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Abstract

Introduction: The advent of 3D ultrasound technology promises to revolutionize prenatal care by potentially offering a quicker
and more comprehensive assessment of fetal health. Despite its potential, the clinical relevance of the enhanced detail provided
by 3D imaging remains uncertain. This systematic review aims to scrutinize the precision of 3D ultrasound in antenatal care
across various demographics and stages of pregnancy.

Methods: An extensive search was conducted across MEDLINE and EMBASE databases to gather relevant literature. The
process involved merging citations from multiple sources, removing duplicates, and then rigorously evaluating the titles and
summaries of the collected articles. The selection focused on studies involving high-risk populations, specifically those beyond
the initial stage of care, suspected or confirmed to have fetal abnormalities, and referred for advanced evaluation.

Results: The search process identified 45 studies, with no discrepancies in study inclusion between assessors. After the initial
title screening, 33 abstracts were considered potentially relevant, with 27 studies ultimately meeting the stringent inclusion and
validity criteria. The chosen studies displayed a diversity in design and outcomes, reflecting the characteristics of the populations
involved. A majority, 21 studies, investigated unselected, general populations of pregnant women considered 'low-risk," while
the remaining six focused on high-risk groups with either a familial predisposition or preliminary screenings suggestive of fetal
anomalies.

Conclusions: The investigation into the efficacy of 2D versus 3D ultrasound in identifying specific conditions such as cleft lip
and/or palate within low-risk groups has shown a significant variation in diagnostic accuracy. This variability underscores the
need for further research to clarify the clinical benefits and limitations of 3D ultrasound in prenatal care, particularly in
enhancing the precision of fetal assessments across different patient demographics and pregnancy stages.
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Introduction

The prenatal screening of congenital anomalies
becomes a major research area in obstetrics.
Ultrasound has been used as an important tool for
prenatal detection of congenital anomalies including
facial clefting [1]. Facial clefts resulted from failed
fusion of yaw arch maxillofacial and nasal processes
in the embryogenesis stage. The cleft lip plus or minus
cleft palate are the most common facial clefts, which
could be occur as isolated anomaly or associated with
other global anomalies and syndromes [2]. Cleft lip
and palate incidence has reported to reach 2.19/ 1000
live births in central province of Saudi Arabia, which
is a higher incidence when compared to other countries
such UK (incidence rate was 182/1000 live births) [3,
4].

When using ultrasound, the detection rate of these
clefts differed greatly according to the skills of the
operator and the design of study. It ranges from as low
as 13% in a prospective study conducted by Stoll at al.,
[5] to as high as 90% in a retrospective study
conducted by Benacerraf et al. [6] Proper prenatal
screening associated with early detection of facial
clefts, especially in low risk population, can improve
the management plan. Recently, the three-dimensional
(3D) ultrasound imaging techniques have introduced
to the prenatal screening methods [7]. The benefits of
using 3D ultrasound imaging include the provision of
depth and volume, which exploring more details than
those available in two-dimensional (2D) ultrasound
imaging [8]. There is a current belief that 3D
ultrasound is a time-saving technique that can play an
important role the future. However, it is not obvious
what the clinical significance of the additional data
provided by 3D ultrasound imaging. Although, there
is a lack of robust evidence from a prospective cohort
studies that supporting using of 3D ultrasound, it
becomes widely used in clinical practice of obstetrics
[7]. The main problem occurs when using 3D
ultrasound is the deviation from the initial plane,
which can reduce the quality of the images. In addition
to problem of acoustic shadowing, that may also occur
in 2D ultrasound [9]. Recently, it becomes possible to
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update the 3D image at rate of 24/second which leads
to live view of the 3D volumes or what is known as 4D
ultrasound imaging [10]. This review aimed to
evaluate the evidence assessing the accuracy of 3D
ultrasound, in the antenatal care in different
populations at different pregnancy trimesters.

Methods

We performed a systematic literature search of the
MEDLINE and EMBASE databases. The detected
citations from several databases were combined and
duplicate articles were excluded. The titles and
abstracts of all selected publications were inspected
for relevance based on the following inclusion criteria:
Members of these populations had already passed the
primary care stage, were clinically suspected or
confirmed as having a fetal deformities and had been
referred for further evaluation (‘high-risk population
study"). Targeted population is pregnant women in
their second trimester (14-28 weeks' gestation) of
pregnancy; of the internal and external validity. The
main detected anomalies were cleft lip (CL), cleft
palate (CP) and cleft lip and palate (CL+CP). The
results of the included studies were summarized in the
following section.

Results and discussion

The literature search yielded 45 citations. There was
no disagreement between the two assessors regarding
inclusion of studies. The initial screening by title
identified 33 abstracts that were potentially relevant.
In total 27 studies met all the inclusion criteria as well
as the internal and external validity criteria [11-37].
Variability in the design and results of the selected
studies were based on the type of the included
communities. Among included studies, 21 studies
consisted of unselected population-based groups of
pregnant women (‘low-risk population study') and six
studies dealt with a population with a positive family
history and/or pre-screened fetuses who were
suspected to have anomalies [12]. The retrospective
cohort studies reported a large variety in the diagnostic
accuracy of 2D ultrasound, with detection rates



ACAM, 2022, volume 9, issue 4

ranging from 0% to 70% for prenatal detection of all
types of cleft, 33% to 88% for prenatal detection of CL
+ P and 0% to 22% for detection of CP. In prospective
cohort studies, detection ranged from 9% to 73% for
prenatal detection of all types of cleft, 9% to 100% for
prenatal detection of CL + P and 0% to 7% for
detection of CP. In several studies, all prenatal
diagnosis of CL + P was confirmed following delivery
or post-mortem, indicating no false positive diagnoses
[13-18].

During prenatal period, 127 cleft babies were born, of
which 29 cases had CL = P predicted prenatally,
resulting in a detection rate of 23%. None of the 98
cases of CP was diagnosed prenatally. The prenatal
detection rate of orofacial clefts increased
significantly over time (14% in 1992-1996 and 30% in
1996- P = 0.03). The other recent prospective cohort
study, also showed a significant increase in prenatal
detection with time (34% in 1987-1996 and 58% in
1996- P = 0.03). CL £ P was detected in 35 of the 77
(45%) cases with CL + P on delivery. Of these CL £ P
cases, 24 (31%) were detected during routine second-
trimester ultrasound exam [14]. Not one of the 24
cases of CP was diagnosed prenatally. Of the six
selected high-risk population studies 29 -34 , three
were retrospective 29 -31 and three were prospective
32 -34 [15]. In the retrospective study a detection rate
of 41% (39/96) for unilateral clefts and 44% (8/18) for
bilateral cases.

All 3D ultrasound studies showed a detection rate of
100% with the exception of a study that reported a
detection rate of 87% (27/31) for unilateral clefts and
66% (2/3) for bilateral clefts 16-19. Three studies
assessed the detection rate of anomalies, finding rates
of 88% (37/42) in unilateral anomalies , 90% (18/20)
in bilateral anomalies 31 and 90% (37/41) 32 and 86%
(19/22) of all anomalies on 3D imaging 33 [20-22].
Two studies assessed the detection rate for CP, which
varied from 0% (0/95) on two-dimensional imaging 30
to 89% (8/9) on three-dimensional (3D) imaging [23-
25]. Two studies showed a significant increase in the
detection rate of 3D ultrasound in comparison with 2D
ultrasound [26-28]. In unobstructed view of the
structures of the palate, nasal cavity and orbits could
then be seen by scrolling the view bar along the length
of the palate. In the case of a normal intact palate, a
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distinct line could be seen to separate the nasal and oral
cavities along the length of the hard palate [29]. A
palatal cleft was characterized by absence of the
palatal echo with continuity between the oral and nasal
cavities and (if large) herniation of the tongue into the
nasal cavity. The soft palate could not be confidently
identified and was not included in our protocol [23].
Thus, each baby could have a maximum of five
component clefts. One hundred antenatal diagnoses
were available for comparison with postnatal
outcomes. The postnatal examination revealed cases
of isolated clefting of the soft palate but, as these
defects were not included in our protocol, only clefts
of the hard palate were included in this analysis [28].

The detection rates for clefts of the secondary palate
using 2D ultrasound have remained low, even in those
patients in whom a cleft lip has been detected [30]. The
accuracy of antenatal diagnosis is therefore
particularly helpful in preparing parents for the birth
of their child with regard to both practicalities and
prognosis. The presence of a limb across the face
obstructed views of the lips and alveolus in the frontal
view, and caused shadowing of the palate in the 3D-
RF view; this required either a change in maternal
position or, if necessary, a different visit. 3D-RF views
were obtained quickly and easily, usually within 2-3
min following acquisition of a frontal facial view [31].

This is problematic because secondary palatal
involvement can alter the long-term prognosis for the
child, being commonly associated with difficulties in
speech, hearing and (following surgery) mid-face
protrusion. The objective of this study was to
investigate the application of a relatively new
technique -the three-dimensional (3D) reverse-face
(RF) (3D-RF) view 11 -to examine particularly the
foetal palate, but also the lips and alveolar ridge,
following the finding of an isolated facial cleft upon
an ultrasound scan. To avoid confusion, we
differentiate between cleft lip, alveolus and secondary
palate according to the classification of Kernohan. The
prenatal detection of orofacial clefting is achieved
almost exclusively by ultrasound [32]. Further
movement of the view bar through the face to identify
the palate usually resulted in a severely shadowed
image which was diagnostically unhelpful and may be
misleading (Figure 3b-d). This provided an
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unobstructed view of the palatal area, nasal cavity and
orbits. It is important that a true coronal plane is
obtained [33]. The surface-rendered mode, in our
experience, provided optimal visualization of the hard
palate, although the gradient light algorithm also
provided excellent views, especially of the bony palate
and nasal cavity (Figure 5). This was probably due to
the fact that the soft tissues of the velum do not provide
sufficient reflections, although another factor is that as
the velum hangs vertically down from the back of the
hard palate, the plane of the soft palate is not at right
angles in the coronal section. The diagnosis of facial
cleft made in all eight cases by the RF view is
illustrated here by a brief description of each case [34].

The RF view overcame this problem. In normal cases,
the intact palate was then seen as a distinct line
separating the nasal from the oral cavities. The hard
palate could be clearly seen throughout its length, the
only exception being when a limb in front of the face
caused significant shadowing. This was usually only a
temporary problem. Visualization of the hard palate,
however, was not affected by umbilical cord or
placenta. Degrees of obliquity of more than a three-
quarter profile were unsuitable for obtaining a good
RF view. We did not confidently identify the soft
palate [26]. The diagnosis and antenatal categorization
of facial cleft was made in all eight cases by the RF
view and these were all compared with detailed
assessment after birth. The technique was rapid;
obtaining the frontal view of the face to completion of
visualization of the palate took 2 or 3 min. In all cases
(except Case 8) the stored 3D volume was analysed
antenatally.

In seven cases the categorization was made before the
baby was born; in Case 8 the analysis of the 3D
volume was made after the child was born but the
analysis by one of us (S. Case 1 was referred at 31
weeks because a scan 3 weeks previously at a tertiary
center had diagnosed bilateral CL with major bilateral
clefting of the alveolus. These findings were
confirmed. The RF view demonstrated a large defect
in the primary and secondary palates. The edges of the
cleft in the secondary palate were obscured by the
tongue, which was partially elevated into the nasal
cavity. The baby was born by spontaneous Case 2 was
referred at 29 weeks because a scan 5 weeks
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previously at a tertiary center had diagnosed left-sided
CLA with deviation of the nasal septum. The RF view
identified a narrow cleft of the secondary palate. The
baby was delivered spontaneously at 39 weeks and had
UCLP. The CLA was repaired 3 months after birth and
the CP 2 months after this. Case 3 was referred at 25
weeks [29]. The local tertiary hospital diagnosed a
left-sided CLA. This was confirmed; the defect in the
alveolar ridge measured 15.4 mm. The RF view
showed a narrow cleft of the secondary palate. The
baby was delivered spontaneously at 40 weeks and
weighed 3.6 kg. A left-sided CLA and CP were
present. The diagnosis was confirmed and at this time
sonography could not exclude a right-sided CL. The
RF view revealed a narrow clefting of the hard palate.
The baby was delivered spontaneously at 37 weeks
and weighed 3.3 kg. A bilateral CL was present and
there was also a defect in the secondary palate. The CL
was repaired at 3 months and the palate was
successfully closed at 6 months [35]. Case 5 was
referred at 25 weeks because a CL had been diagnosed
on routine scanning at a district hospital at 21 weeks.
The defect in the alveolar ridge measured 0.55 mm.
The RF view demonstrated a large cleft of the
secondary palate.

The baby girl was delivered by Cesarean section at 41
weeks and weighed 3.6 kg. A right-sided CL with a
defect in the hard palate was confirmed. The cleft in
the secondary palate was repaired 3 months after birth
in a one/two-stage procedure. The lesion in the lip was
thought to reach the nostril but did not distort the nasal
structure. The RF view identified a large defect in the
secondary palate. There was a large herniation of the
fetal tongue through the defect into the nasal cavity,
obscuring the margins of the defect [17]. The baby was
delivered spontaneously at 40 weeks, and weighed
3.96 kg. A left-sided CLA with a large palatal defect
was present. A right-sided CL was identified and there
was a defect in the alveolar ridge measuring 12 mm.
The RF view identified a large defect in the secondary
palate. The baby was delivered spontaneously at 39
weeks. The ultrasound findings were confirmed. A
partial closure of the palatal defect was performed at 6
months and complete closure of the palate and
alveolus will be completed at 6-7 years of age. A
unilateral left-sided CL and alveolar ridge was noted
on both 2D and 3D examinations. The child was noted
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to have a complete CL with a fissure in the alveolus.
The hard palate was intact but there was an
unpredicted cleft of the soft palate. There was a tiny
'notch' in the palpable posterior border of the hard
palate. The baby therefore had an incomplete cleft of
the primary palate and an incomplete cleft of the
secondary palate. Without knowledge of the postnatal
findings analysis of the stored volume diagnosed left
sided clefting of the lip and alveolar ridge (Figure 13a)
and an intact hard palate. T

he cleft in the soft palate was not identified although
subsequent analysis after knowledge of the postnatal
findings did suggest a cleft of the velum [35].

However, in early studies, inclusion of the face in the
examination protocol was not always mandatory, nor
was the examination protocol itself fully adequate
when compared with present standards of fetal facial
examination. These numbers reflect better
examination protocols and improvements in
sonographic equipment. Prenatal recognition of facial
clefts will alert the physician to perform chromosomal
analysis and look for an associated syndrome or non-
syndromic polymalformative state [36]. Precise
characterization of the extent of clefting permits
counselling of the parents and planning of the birth in
an appropriate tertiary center with adequate neonatal
resources. Early diagnosis will allow the parents to
discuss with the surgeon the possibilities of corrective
surgery and, in more severe cases, termination of
pregnancy. In cases of complex clefting, the baby will
require repeated surgical procedures, prolonged dental
care and speech therapy, and may endure considerable
medical, psychological and social problems 13 -15 .
As previously reported 18 , the study population
consisted mainly of a local population which was
offered routine screening during pregnancy. CL, uni-
or bilateral, are analyzed in Table 3, and depicted in
Figure 3. Anomalies encountered when a cleft of the
alveolus, uni-or bilateral, was present, are depicted in
Table 4 and Figure 4. Anomalies encountered in the
presence of a CSP are depicted in Table 5 and Figure
5. As shown in Figure 6, the presence of a midline
echo on the mid-sagittal view, immediately above the
tongue, did not necessarily indicate palate integrity. To
our knowledge, two clefts were missed at sonography.
As it was not possible to obtain postnatal information
for all fetuses scanned in our center or referring
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centers, this study cannot address the false-negative
rate of cleft detection [37].

Conclusions

Fetuses with orofacial clefts identified by ultrasound,
however, represent a different group from cleft
neonates since a considerable number of cases never
reach term due to potentially lethal associated
malformations leading to termination of pregnancy.
This review confirms that studies reporting on the
accuracy of 2D ultrasound in detecting cleft lip and/or
palate in low-risk populations demonstrate a wide
variety in diagnostic accuracy.
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