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Abstract

Introduction: A standardized three-dimensional ultrasono-
graphic (3DUS) protocol is described that allows fetal face re-
construction. Ability to identify cleft lip with 3DUS using this
protocol was assessed by operators with minimal 3DUS ex-
perience. Material and Methods: 260 stored volumes of fetal
face were analyzed using a standardized protocol by opera-
tors with different levels of competence in 3DUS. The out-
comes studied were: (1) the performance of post-processing
3D face volumes for the detection of facial clefts; (2) the abil-
ity of a resident with minimal 3DUS experience to recon-
struct the acquired facial volumes, and (3) the time needed
to reconstruct each plane to allow proper diagnosis of a cleft.
Results: The three orthogonal planes of the fetal face (axial,
sagittal and coronal) were adequately reconstructed with
similar performance when acquired by a maternal-fetal med-
icine specialist or by residents with minimal experience (72
vs. 76%, p = 0.629). The learning curve for manipulation of
3DUS volumes of the fetal face corresponds to 30 cases and
is independent of the operator’s level of experience. Discus-
sion: The learning curve for the standardized protocol we de-

scribe is short, even for inexperienced sonographers. This

technique mightdecrease the length of anatomy ultrasounds

and improve the ability to visualize fetal face anomalies.
Copyright © 2013 S. Karger AG, Basel

Introduction

Congenital fetal malformations affect approximately
2.5-3% of all live births and are an important cause of
perinatal morbidity and mortality [1-3]. Cleft lips and
palates are among the most common nonlethal congenital
malformations with a prevalence ranging from 1 to 2.69
per 1,000 births depending on ethnicity [4, 5]. Neverthe-
less, prenatal detection of these malformations remains
low in the general population, especially when clefts are
isolated [1, 6]. Only 18% of isolated cleft lips are identified,
whereas the detection increases to 44% when associated
with other anomalies [1]. However, large variations have
been observed between and within countries (0-75%; 50%
in our county).

In the local EUROCAT (Lausanne), the detection rate
of fetal facial clefts over the last 10 years was 32% [1].

Prenatal ultrasound examination for fetal facial anom-
alies has long been recommended and routine screening
is a standard of care in many countries. Prenatal identifi-
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cation of such malformations allows adequate counseling
of the parents, psychological preparation for birth and
anticipation for future surgery with a multidisciplinary
pediatric team [7]. Moreover, the presence of a cleft lip is
associated with more than 100 syndromes with a lethal or
significantly disabling prognosis.

In our department, conventional two-dimensional ul-
trasonography (2DUS) is used to screen for malforma-
tions. Introduction of three-dimensional ultrasonogra-
phy (3DUS) in the 1990s has added more information in
the analysis of abnormal images obtained in 2DUS.

To obtain adequate 2D images of the fetal face can be
challenging and time-consuming. Fetal facial assessment
is often a reason for referral to third-level centers which
can lead to unnecessary stress for the patient.

To facilitate fetal facial analysis and improve visualiza-
tion of cleft lips, we conducted a study to assess the feasi-
bility of 3DUS to alleviate the technical difficulties in ob-
taining the different planes necessary to analyze the fetal
face. We also aimed to assess the efficacy of 3DUS in the
visualization of cleft lips when used by operators with
minimal 3DUS experience.
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Materials and Methods

The goal of this study was (1) to describe a standardized proto-
col to analyze the fetal face using 3DUS and (2) to assess the role of
3DUS to detect fetal facial anomalies in general prenatal screening.

We performed a two-step study and analyzed a total of 260 fe-
tal facial volumes acquired between 17 and 38 weeks of gestation-
al age (fig. 1). These volumes were acquired during examinations
performed for early morphologic scan or intrauterine growth con-
trol.

All volumes were obtained with a Voluson E8, a 730 Expert or
a 730 Pro (GE Healthcare, Zipf, Austria) and were blindly manipu-
lated under the supervision of a maternal-fetal medicine specialist.

We retrospectively reviewed all stored volumes of fetal faces
from the unit’s database that were acquired from January 1 to
December 31, 2008. Of note, the operator with minimal experi-
ence in 3DUS acquired 100 3DUS volumes consecutively (fig. 1).
The maternal-fetal medicine specialist acquired 100 nonconsecu-
tive volumes for teaching purposes. In order to obtain high-qual-
ity 3DUS volumes of the fetal face, we recommend to wait for the
absence of active fetal movements and maternal breathing move-
ments, to exercise minimal pressure on the patient abdomen to
increase amniotic fluid amount in front of the face, to bring the
3DUS probe as sagittal as possible compared to the fetal head
(£10%) using a 30° insonation angle, and the fastest acquisition
possible.

Guenot/Baud/Lepigeon/Francini/Rossier/
Hohlfeld/Vial




Table 1. Protocol for obtaining the three orthogonal plane images of the fetal face

1 The image is magnified to increase the structural details (three-quarters of the fetal face filling the image)

Contrast and threshold are adjusted to eliminate shadows or echoes and details refined by changing the gain

The cursor dot is set on the tip of the nose in the three orthogonal plane images

In the axial plane, the nose is set at the 12-0’clock position and the level of the orbits is balanced until they appear symmetric

In the sagittal plane, the tip of the nose, the upper lip and the chin are rotated until they are in line with the horizontal axis

In the sagittal plane, the cursor dot is set on the upper lip, facing the maxilla

N || G| s W

The acquired image displays:
a The axial plane at the level of the upper lip and maxilla
b A strict profile

¢ The coronal plane with the tip of the nose, the upper lip, the lower lip and the chin

8 The palate can be analyzed if the cursor dot is moved from the front of the face to the occiput on the coronal plane

All operators of this study attended a 1-hour teaching session
on the basic principle of X-Y-Z rotation and on evaluation of the
three orthogonal planes (axial, sagittal and coronal). The standard-
ized three orthogonal plane images of the face were obtained using
the technique summarized in table 1 and the Z rotation as de-
scribed by Abuhamad et al. [8].

In the first part of the study, a resident with 2DUS experience
but whose only 3DUS experience was attending the teaching ses-
sion mentioned above attempted to reconstruct 100 volumes ac-
quired by a maternal-fetal medicine specialist. Of note, obstetrics
and gynecology ultrasounds are not performed by radiologists in
our country, but by obstetricians and gynecologists, and each res-
ident has at least a 6-month ultrasound rotation. These volumes
included 10 proven cleft lips with or without cleft palate. The resi-
dent then attempted to reconstruct another 100 volumes obtained
by an operator with minimal experience in 3DUS volume acquisi-
tion (resident in obstetrics and gynecology learning routine anat-
omy ultrasounds in low-risk pregnancies).

In the second part of the study, we evaluated the learning curve
of 6 operators with different levels of 3DUS experience. Among the
6 operators, 1 is a maternal-fetal medicine specialist, 2 are fellows in
fetal medicine, 1 is a resident in obstetrics and gynecology (learning
routine anatomy ultrasounds in low-risk pregnancies) and 2 are so-
nographers with more than 8 years’ experience (performing routine
anatomy ultrasounds in low-risk pregnancies). A total of 60 3DUS
volumes of the fetal face acquired by a maternal-fetal medicine spe-
cialist were used. Seven volumes with cleft lips with or without cleft
palates were randomly mixed with normal volumes. We analyzed
the time required to reconstruct the best orthogonal planes.

When fetal face volumes were analyzed, we tested the ability of the
different operators to reconstruct the three orthogonal plane images:
(1) axial plane: view of the upper lip and maxilla (fig. 2a), (2) sagittal
plane: view of the profile (fig. 2b), and (3) coronal plane: section cross-
ing the tip of the nose, the upper lip, the lower lip and the tip of the
chin (fig. 2c). The reconstruction of the fetal face was defined as ac-
curate when these three plane images were adequately visualized.

All 17 clefts included in this study were unilateral, involving the
palate in 10 cases. No median clefts were included.

3DUS Fetal Face Assessment by
Inexperienced Sonographers

Data were reviewed either directly on the Voluson or on a lap-
top workstation with the 4D View program (GE Healthcare),
which allows manipulation of the volumes. The volumes were dis-
played in multiplanar images.

All data were gathered and statistical analyzes were performed
using Stata 11.0 (StataCorp, College Station, Tex., USA). Multi-
level mixed-effects linear regression models were used to analyze
the learning curves.

The study was approved by the Institutional Review Board of
the University of Lausanne, Switzerland.

Results

Ability of an Inexperienced Ultrasound Operator to

Reconstruct Adequate Fetal Facial Planes

I. Analysis of the Volumes Acquired by the

Maternal-Fetal Medicine Specialist

The 100 volumes used in this component of the study
were acquired from a sagittal view. Among them, two
were isolated cleft lips and eight also involved the maxilla.
All ten clefts were correctly recognized by the resident. Of
note, all defects concerning the hard palate, when present,
were also recognized by the resident.

Analysis of the three orthogonal plane images resulted
in the correct identification of the upper lip in the axial
plane in 91% of cases, of the maxilla in the axial plane in
84% of cases, of the fetal profile in 92% of cases, and of the
upper lip in the coronal plane in 95% of cases (table 2).
Adequate reconstructions of all facial components from
the same volume (upper lip in a coronal plane, maxillary
in an axial plane and facial profile) were possible in 72%
of cases.

Fetal Diagn Ther 3
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Fig. 2. Image of the reconstructed three orthogonal planes (a axial, b sagittal, ¢ coronal).

Table 2. Results of the analysis of the different facial planes in the first and second part of the study

Volume Volume Number Analysis of
acquired by reconstructed by of volumes  profile in

Analysis of Analysis of Analysis of
upper lip in upper lipin ~ maxilla in

sagittal view, %  coronal view, %  axial view, % axial view, %

Analysis of all facial
components from
same volume, %

Part1 MFM IS 100 92 95 91 84 72
IS IS 100 92 82 86 86 76

Part2 MFM 6 different operators 60 93.1 86.7 87.2 86.9 77.2

Total 260 92.4 87.9 88 85.6 74.4

MFM = Maternal-fetal medicine specialist; IS = inexperienced sonographer.

I1. Analysis of the Volumes Acquired by an

Ultrasound Operator with Minimal Experience in

3DUS Volume Acquisition

In this component of the study, 100 facial volumes
without facial clefts were acquired in sagittal (96%), axial
(3%) or coronal views (1%). Analysis of the upper lip was
possible in 86% of cases in the axial plane, the maxilla in

4 Fetal Diagn Ther
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86% of cases in the axial plane, the profile in 92% of cases,
and the upper lip in 82% of cases in the coronal plane

(table 2).

The reconstruction of all fetal facial components from
the same volume (see above) was possible in 76% of cases.
There was no statistical difference when comparing
the analysis of the three orthogonal plane images ac-

Guenot/Baud/Lepigeon/Francini/Rossier/
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Fig. 3. Learning curve of the 6 investigators (the x-axis represents
the number of cases and the y-axis is time in seconds): — = ob-
server 1 (maternal-fetal-medicine specialist); - - - = observer
2 (fellow in fetal medicine); — — — = observer 3 (fellow in fetal
medicine); e« -+ = observer 4 (sonographer with >8 years’ experi-
ence); » + « « - = observer 5 (sonographer with >8 years’ experi-
ence); = observer 6 (resident in gynecology and obstetrics).

quired by a maternal-fetal medicine specialist (part 1,
72%) or by an operator with minimal experience in 3DUS
(part 2, 76%, p = 0.629).

Assessment of the Learning Curve Required in Using

3DUS Volumes and the Impact of Image Quality

on the Analysis of 3DUS Volumes Acquired by a

Maternal-Fetal Medicine Specialist

Six different ultrasound operators reviewed 60 new
volumes, including two isolated cleft lips and five cleft lips
which also involved the palate. When considering acqui-
sition, 83.3% of all volumes were obtained in the sagittal
view, 10% in the axial view and 6.7% in the coronal view.

The learning curve to reconstruct and analyze three
orthogonal plane images was assessed by the time needed
to reconstruct adequate planes. A significant improve-
ment in the time needed to reconstruct adequate images
was observed between the first 30 and the last 30 volumes
(p <0.0001) for the 6 investigators (fig. 3). The mean im-
provement was 2 s per volume up to the 30th case. For the
last 30 volumes, no improvement was observed. The
mean time for the first 30 volumes was 125 s and for the
last 30 volumes was 81 s.

Out of the seven cleft lips (total of 42 volumes of cleft
lips were analyzed), only 1 of the 6 operators missed the
diagnosis of one cleft lip (2.4%).

3DUS Fetal Face Assessment by
Inexperienced Sonographers

Color version available online

The analysis of the three orthogonal plane images al-
lowed the visualization of the upper lip in 87.2% of cases
in the axial plane, of the maxilla in the axial plane in
86.9% of cases, of the fetal profile in 93.1% of cases, and
of the upper lip in the coronal plane in 86.7% of cases
(table 2).

Discussion

Ultrasound examination of the fetal face is routinely
performed as part of the morphologic examination to
screen for facial anomalies. However, antenatal detection
rates of cleft lips with or without cleft palates remain low
in the general population [1, 9]. Difficulty with assess-
ment of the fetal face is multifactorial. Maternal body
mass index, operator skill, fetal position, and the amount
of amniotic fluid need to be considered. The examiner’s
technical ability in 2DUS impacts the detection rate of
congenital anomalies. With 3DUS, a single-volume ac-
quisition can be used to reconstruct complex 3D anato-
my. We acknowledge that when a 2D image is not ob-
tained, a 3D image might also be difficult to obtain. How-
ever, several authors reported that trained or specialized
sonographers have an increased ability to diagnose cleft
lips and their severity using 3DUS and need significantly
shorter time periods to interpret findings [10-18]. De-
spite these benefits, the question of whether or not inex-
perienced sonographers can obtain similar results com-
pared with experienced operators has never been studied.
Currently most ultrasound machines have 3D capabili-
ties. In the present study, we (1) described a standardized
protocol to reconstruct the fetal face and (2) demonstrat-
ed that this 3D protocol to obtain three orthogonal plane
images of the fetal face can be easily used by inexperi-
enced sonographers.

In this study we proposed a simple and effective pro-
tocol, using Z rotation as described by Abuhamad et al.
[8]. These manipulations can be performed on ultra-
sound equipment at the time of the patient examination
or later on a laptop workstation from saved volumes.

In the first part of the study, a resident with minimal
experience in 3DUS reconstructed the three orthogonal
plane images under the supervision of a maternal-fetal
medicine specialist. One series of these volumes was ac-
quired by a maternal-fetal medicine specialist and the
other series by an operator with minimal experience in
3DUS volume acquisition. All facial clefts were success-
fully identified. As shown in table 2, fetal facial compo-
nents can be analyzed, regardless of which orthogonal

Fetal Diagn Ther 5
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plane is used. The reconstruction of the upper lip in the
coronal plane, of the maxilla in the axial plane and the
profile in the same volume was possible in 72% of cases
when acquired by a maternal-fetal medicine specialist,
and 76% when acquired by an inexperienced operator.
Documenting the acquisition time of the volumes was
not performed in this study. These results show that
there is no difference in facial analysis when the volumes
were acquired by a specialist or an operator with mini-
mal experience in 3DUS. Similar results were obtained
by other authors for brain volumes [19] or cardiac vol-
umes [20]. Volumes acquired by nonspecialized opera-
tors can thus be sent to specialists for further analysis,
since the analysis is independent of the operator’s level
of experience when acquiring the volume. This could de-
crease the need for unnecessary referrals to specialized
units.

In the second part of this study, in which 6 different
operators analyzed the same 60 volumes, operators could
successfully identify a normal lip and visualize a cleft lip
on 3DUS images in 97.5% of cases. The learning curve for
the manipulation of these 3DUS volumes was 30 cases,
irrespective of the operator’s level of expertise. However,
the time needed to work on each volume is operator-de-
pendent, but not experience-dependent: the slower the
operators at the beginning of the study, the better they
improved with each volume. In other words, the fastest
operators did not improve as much as the slowest ones
and the more experienced operators were not always the
fastest ones.

The sensitivity for facial clefts detection/identification
was 97.5%, and only one cleft lip was missed by a single
operator. We acknowledge that all of these volumes were
acquired by a maternal-fetal medicine specialist before
being manipulated by less experienced operators. With
such high detection rate, we might expect better detec-
tion rate of facial anomalies, especially when fetal ultra-
sounds are performed by less experienced sonographers,
for which 2DUS analysis might be challenging (Clem-
enti and the EUROSCAN Study Group [1] showed a de-
tection rate in Lausanne county of 50% for cleft lip com-
pared to the 97.5% detection rate in our study). This
promising result should be verified in a routine setting
where 2DUS and 3DUS are compared in terms of detec-
tion rates of fetal cleft lips and time to obtain the appro-
priate images.

The high rate of visualization of facial clefts in this
study (100% for the first part and 97.5% for the second
part with a 2.5% false negative rate and no false positive)
could be explained by the fact that the operators were in-
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cluded in a study concerning fetal face anatomy. Even
if the sonographers were unaware of the presence and
number of clefts, they were more likely to pay close atten-
tion to these anomalies. Finally, retrospective analysis of
stored 3DUS volumes might induce potential selection
bias. One could argue that stored 3DUS volumes of the
fetal face acquired by a maternal-fetal medicine specialist
were those with the best visualization. However, similar
high performance was obtained when volumes were ac-
quired consecutively by an operator with minimal 3DUS
experience. Consecutive acquisition prevented selection
bias of the best volumes. After analyzing more than 200
3DUS volumes, we acknowledge that the resident could
not be considered inexperienced anymore, since we dem-
onstrated a learning curve of 30 volumes. His capacity to
detect cleft lip was thus certainly improved by his par-
ticipation in the study.

Since we demonstrated that inexperienced sonogra-
phers can easily acquire and use 3D volumes of the fetal
face as long as they follow a standardized protocol, fur-
ther studies are now needed to translate 3DUS into rou-
tine antenatal care and measure benefits in term of de-
tection rates of facial clefts. In the present study, ability
to reconstruct the three orthogonal plane images was
assessed. We are currently performing a new study
where a standardized acquisition protocol is being eval-
uated between experienced and inexperienced sonogra-
phers.

In conclusion, the present study suggests a high value
of 3DUS in the examination of fetal faces, which can be
efficiently performed during a routine anatomy scan.
Moreover, it confirms the value, performance, learning
curve and feasibility of post-processing of acquired vol-
umes for the detection of facial clefts. Indeed, 3DUS for
the analysis of the fetal face is reliable and easy to per-
form, even by inexperienced sonographers. Further-
more, the time required to obtain adequate planes of the
face is short enough to be integrated into a routine anat-
omy ultrasound. 3DUS surfacing allows visualization of
the anomaly and a better understanding of the normal
and pathologic findings. This can improve understand-
ing and acceptance for the parents [21]. The medical
community should be encouraged to incorporate 3D ex-
aminations in their routine imaging for prenatal care
with the goal to decrease the common pitfalls in screen-
ing for facial clefts and to improve the prenatal detection
rate of fetal malformations.

Guenot/Baud/Lepigeon/Francini/Rossier/
Hohlfeld/Vial
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