
to detect as many CHD as possible. Some time ago, the fetal cardiac 
examination was considered optimally performed in the second 
trimester between 18 and 22 weeks of gestation. There are anomalies 
that in expert hands can be detectable in the first trimester if an 
appropriate protocol is used. On the other hand, there can be cardiac 
lesions that evolve in utero as gestational age advances or even occur 
later during pregnancy: hypoplastic left heart syndrome, coarctation 
of the aorta, endocardial fibroelastosis due to aortic stenosis, 
pulmonary stenosis, and tetralogy of Fallot [28,60]. The absence of 
a CHD detected in the prenatal period does not entirely exclude the 
development of later cardiac anomalies such as cardiomyopathy or 
cardiac tumors that can evolve even after birth [61]. The FT scan is 
not a technique without blemish. The most missed lesions during 
the evaluation were the ventricular septal defects due to limited 
resolution, the small size of the lesion and low flow velocities in the 
FT.

The accuracy represents the ability of a measurement to match the 
actual value of the quantity being measured and should be reported 
concerning the FT US scan diagnose of major CHD. A recent 
systematic review of the literature reported that pooled sensitivity and 
specificity were 85% and 99% respectively [62]. This demonstrated a 
high accuracy (specificity approaching 100%). In terms of detection 
rate of major CHD, recent reports have advocated a percentage of 80-
90% when an extended standardized heart screening protocol is used 
[10,63]. Nevertheless this detection rate can vary depending of several 
factors such as the protocol used, studied population (high or low-
risk), scan route (transvaginal, transabdominal or both), definition 
and prevalence of major CHD.

Sensitivity of FT US examination in detection of fetal major CHD 

has wide variations in low risk populations in the literature: 36.8% , 
57 % , 84.2% ,90% (61), 93.1% sometimes close to sensitivity of study 
on high risk with increased nuchal translucency (NT) population 
[10,46,47,64,65].

The Utility of the FT Screening Markers for 
CHD

NT measurement, Ductusvenosus (DV) assessment and Tricuspid 
Regurgitation (TR) identification were proposed in the literature as 
early screening markers for fetal CHD. 

A nuchal scan is a sonographic prenatal screening scan to help 
identifying higher chances for chromosomal conditions in a fetus 
[29,65]. Increased NT is also associated with congenital heart defect 
even in fetuses with normal karyotype [9,24,29,66]. A significant 
drawback when using the NT as a marker for cardiac anomalies is 
represented by the differences in cut-offs used to define an increased 
NT (95th or 99 th percentile, 1.7, 2, 2.5 or 3 Multiples of Median (MoM)), 
gestational ages at the time of NT measurement (10+4 to13+6 vs. 
11 to14 weeks’ gestation), study populations (high versus low-risk), 
study design (prospective vs. retrospective) and even the definition of 
a major CHD. On one hand, the percentages of reported prevalence 
of CHD differ from 2 to 20% when using the 95th percentile cut-off 
for the NT and when using the 99th percentile cut-off for the NT, the 
risk of CHD is six times higher in an unselected population [29,67]. 
On the other hand, the sensitivity and the specificity vary and a recent 
meta-analysis reported a 31% detection rate for CHD and a specificity 
of 98.7% using the 99th centile for NT cut-off and 37% sensitivity 

Figure 1: Second trimester fetal cardiac sweep.

Figure 2: First trimester fetal cardiac sweep. In a similar manner the 
sonographer is sweeping the transducer beam in a trans verse plane from 
the level of the four-chamber view towards the fetal neck. 

http://www.smgebooks.com/echocardiography/chapters/ECHO-16-05.pdf
http://www.smgebooks.com/echocardiography/chapters/ECHO-16-05.pdf
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and 96.6% using the 95th centile. The prevalence of major CHD can 
increase exponentially with increasing NT thickness from 0.6% - 
6.2% in those with NT of 2.5 to 3.4 mm to 2.3% - 12.2% in those with 
a NT of 3.5 mm or more. From these pooled data resulted an overall 
detection rate of 28.4% and a false positive rate of 3% for major CHD 
in chromosomally normal fetuses with increased NT.

In summary, most studies consider the NT an important marker 
in screening for cardiac anomalies even in chromosomally normal 
fetuses, with a detection rate of below 5% when only maternal risk 
factors are considered and without any relation to a particular type 
of cardiac malformation. Several studies rule out the significance of 
the NT measurement in FT CHD detection in unselected or low-risk 
populations [68].

Beside the NT scan there are 2 other parameters proposed to 
improve the assessment of early screening for cardiac defects: the 
DV flow evaluation and the identification of TR. An abnormal DV 
flow pattern is represented by an absent or reversed a-wave and when 
present may be associated with a three-fold risk for major CHD, or 
an increased PI (pulsatility index) [69]. The finding of a reversed 
a-wave can increase the risk of cardiac defects by almost 10 times, 
with a predominance of right-heart anomalies regardless of the 
measurement of NT. [70,71] Considering DV regardless of NT status, 
it was reported a sensitivity of 50% and a specificity of 93%. When 
DV was associated with increased NT, the summary sensitivity and 
specificity were 83 and 80%, and for those with normal NT, they were 
19 and 96%, respectively[70].

If chromosomally normal fetus presents TR at first trimester 
ultrasound evaluation, there have been reported an increased risk for 
CHD by 8 times [72].

Sensitivity of at least one of the ultrasound markers, NT 
measurement between 95th-99th percentile, >99th percentile (>3.5 
mm), TR or inverted a-wave at the DV for detection of major CHD 
cases was 74%, 22%, 39%, 35%, 30%, respectively. Specificity of 
different first trimester ultrasound markers for detection of CHD 
cases: specificity of NT measurement between 95th-99th percentile, 
>99th percentile (>3.5 mm), TR or inverted a-wave at the DV for 
detection of major CHD cases was 4.30%, 0.58%, 0.92%, 1.94% [73].

In conclusion, when detected at 11-14 weeks gestation, the 
association of an increased NT with TR and/or abnormal DV indicates 
the highest risk for a major CHD. Increased NT, TR and abnormal 
DV flow can be important indicators for echocardiography, which is 
favorable to early prenatal diagnosis of CHD.

Follow up by Diagnostic Fetal 
Echocardiography

Following a suspected cardiac abnormality in mid-gestation, the 
accepted recommendation in the UK is that the pregnant woman be 
offered an appointment as soon as possible, but preferably within a 
week. An unexpected abnormal ultrasound finding leads to parental 
anxiety, vacillation between emotional confusion and sense of reality. 
Parents adapt but they need additional information about diagnosis, 
achievable by extensive multidisciplinary counseling, genetics and 
perinatal autopsy assay. Thus, prenatal counseling for the subsequent 
pregnancies has its best premises. However, these important 
interventions are related to the availability of qualified practitioners 
and equipment, local medical practice and legal considerations. In 
many countries, insurance-related cost reimbursements strongly 

influence the extent and implementation of routine pregnancy scans.
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