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Abstract

Objectives To determine the sensitivity and specificity of two-dimensional ultrasound (2DUS) and four-
dimensional US (4DUS) in major congenital heart diseases (MCHDs) screening at 11 to 13 +4 weeks. We used:
specialists’ team 2DUS reexamination, pathological examination, and subsequently assessment as the reference
standard methods.

Methods Videoclips and spatial temporal image correlation (STIC) datasets from 1456 pregnant women
were analyzed, using a standard protocol for storing and postprocessing data. Estimates of sensitivity, specificity
and likelihood ratios were calculated by comparing antenatal findings with subsequent verification of diagnosis.
Likelihood ratios and diagnostic odds ratio are reported. McNemar’s test for dependent proportion and sign test
was used in order to compare the sensitivity of the techniques.

Results There were 13 MCHDs cases. 11 cases (84.62%) were first trimester diagnosed. The prenatal
detection rate was 100%. Sensitivity, specificity and positive and negative predictive values of 2DUS in determining
the presence or absence of MCHD were 84.62%, 99.85%, 84.62%, 99.85% and 84.62%, 99.70%, 73.33%, 99.84%
for 4DUS. 2DUS method had a diagnostic odds ratio of 3619 and the 4DUS method 1806.75.

Conclusion 2DUS and 4DUS performed with good quality systems and using standard protocols are highly
accurate tools for the early MCHDs diagnosis.

Rezumat: Acurateţea examinării ecografice 2D şi 4D în diagnosticul anomaliilor cardiace
congenitale în primul trimestru de sarcină

Obiective Determinarea sensibilităţii şi specificităţii examinării ecografice 2D şi 4D în screening-ul pentru
anomalii cardiace congenitale, la 11 – 13+4 săptămâni de sarcină. Ca metode standard de referinţă am folosit:
reexaminarea în echipă multidisciplinară, examinarea anatomopatologică şi reevaluarea ecografică ulterioară.

Material şi metodă Au fost analizate datele a 1456 cazuri (videoclipuri şi imagini STIC - spatial temporal
image correlation), obţinute şi postprocesate după un protocol standard. Au fost calculate sensibili tatea,
specificitatea şi ratele de probabilitate (likelihood ratios – LRs), prin compararea diagnosticului prenatal cu
diagnosticul final. S-a folosit testul McNemar pentru proporii dependente.

Rezultate În seria de cazuri au fost prezente 13 cazuri de anomalii cardiace congenitale majore. 11 cazuri
(84.62%) au fost diagnosticate în primul trimestru de sarcină. Toate cazurile au fost diagnosticate în perioada
prenatală. Sensibilitatea, specificitatea şi valorile predictive pozitive şi negative au fost 84.62%, 99.85%, 84.62%,
99.85% (pentru metoda 2D) şi respectiv 84.62%, 99.70%, 73.33%, 99.84% pentru metoda 4D). Diagnostic odds
ratio (DOR) a fost 3619 pentru metoda 2D şi respectiv 1806.75 pentru 4D.

Concluzii Dacă se folosesc sisteme de performanţă şi protocoale standard, ambele metode (2D şi 4D) ating
rate mari de acurateţe în diagnosticul precoce a anomaliilor cardiace majore.

Cuvinte cheie: Ecografie cardiacă fetală, ecografie 3D/4D, ecografie fetală de prim  trimestru,
                            anomalie cardiacă fetală majoră, acuratee, screening.
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Introduction

Recent years have pushed the diagnostic of
all major extracardiac anomalies towards the first
trimester (FT) and today there is proof that most of
them are identifiable under 14 weeks (1,2). The fetal
heart remained the only system where ultrasound (US)
morphological protocols for FT screening are not yet
established (3). Until present, different studies have
shown different results regarding two-dimensional (2D)
US FT detection for major congenital heart diseases
(MCHDs), yet with rather high pooled results on
sensitivity and specificity (85% and 99%) (4).
Difficulties are encountered especially in cases of
isolated MCHDs, and in low risk populations. This is
probably due to the various FT scan protocols,
operators’ skills, routes and US equipment used
(1,2,4,5,6,7). Since late 90s, many studies have shown
that telemedicine has become a reality and its benefits
in reassessing spatial temporal image correlation
(STIC) datasets has been advocated (8,9,10,11,12),
showing accuracy as high as 79% (10) and 88.7% (11).
Nevertheless, many researchers have admitted that a
large percent of the volume datasets had a limited
clinical value (8,10,11).

FT detailed anomaly scan has reached
sufficient technical maturity and has been deemed safe
(13), enough to allow more widespread application.
Both 2D and 4D methods are feasible and repeatable
within and between observers in visualizing the FT
normal heart structures, if performed upon a
standardized protocol, with nowadays systems (14).
The aims of the study are to assess the suitability of
simplified 2DUS and 4DUS protocols for MCHDs
detection or earlier suspicion, the sensitivity and
specificity of the two methods, and to compare
diagnostic accuracy between the two tests. Although
the diagnostic performance of 4DUS, in terms of
specificity and sensitivity, has been highlighted in other
studies (8,9,10), its comparative diagnostic value against
2DUS has not been sufficiently explored.

Benefits related to antenatal detection of
MCHD have been demonstrated (15) and efforts are
made to provide antenatal screening to all patients.
Although second trimester (ST) anomaly scan still
represents the gold standard for the identification of

MCHDs, an earlier accurate screening test would be
desirable in order to give the parents either early
reassurance regarding normality (in the majority of
cases) or the whole spectrum of choices in managing
the affected pregnancies. Accuracy of FT fetal heart
studies requires good quality standard tests for detecting
MCHDs, to prevent the excess of aggressive
interventions for suspected anomalies. Moreover, early
surgical terminations may prevent obtaining a complete
diagnosis, thus the performance of any diagnosis
method may be over- or underestimated.

Methods

This is a single centre study performed
between January 2011 and December 2014, in cases
attending our Prenatal Diagnostic Unit, for first
trimester (FT) screening for aneuploidies. Inclusion
criteria were: singleton pregnancies, with a fetal crown-
rump length (CRL) of 44-74 mm, detailed anomaly
FT genetic scan and complete follow-up in our
institution. We recruited pregnancies consecutively.
The exclusion criterion was the absence of signed
informed consent.

Ultrasound examinations were performed
using an E8 (GE Medical Systems, Zipf, Austria)
machine, equipped with 4-8-MHz curvilinear
transducer. When using color Doppler the mechanical
and thermal indices were kept as low as possible
(ALARA principle) (16).

The first step of the study was performed
between January 2011 and December 2013. We used
a simplified FT protocol, obtaining transabdominally a
three planes cardiac sweep, in an oblique lateral
insonation from the right shoulder (with the
interventricular septum at 450 to the ultrasound beam):
the four chamber view (4CV) plane, the crossing plane
and the three vessels and trachea view (3VTv) plane,
and one additional plane – the transversal abdominal
plane for confirming the situs (apex, thoracic aorta
and stomach image in the left side of the fetus). The
rationale of evaluating the outflow tracts is based on
the speculation that, similar to the ST scan, this
approach could increase the detection rates for
MCHDs above those achievable by the four-chamber
(4CV) view alone (17). The digital videoclips were
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stored in duplex two-dimensional/two dimensional color
(2D/2DC), with the color/high definition (HD) flow
mapping. Failure to obtain the normal features in these
cardiac planes resulted in a screen-positive case
(“suspicion of MCHD”).

All volume datasets were obtained from the
same insonation angle, with color/HD flow mapping
applied, with minimal or no motion artefacts observed.
The acquisition plane was the five chamber view, the
acquisition time was 7.5 seconds, and the angle was
150-200. No volume datasets were post-processed in
this stage.

Positive 2DUS screened cases were
rescheduled before 13 weeks and 4 days for board
re-examination: two senior obstetricians experts in
prenatal diagnostic, a cardiologist and a neonatologist.

The most informative STIC dataset was stored
in a separate database after anonymisation.

ST extended basic cardiac scans (17,18) and
standard neonatal clinic exam (19) were performed in
all cases. ST echocardiography (20) and neonatal
ultrasound cardiac exam were performed if indicated.
All cases entered the general practitioner follow-up

program and the feed-back was obtained at six to
twelve month of age.

In the second stage of the study the post-
processing was performed by a standard protocol,
between the 1st June and the 1st December 2014. The
anonymised cases were randomised and two observers
(T.S. and I.D.G.) retrospectively reanalysed the
datasets offline, using 4D View (Version 9.1.1.0; GE
Healthcare, Waukesha, WI, USA).

A standardized algorithm was used in order
to obtain the standard diagnostic planes. It consisted
in visualizing the heart and the great vessels in color
surface rendering, and in a simplified variant of the
‘swing technique’ echo, described by Yeo in 2011 (21)
by applying the OmniView technology (videoclip in
supplemental material).

The operator completed on the form a newly
described parameter, “the normal spatial arrangement
between ventricular inflows and outflow tracts”, in the
surface rendering mode, with high definition flow
mapping applied. This is an easy to recognize feature
in normal cases (Figure 1). He noted the same
parameters as the ones completed in the 2D technique

Figure 1. Spatial temporal image correlation (STIC) dataset, displayed in the surface rendering mode (high definition flow
mapping applied), in a normal heart case. The described parameter ”normal spatial arrangement between inflows and
outflows” seen: normal inflows (in red), normal outflows (in blue). The STIC dataset was acquired in an oblique lateral
insonation from the right shoulder (with the interventricular septum at approximately 450 to the ultrasound beam).
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(Figure 2 and Figure 3). Both second stage observers
were blinded to the patient’s data, including personal
data, 2D sweep information, history, and associated
features of the fetus. Same principle resulted in a
screen-positive case using 4DUS method.

The following data were analysed in the study:
traditional maternal risk factors for CHD (first-degree
relative with CHD, prior child with CHD, type 1
diabetes, infections, autoimmune antibodies, teratogen
exposure), fetal risk factors for CHD (associated
extracardiac anomalies) (17). We also noted aspects
of genetic additional markers: NT measurement, the
nasal bone, tricuspid valve and ductus venousus
spectral Doppler interrogation, results of invasive
manoeuvres, the scanning and reanalysing time interval.

Couples that opted for FT termination of
pregnancy (TOP) were referred for multidisciplinary
counselling. None of the TOP decisions was made on
fetal heart study findings only, but if the couple
requested it, the team advocated for medical TOP,
regardless the gestational age (GA) and autopsy was
offered in all cases.

Standard tests
Board
Due to inherent limitation of FT cardiac

pathological examination (22,23) and to the
circumstance that in our setting there is a general

tendency for late FT surgical TOP, we used as
standard test, in addition to the wide-world accepted
gold-standard tests (ST/third trimester cardiac scan,
postpartum scan and pathology), the team agreement
on the existence of a MCHD on the FT. If all specialists
agreed on the fact that a MCHD is present, the board
examination was considered an appropriate standard
test.

ST scan
In all pregnancies the ST ‘basic’ and

‘extended basic’ cardiac ultrasound examinations were
offered. They are designed to maximize the detection
of heart anomalies during a second-trimester scan (17).
The ST extended basic cardiac scan and fetal
echocardiography were performed following the
ISUOG guidelines (17,18,20).

Neonatal evaluation
All new-born assessment of the cardiovascular

system included checking the position of the heart,
auscultation (heart rate, rhythm and sounds, murmurs)
and palpation (femoral pulse volume) (19). The
rationale for new-born screening for CHD lies in its
potential to influence natural history by early pre-
symptomatic detection and intervention prior to
cardiovascular collapse (24). Pulse oximetry was
performed (25) if any suspicious sign.

Figure 2. Spatial temporal image correlation (STIC) dataset postprocessing: the simplified variant of the ‘swing
technique’ echo (Yeo 201118), using the OmniView technology. The technique is used to image standard fetal cardiac
planes by drawing successive dissecting planes through the longitudinal view of the ductal arch contained in a STIC
volume color dataset. The unlocked line ”swings” through the ductal arch image, providing the cardiac planes in
sequence. The four chamber view seen, at the caudal level.
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We frequently used the addition of a chest
radiograph and an echocardiogram

Pathology
The pathologist was not blinded to the scan

results. This standard test was considered if the FT
autopsy photographic files were available (Sony DSLR
A200 camera -10.2 megapixels, Leica IC80HD digital
microscope camera - 3 megapixels): the heart, the great
arteries in situ and neck vessels arising from the aortic
arch. Sensitive instruments and strong illumination were
used. In the ST specimens we used the six basic steps
to opening the heart in situ, as classic protocol
description (26). Some malformed hearts required a
customized approach to dissection.

Statistical analysis
Descriptive statistics were used to report

relevant patients’ baseline characteristics (maternal and
gestational age, BMI and CRL).

Study design allowed us to construct a 2×2
table of true positive, false positive, false negative and
true negative values.

We calculated estimates of sensitivity,
specificity, with 95% confidence intervals, by
confronting antenatal findings with subsequent
verification of diagnosis.

In order to compare the performance of the
tests we chose to report also likelihood ratios (LRs)
and diagnostic odds ratio (DOR).

Since our study design is paired (two methods
evaluated on the same set of patients), we used
McNemar’s test for dependent proportion, exclusively
among diseased patients in order to compare
sensitivities and for comparing specificities among
healthy individuals.

We assumed that both 2DUS and 4DUS had
good repeatability, with very good intra- and inter-
observer agreement in assessing FT heart structures
(14). Statistical analyses were performed using IBM
SPSS Statistics for Windows, Version 19.0, Armonk,
NY: IBM Corp.

Results

The flow diagrams (27) for both 2D and 4D
methods are presented in Figure 4 and Figure 5.

1456 fetuses were examined during the study
period. Confirmation was obtained in 1331 cases.
MCHDs were diagnosed in 13 fetuses. 11 MCHDs
(84.62%) were diagnosed during the FT and two
MCHDs (15.38%) were found in the second trimester.
All MCHDs were prenatally detected. The lost to
follow-up rate was 8.17%.

The median maternal age was 32 (range 18–
43) years, the median GA was 12.4 (range 11.4 – 13.4)
weeks, the median maternal BMI was 21.24 (range
16.5 – 36) and the median CRL was 66  mm (range
44-74 mm). The prevalence of MCHDs was 9.76 per
1000 births.

Figure 3. The same technique described in the Figure 2. The unlocked line ”swinging” through the ductal arch image
is showing, at the cranial level, the the confluence of the arches on the left side of the spine: the ”V sign”.
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In our pathological case series, all but one
diagnosed cases (92.3%) belonged to the low risk for
CHD patients, considering the traditional maternal risk
factors (17). In the case series with no cardiac
anomalies, we had 26/1317 cases (2%) that belonged
to the high risk for CHD group, having at least one of
the above mentioned risk factors.

The 2DUS method protocol was achieved in
the vast majority of cases (97%) in less than 10 minutes.
For the 4DUS method protocol the operator spent
between 3 and 7 minutes processing time interval for
each uploaded STIC volume.

Our final results regarding the 2DUS and
4DUS suspected diagnostic, the type of confirmation
and the pregnancy outcome are summarized in table1.

9 cases were confirmed by means of
conventional standard tests. Real positive cases were
identified as MCHDs by both methods in 11 cases.
2DUS reached the specific diagnosis in all cases and
the 4DUS - in 9 cases.

There were two cases of MCHDs (TOF and
critical Ao stenosis) that were missed by both methods
used.

We had 2 false positive cases by using the
2DUS method and 4 false positive cases using the
4DUS method. Only one of them was common to both
methods. The case where the result of both methods
was misinterpreted as MCHD was an isolated
dextrocardia with normal heart (using the 2DUS
method the operator suspected dextrocardia associated
with GAT, using STIC datasets the operator suspected
heterotaxy syndrome with MDHD).

The identification of the searched 2D and 4D
parameters in the pathologic case series is shown in
table 2.

The correlations between the specific MCHD,
the associated anomalies, the US additional markers
for chromosomal anomalies, the invasive manoeuvres
and their results are summarized in table 3. In 7 cases
(53.85%), additional extracardiac or chromosomal
anomalies were present.

In 76.92% TOP was performed. None of the
parents refused post-mortem examination. In 53.84%
cases the pathology confirmed the prenatal diagnosis.
The parents declined the post-mortem autopsy in the
delivered alive fetus (Table 1).

The sensitivity, specificity and positive and
negative likelihood ratio (LR) values and diagnostic
odds ratio with 95% CI for each FT ultrasound
techniques are shown in Table 4.

Positive 2DUS and 4DUS scans diagnosed
MCHD with high accuracy (specificity 99.85% vs
99.70%, p>0.05 McNemar test). When negative,
2DUS and 4DUS diagnosed fetuses with a normal
heart with equal accuracy (sensitivity 84.62%).

Positive LRs for both ultrasound techniques
were much greater than 10, proving strong evidence
to rule in MCHDs. 2DUS had superior positive LR
than 4DUS (557.62 vs 278.81) indicating that the test
is better for ruling in MCHDs. The negative LRs of
both methods were equal (0.15) showing moderate
evidence for ruling out MCHDs.

2DUS seems also to perform better than
4DUS due to higher DOR28 (3619 vs 1806.75).

Discussion

We have learned, both from daily experience
and from objective studies that the anomalies detection
rates are influenced by the objectives set for the scan,
by the personal approach and by the presence of an
easily detectable marker for an underlying abnormality
(1).

Some CHDs are not satisfactorily reparable
and can lead to serious disability. For them TOP should
be offered. For some CHDs intra-uterine treatment
reduces morbidity, and the prenatal diagnose of certain
CHDs leads to altered postnatal management or
outcome.

Although the fetal heart has a complex
development process in early gestation, being fully
developed at the end of 8th week (29), recent studies
have shown that fetal diagnosis still has low detection
rates regardless the GA (1,4,6,15,17,24,30). It was
stated that low detection rates of CHDs in the ST are
due to the infrequent exposure of operators at abnormal
heart images. Still, after introducing training programs
and wider spreading of extended basic cardiac scan,
the detection rates invariably improved (17).  Thus, it
is reasonable to expect that becoming acquainted to
the normal views will increase the probability to
recognize the abnormal case. Until now, the fetal heart
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assessment has not been a part of the FT routine scan.
Similar to the ST experience, a wider spread of FT
cardiac scan will probably raise the FT detection rates,
the vast majority of fetuses being normal, therefore

allowing operators’ to become familiar with FT normal
features. Moreover, it may be speculated that the
effectiveness of tests used for further follow-up will
be improved by increased detection rates in the FT.

Figure 4. The flow diagram for the two-dimensional ultrasound screened cases.

Figure 5. The flow diagram for the four-dimensional ultrasound screened cases.
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There is no primary preventive intervention
available for CHDs. The heterogeneity of CHDs (24)
and the progression of some cardiac in utero lesions
represent particular problems for screening. FT direct
cardiac scan will probably have a different capacity to
detect life-threatening CHDs and will not detect all
defects equally well. Performing FT screening for
CHDs on large scale should provide the early detection
rate for MCHDs and offer the basis for organizing
cost-effectiveness analysis.

Our results confirm7 that the majority of CHDs
does not occur in the high risk for CHD patients,
defined by traditional risk factors.

Positive FT ultrasound cardiac scans,
regardless the 2DUS or 4DUS approach, suspected
MCHDs with a high accuracy (specificity approaching
100%).

Of notice, using only the newly 4DUS
described parameter (the “normal spatial arrangement”
of the flows, a 4DUS surface render feature that is

Table 1. Agreement between two-dimensional ultrasound/four-dimensional ultrasound first trimester suspected spe-
cific diagnostic and real diagnostic; type of verification used.

Abbreviations:  CHD = congenital heart disease, FT = first trimester, 2DUS = two-dimensional ultrasound, 4DUS = four-
dimensional ultrasound, ST = second trimester, TOF = tetralogy of Fallot, RAA = right aortic arch, EIF = echogenic
intracardiac foci, TOP = termination of pregnancy, GAT = great arteries transposition, AVSD = atrio-ventricular septal
defect, Tr atr = tricuspid atresia, VSD = ventricular septal defect, HRHS = hypoplastic right heart syndrome, DORV =
double outlet right ventricle, LV = left ventricle, HLHS = hypoplastic left heart syndrome, AoSt = Aortic stenosis.

First trimester diagnostic accuracy of two-dimensional and four-dimensional ultrasound in major congenital heart diseases
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extremely characteristic and easy to obtain and to
recognize in normal cases) we can detect 84.62% of
major CHDs during first trimester scan, with a false
positive rate of 0.3%. Same figures were obtained
when using all the 4DUS parameters described above.
This result is not surprising because, in fact, the
parameter is a combination of three features, describing
the spatial relationship between the normal atrio-
ventricular inflows and the great arteries outflows.

When negative, the FT assessment confirmed
the normality of fetal cardiac structures with reasonable
accuracy (sensitivity approx. 85%). Still, 2DUS had a
DOR almost double, and this statistical figure is
independent to the disease prevalence. Moreover, a
screening tool should be simple and cheap, rendering
2DUS more appropriate.

Sensitivity of FT US examination in detection
of fetal MCHDs, calculated with respect to the findings
at second-trimester scan, has wide variations in low
risk populations (between 18 and 84.2%) (30). We

report a high sensitivity (84.62%), but lower than studies
on high risk populations, with increased NT (31).

In the most recent systematic review on the
accuracy of FT US examination in MCHDs detection
(4), the combined positive likelihood ratio (LR+) for
identifying MCHDs was 59.6 and the combined
negative likelihood ratio (LR-) was 0.25. Our results,
with a superior LR+, could reflect better test
performance for ruling in diseases, due to the
standardized protocol that we used, despite the small
number of key parameters searched. The same report
showed that most of the studies are lacking the quality
of their verification method and blinding, and this
deficiency may overstate the performance of the FT
cardiac assessment (4). This is why we advocated in
this study, beside later assessments, the medical TOPs
followed by conventional autopsy. Using this approach,
we were able to confirm the diagnosis in a percent
higher than that of other studies (22,23).

There are few prospective studies that

Table 2. The spectrum of major congenital heart diseases, suspected at the end of the first trimester, and the identification
of the searched parameters.

Abbreviations: 2DUS = two-dimensional ultrasound, 4CV = four chamber view, AV = atrioventricular, cross = crossing
of the great arteries, 4DUS = four-dimensional ultrasound, TOF = tetralogy of Fallot, RAA = right aortic arch, GAT =
great arteries transposition, AVSD = atrio-ventricular septal defect, Tr atr = tricuspid atresia, VSD = ventricular septal
defect, HRHS = hypoplastic right heart syndrome, HLHS = hypoplastic left heart syndrome, AoSt = Aortic stenosis, N=
normal, aN=abnormal.
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 compare the diagnostic accuracy of 2DUS and 4DUS
in detecting MCHDs in the FT (11,12). We obtained
different results probably due to the fixed protocol for
acquiring and post-processing datasets, as well as to
the requirement to apply the Doppler color.  Interestingly
enough, although our study shares many similarities
with that of Turan et al. (12), one of the most recent
studies to date on the use of first-trimester 4D-STIC,
there are some important differences. Still, both reports
advocate for the standardization in acquiring and
processing data techniques.

To our knowledge, it is the largest prospective
study performed on an unselected population. The
strength of our study is the use of homogenous protocols
for the FT heart assessment, for both 2D and 4D
methods, in all participants. We consider our setting as
appropriate, being focused on medium risk population,
and performed upon unselected pregnancies, using the
same equipment for all cases, with a minimum machine
and context bias. The use of a standard protocol could
lower the operator dependency and eliminate the fetal
position dependency, two important reasons for the

Table 3. Correlations between the specific diagnostic of major congenital heart diseases, the ultrasound additional
markers for chromosomal anomalies and the invasive maneuvers performed.

Abbreviations: 2DUS = two-dimensional ultrasound, 4DUS = four-dimensional ultrasound, NB = nasal bone, NT =
nuchal translucency, DV = ductus venousus, CVS = chorionic villus sampling, KT = karyotype, TOF = tetralogy of
Fallot, RAA = right aortic arch, N= normal, FT = first trimester, TOP = termination of pregnancy, GAT = great arteries
transposition, AVSD = atrio-ventricular septal defect, Tr atr = tricuspid atresia, VSD = ventricular septal defect, HRHS
= hypoplastic right heart syndrome, DORV = double outlet right ventricle, LV = left ventricle, HLHS = hypoplastic left
heart syndrome, AoSt = Aortic stenosis.

First trimester diagnostic accuracy of two-dimensional and four-dimensional ultrasound in major congenital heart diseases



Obstetrica }i Ginecologia   231

delayed diagnosis of MCHDs. The results of our study
provide information regarding the two diagnostic
procedures that can be used in the basic work-up
evaluation of fetal hearts during the FT.

A limitation is the fact that the same operators
reinterpreted the stored STIC datasets, and we tried
to minimize the recall bias by the time elapsed between
the first and the second stage of the study, and also by
anonymising and randomising the study cases. Another
source of bias in autopsy results is the close
collaboration between the obstetricians and the
pathologists, the examiners being aware to the US data.
We also had a small number of major isolated CHDs
and a high figure of FT terminations. This is an
extremely difficult to alter bias, due to given practice
patterns in the area, supporting the findings previously
reported (32). Additionally, although our study had
targeted MCHDs, this term includes many different
structural heart malformations with varying prevalence,
clinical features, natural history, interventions and likely
benefit from screening, therefore we are subjected to
an inevitable spectrum bias.

The study advocates the standardization for
both the 2DUS cardiac sweep technique, and for the
acquisition and interpretation of STIC datasets. The
proposed protocols are simple, efficient and very little
time-consuming. We consider our results reproducible
in other settings for both methods.

Although 2D and 4DUS using standard
protocols seem to be highly accurate tools for early
MCHDs detection, sensitivity and specificity of FT

screening need to be validated in a screening population
for both methods. In order to generalise the FT cardiac
screening, it is easier to use the 2DUS traditional cardiac
sweep instead of the 4DUS and telemedicine. We may
hypothesize that we will be able to virtually detect most
conotruncal anomalies.

For optimal screening strategies for CHDs, it
is important to know what their precise objectives are.
The primary target should be critical defects. Future
research should focus on the acceptability of false
positive (which may raise anxiety) and false negative
(leading to false reassurance of normality) screening
FT cardiac scan results and their cost effectiveness in
low risk populations require further evaluation for both
methods. Furthermore, as pointed out before, we should
also agree on a policy after a positive screening test
result, in terms of counselling and management (33).

Conclusion

Our study shows that positive FT cardiac
scans detect major CHDs with a high accuracy,
regardless the 2DUS or 4DUS approach. The results
suggest that a standardization of the technique could
increase the accuracy for both methods, by lowering
the operator dependency and eliminating the fetal
position dependency of the information obtained.

Ethical approval
The study was approved by the Ethical

Committee of the University of Medicine and Pharmacy of
Craiova, Romania. All women had provided informed

Table 4. Sensitivity, specificity, positive and negative likelihood ratio values and diagnostic odds ratio with 95%
confidence interval for two-dimensional ultrasound and four-dimensional ultrasound methods in major congenital
heart diseases detection.

Se=Sensitivity, Sp = Specificity, PPV = positive predictive value, NPV = negative predictive value, LR+=Positive
likelihood ratio, LR-= Negative likelihood ratio, DOR = Diagnostic odds ratio. * McNemar test, p>0.05
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