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Foreword

El universo (que otros llaman la Biblioteca)...
Jorge Luis Borges: La Biblioteca de Babel, 1941

Books, books, books, and more books...

In this phantasmagoric and troubled era of Web 2.0, the difficult nights of
the traditional publishers are crossed by the same fundamental question:
“Will there be a public out there for this or that hardcover edition?”

The answer is not an easy one. The Web abounds with information,
images, and videos; furthermore, these often come for free. And it goes with-
out saying that the traditional format of the medical book is challenged by
multimedia products.

But the publishers know that a market exists for good products. The qual-
ity and veracity of information retrieved from the Web even by sophisticated
search engines are variable and often quite scarce. The potential for multime-
dia products is great, but honestly, they tend to be difficult to consult and
usually time demanding.

A well-structured book with selected contributions by qualified authors,
complemented by informative and high-quality images, remains a great asset
to everyday practice. Easy to reach on the shelf of your office, rapid to leaf
through.

Is there a need for a book on the prenatal diagnosis of craniofacial
anomalies?

Of course there is. And a great one too.

This is a new field. Until a few years ago, a facial malformation diagnosed
in utero was a rare event. Scanning the fetal face was not recommended in
everyday practice. It was considered technically infeasible, out of reach for
the majority of practitioners. I still remember the overwhelming skepticism
of the reviewers when I sent—not too many years ago—one paper on this
subject.

The situation has much changed. Virtually all national and international
guidelines now recommend the visualization of the fetal face in standard
sonographic examinations of low-risk patients. This new standard has created
a sometimes unrealistic expectation from the public. And fetal sonologists
now have to face the big jump that modern medicine is imposing more and
more frequently upon practitioners: from nothing to everything.
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Foreword

Unfortunately, facial malformations are not only among the most frequent
of all anomalies, but they may also pose significant conundrums to the diag-
nosis, prognosis, and management of a condition.

Due to these relevant problems, there is certainly a major need for a stan-
dard textbook on the subject written by the leading scientific authorities that
covers all possible technical and clinical aspects of the issue.

This is precisely the book you are holding now in your hands. If you are
working in the field of fetal sonography, or in the parallel field of postnatal
management of craniofacial anomalies, I am afraid you cannot do without it.

Gianluigi Pilu
Department of Obstetrics and Gynecology
University of Bologna, Bologna, Italy



Preface

Diagnosis is not the end, but the beginning of practice
Martin H. Fischer (1879-1962)

It was in the year 1987 that the book entitled Prenatal Diagnosis of Congenital
Anomalies by Romero, Pilu, Jeanty, Ghidini, and Hobbins was launched.
Since that time and over many years, the book has represented a milestone for
all physicians involved in the difficult task of prenatal diagnosis, which was
based mainly on conventional cytogenetic and two-dimensional ultrasound.
During the late 1990s, the development of three-dimensional (3D) ultrasound
has brought sonographers and researchers a novel diagnostic armamentarium
that could potentially improve fetal imaging. At the same time, technology
has facilitated communication and collaboration among physicians to help
them develop their knowledge and technical competence. Impressive 3D
ultrasound advancement has ensued, and sonographers can now manage
important applications that allow the operator to reconstruct anatomical
details from 3D volume data or investigate the fetal heart in 3D real time
using spatiotemporal image correlation. In addition, the 3D volume data can
be resliced and displayed on the screen in a manner that resembles that of
computed tomography scan or magnetic resonance imaging. Surface details
have been also recently enhanced by the development of lighting techniques
that enable visualization of the fetus in a realistic and almost “virtual” man-
ner. Sophisticated applications allow the fetus to be reconstructed in detail
and printed on polymerase resin to create a 3D virtual physical model of
congenital anomalies.

Structural abnormalities involving the face represent the second most
common type of congenital anomaly. Similar to congenital heart defects,
abnormalities of the face can be considered major structural malformations,
as the vast majority of cases require postnatal surgery. In addition, one cannot
forget to mention the social and psychological impact for parents and their
relatives when a baby is delivered with a facial malformation. Fortunately, a
dramatic improvement in reconstructive surgery has occurred in recent years
that has significantly improved the quality of life of affected children.

We hope that readers of this book Prenatal Diagnosis of Orofacial
Malformations will not only find it to be an up-to-date and valuable tool in
their profession, but also share in our amazement of the progress that has
been made in the area of prenatal diagnosis. To accomplish this task, we were
fortunate to count on a team of experts to whom we are extremely grateful for



Preface

accepting our invitation to participate in this book and for their novel contri-
butions to this area. Special thanks to Pilar Martinez-Ten, Daniela Prayer,
David Chitayat, Edward Araujo Junior, Gustavo Malinger, and Neil Sebire,
world-renowned clinical investigators in their respective areas of prenatal
diagnosis. We are also appreciative of those who provided case reports on
unusual and rare syndromes. Lastly, we are indebted to Alessandra Born and
Springer for transforming this idea into reality.

Reggio Emilia, Italy Gabriele Tonni
Santiago, Chile Waldo Sepulveda
Palo Alto, California, USA Amy E. Wong
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Partl

Prenatal Diagnosis of Orofacial
Malformations



Orofacial Clefts in the Fetus:
What We Know and What
We Should Know

Gabriele Tonni, Waldo Sepulveda,

and Amy E. Wong

1.1 Introduction

During embryogenesis, the development of the
lips and palate begins at an early stage; the lips
develop by week 4 postfertilization age, the pri-
mary palate fuses between 4 and 6 weeks, and
the secondary palate is formed between 8 and 12
weeks. Cleft lip (CL) is the result of failure of
the maxillary process to fuse with the medial
nasal prominence, while a cleft in the secondary
palate is the result of failure of the palatine pro-
cess to elevate or grow [1]. Cleft palate (CP)
originates at the uvula, causing uvula bifida, and
progresses along the midline involving the soft
palate or both the soft palate and the hard palate;
in contrast, a cleft lip and cleft palate (CLP)
starts at the lip and continues posteriorly involv-
ing the alveolar ridge, the hard palate, and the
soft palate [2].
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© Springer International Publishing Switzerland 2017

1.2  Epidemiology and Incidence
Cleft lip with or without cleft palate (CL/CLP)
may occur as a result of a number of causes.
Cigarette smoking during pregnancy has been
documented to be associated with an increased
chance of having a child with CL/CLP [3],
although no consistent evidence between orofa-
cial clefts with maternal exposure to ambient air
pollutants can be documented [4].

Nonsyndromic cleft lip and cleft palate
(NSCL/P) occurs with no positive family history
in the vast majority of cases, although NSCL/P
may be commonly found in cousins [5].

The prevalence of CL/CLP varies by ethnicity.
In a large survey over 7.5 million births, the overall
prevalence of CL/CLP was 9.92 per 10,000 (3.28
per 10,000 for CL and 6.64 per 10,000 for CL/
CLP, respectively). Of these, 77% of CL/CLP
were isolated, 16% had associated malformations,
and 7.3% occurred as part of recognized syn-
dromes [6]. The National Birth Defects Prevention
Study (NBDPS), a large database used to identify
genetic and environmental risk factors for birth
defects, reported the prevalence of NSCL/CLP to
be 0.3/1,000 live births for CL, 0.5/1,000 live
births for CL/CLP, and 0.4/1,000 live births for CP.
Cleft involvement was predominantly unilateral in
cases of CL and CL/CLP, with left-sided cleft as
the most frequent type observed. Orofacial clefts
were isolated in 80% of cases and 25% had Pierre
Robin sequence [7]. In Nova Scotia, the overall
prevalence of orofacial clefts was 2.1 in 1,000 live
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births and, although no cases of isolated CP were
detected prenatally, there was a trend towards an
improvement in detection of CL/CLP over the
years (from 14% during 1992—1996 to 30% during
1997-2002). Of cases of orofacial clefting in this
study, 34% were associated with additional fetal
structural malformations and 9.8% were associ-
ated with chromosomal abnormalities [8]. When
considering the prevalence of orofacial clefts
among the Asian population, the Chinese Birth
Defects Monitoring Network reported prevalence
rates of 14.2 per 10,000 live births for NSCL/P and
2.4 per 10,000 live births for syndromic CL/CLP,
for an overall prevalence of orofacial clefting of
16.6 per 10,000 live births. In addition, this study
showed that CL/CLP varied by gender, urban—
rural classification, and geographic location when
compared to cleft palate, particularly for nonsyn-
dromic cases [9]. These findings were also con-
firmed by the study of Johnson et al. [10].

1.3  Genetics of Orofacial Clefts
NSCL/P has a multifactorial etiology that includes
both genetic and environmental factors. In a
European genome-wide association study, suscep-
tibility loci for NSCL/P have been identified on
chromosomes 8q24, 10g25, and 17q22. In addi-
tion, the IRF6 (interferon regulatory factor 6) gene
has been demonstrated to be a genetic risk factor
for NSCL/P, particularly in northern Europe [11-
14]. Moreover, MSX1 (muscle segment homeo-
box) and TGFB3 (transforming growth factor
beta-3) genes may be involved in the pathogenesis
of clefting. In a non-Caucasian population, TGFA
(transforming growth factor alpha) has shown to
play less of a role than it does in Caucasians in
cases of NSCL/P [15,16]. Different orofacial cleft
(OFC) loci have been mapped on chromosome
6p24 (OFC1), 2p13 (OFC2), 19q13.2 (OFC3), and
4q (OFC4). OFC5-8 are identified by mutations in
the MSX1, IRF6, PVRLI (poliovirus receptor-like
1 or nectin-1, responsible for cleft lip/palate-
ectodermal syndrome and Tessier cleft palate type
7), and TP73L (tumor protein) genes, respectively.
OFC9 maps to 13q33.1-q34, whereas OFC10 is
secondary to mutation haploinsufficiency of the
SUMOI (small ubiquitin-like modifier 1) gene
located on 2q33.1.

In addition, MTHFR, TGF-beta3, and RAR
alpha play a role in cleft development, and the
TBX?22 gene located on Xp21.1 is responsible for
cleft palate with ankyloglossia and is involved in
cases of isolated CP [17].

1.4 Associated Fetal

Malformations

Orofacial clefts can be associated with other struc-
tural fetal malformations, chromosomal abnormal-
ities (orofacial clefts are seen in 40.7% of trisomy
13 cases and 6.9% of trisomy 18 cases) [18], or
genetic syndromes. The incidence of associated
structural abnormalities is reported to vary with the
type of cleft: 9.8% in cases of unilateral CL/CLP,
25% in cases of bilateral CL/CLP, and 100% of
cases of midline CL/CLP [19-22]. When CL/CLP
occurs in isolation, there does not appear to be an
increased risk of chromosomal abnormalities in
fetuses [23]; for example, Gilham et al. [24]
reported no karyotype abnormalities in over 200
cases of isolated unilateral or bilateral CL/CLP.
However, in a series by Chmait et al. [25], 22% of
cases of CL/CLP that were presumed to be isolated
prenatally were found to have an additional anom-
aly after delivery, which must be taken into account
when counseling parents regarding the utility of
invasive amniocentesis and neonatal prognosis.

Orofacial clefts are also associated with first-
trimester findings, occurring in 19.5 per 1,000
live births with an enlarged nuchal translucency
(NT). The relative risk of an isolated or non-iso-
lated cleft in a fetus with enlarged NT is 8 and 53,
respectively [26].

1.5  Accuracy of 2D and 3D
Ultrasound in the Prenatal
Detection of CL/P: First
Versus Second Trimester

of Pregnancy

The accuracy of detecting orofacial clefts has
changed dramatically over the past 20 years with
the trend toward improved detection in recent
years. It should be kept in mind that CL is associ-
ated with CP in approximately 80% of cases [27].
In a French study, the detection rates increased
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from approximately 5% in the early 1980s to over
26% in the late 1990s [28], while in Norway, the
detection rate was as high as 58% in the late 1990s
to 2004 [21]. In Western Australia, the detection
rate for CL/CLP was reported to be 22.2% from
1996-2003, with no detection prior to 15 weeks of
gestation [29]. The detection rate was almost simi-
lar in cases of unilateral CL/P (40.6%) and bilateral
(44.4%); although the detection rate for isolated CL
was 33.3%, no cases of isolated CP were diagnosed
by prenatal ultrasound. Bister et al. [30] reported
antenatal ultrasound to have a higher detection rate
of specifically CL/CLP of 93%, although the sensi-
tivity of ultrasound for the detection of all types of
orofacial clefts, including isolated CL and isolated
CLP, was only 65%. However, sensitivity was
100% with no cases of false positives.

1.6  The Role of 2D Ultrasound

The prenatal detection rate of isolated CP when only
2D ultrasound is used is typically very poor, ranging
from O to 1.4% [21,22,24,31,32]. For example, the
Eurofetus group reported the sensitivity of 2D ultra-
sound to diagnose orofacial clefts at routine scan to
be 25%, 22% for CL/CLP, and 1.4% for isolated CP
[32] depending on the experience and training of the
examiner. Brohnstein et al. [33] diagnosed CL/CLP
in only 0.07% of cases using transvaginal ultrasound
between 12 and 16 weeks of gestation with a false-
negative rate of 8%, while Jones reported a higher
detection rate (14-25%) of CL/CLP [34]. According
to Maarse et al. [35], the diagnostic accuracy of
second-trimester transabdominal 2D ultrasound at
detecting orofacial clefts in low- and high-risk popu-
lations ranged from 9-100% for CL/CLP, 0-22%
for CP only, and 0-73% for all types of orofacial
clefts. In contrast, 3D ultrasound in high-risk women
resulted in a detection rate of 100% for CL, 86-90%
for CL/CLP, and 0-89% for CP only.

1.7  TheRole of 3D Ultrasound

Although facial clefting of the fetus can be prena-
tally diagnosed by 2D ultrasound, the introduction
of 3D ultrasound together with the development of
new software applications has led to new insights
into the prenatal ultrasound study of the fetal

palate. There is now a growing body of evidence
that 3D ultrasound may enhance the prenatal visu-
alization of the fetal face and hence the detection
of orofacial clefting, especially if 3D ultrasound is
performed as a targeted examination in cases of
suspected clefting after 2D ultrasound. The best
time frame for ultrasound-based screening is
18-23 weeks of gestation [1].

For this purpose, several techniques have been
developed such as the “flipped-face” view [36],
the “reverse-face” view [37], the Faure technique
and “angle insonation” [38], the “oblique-face”
view [39], and the “retronasal triangle (RNT)”
view [40]. The RNT view was specifically devel-
oped to analyze the primary palate during the
first-trimester scan.

Martinez-Ten et al. [36] have reported that the
“oblique-face” view appears to be the best method
when the secondary palate is involved; this view cor-
rectly identified involvement of the hard palate in
100% of cases, compared to the 71% detection rate
of the “reverse-face” view and 86% detection rate of
the “flipped-face” view. Shadowing from the sur-
rounding bony structures and the fetal tongue may
limit the study of the degree of extension of the cleft
to the posterior palate [41]. The diagnosis of CL/
CLP may be improved by the use of 3D ultrasound
in surface mode [42—45]. Campbell and Lees [46]
have demonstrated that 3D ultrasound using the
“reverse-face” view may enhance sensitivity by
examining the fetal face initially in the frontal plane
and subsequently rotating 180° on the vertical axis to
examine the secondary palate. 3D ultrasound may
be clinically useful in the visualization and recon-
struction of the fetal primary and secondary palate,
especially in cases in which 2D ultrasound is limited
by acoustic shadowing [1,36,47]. When 2D ultra-
sound is complemented by 3D applications, com-
pared with 2D ultrasound alone, the prenatal
diagnosis of CP is improved from 22 to 89% [47].

The Role and Value
of Ultrasound-Targeted MRI
(Magnetic Resonance Imaging)

1.8

Ultrasound-targeted fetal magnetic resonance
imaging (MRI) may be a useful integrated diag-
nostic tool for ultrasonographically suspected
CL/CLP [41,48-50]. MRI can evaluate the
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anterior six tooth buds and the horseshoe-shaped
curve bony structure of the tooth-bearing alveolar
ridge better than ultrasound [51]. While the sagit-
tal plane is useful in the study of the hard and soft
palates, the coronal plane remains the best plane
for diagnosis of abnormalities of the nose and
lips [52].

Isolated clefts of both the soft and hard palate
are more easily detected by real-time MRI [53]; a
positive predictive value of 96% and negative pre-
dictive value of 80% have been reported [54].
Using T2-weighted half-Fourier acquisition sin-
gle-shot turbo spin echo (HASTE) sequence using
sagittal, coronal, and axial planes, Wang et al.
[55] reported that 91% of cleft palates were cor-
rectly detected. In a study by Maildth-Pokorny
et al. [56], fetal MRI successfully visualized a
cleft in the primary and secondary palates in
100% of cases, especially in the axial and coronal
planes. MRI is less dependent on examiner exper-
tise, maternal habitus with increased body mass
index, severe oligohydramnios, and unfavorable
fetal position than ultrasound.

Conclusions

1. Orofacial clefts are one of the most com-
mon congenital anomalies, with a vari-
able prevalence ranging between 1:500
and 1:1,000 live births.

2. The number of infants with clefts in a
population can vary according to mater-
nal age, maternal race/ethnicity, genetic
predisposition, socioeconomic factors,
and environmental factors during intra-
uterine life, such as smoking and alcohol.

3. At least 15% of fetuses with CL/CLP
have other associated anomalies, such as
structural malformations, chromosomal
abnormalities, and/or genetic syndromes.

4. CL/CLP can be diagnosed at the time of
first-trimester screening, as diagnostic
criteria have now been established espe-
cially for 3D ultrasound.

5. 2D ultrasound evaluation of the face and
upper lip should become an integrated
part of the of second-trimester scan.

6. 3D/4D ultrasound can provide, in expert
hands, additional information to the study
of the secondary and soft palate.

7. Advanced 3D/4D ultrasound techniques
have been developed, which are particu-
larly useful to study the hard and soft pal-
ates in the axial plane.

8. Other techniques such as the “equals
sign” are clinically useful in detecting a
cleft involving the secondary and/or the
soft palate.

9. The use of color-Doppler ultrasound may
aid prenatal diagnosis by demonstrating a
bidirectional flow between the oral and
nasal cavities.

10. Once a CL/CLP is prenatally diagnosed,
accuracy should be exerted to ascertain
that CL/CLP is an isolated finding. A
thorough maxillofacial scan as well as a
fetal echocardiography and neurosonog-
raphy should be carried out.

11. Genetic studies (karyotype and arrays),
should be offered, especially if the cleft
lip is median or bilateral, with or without
cleft palate.

12. Fetal MRI, where possible, should be
arranged and integrated with ultrasound
in the diagnostic workup, as it may
improve the antenatal diagnosis of clefts,
especially those cases of isolated clefts
and those involving the secondary
palate.
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The Genetics of Facial Cleft

Arie Koifman, Susan Blaser, and David Chitayat

2.1 Introduction

Cleft lip+cleft palate (CL/P) and cleft palate
(CP) are the most common congenital craniofa-
cial abnormalities with an estimated prevalence
of 1:690 in the United States [1]. Both conditions
can be divided into syndromic (associated with
other abnormalities) and non-syndromic (iso-
lated) with about 70 % of the cases with CL/P and
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50 % of the cases with CP being non-syndromic
[2]. In the United States, the prevalence of iso-
lated cleft lip (CL) is 1:3226 live births, of iso-
lated cleft lip and palate (CL+CP) 1:1786, and of
isolated CP 1:1695 live births [1]. While the prev-
alence of CP is the same in different countries
and ethnic backgrounds, the incidence of CL/P
differs according to the race, ethnic background,
environmental exposures, socioeconomic status,
and geographical origin. Thus, in the United
States the prevalence of isolated CL/P is lowest
among blacks and highest among American
Indians. The incidence of CL/P is also high
among the First Nations population in British
Columbia, Canada [1/300] [3]. Furthermore,
while CP is more common in females, CL/P is
more common in males.

2.2  Embryology

2.2.1 Development of the Face

Five mesenchymal processes are formed during
embryogenesis (2 mandibular, 2 maxillary, and 1
frontonasal), and two nasal pits develop in the
ventrolateral aspects of the frontonasal promi-
nences, thereby forming two lateral and medial
nasal prominences. Complex growth and fusion
of these structures forms the face. Key points in
facial development include growth of the man-
dibular prominences to form a single mandible
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Fig.2.1 Drawing in an anterior oblique view of the late
fetal face showing the contributions of the various facial
processes. Green indicates the frontonasal process; yel-
low, the lateral nasal processes; purple, the medial nasal
processes; orange, the maxillary processes; and blue, the
mandibular processes (Courtesy of Som and Naidich,
AJNR, 2014 [4])

and growth of the maxillary prominences toward
the midline, fusing with the lateral nasal promi-
nences. A deep groove called the nasolacrimal
groove forms between the maxillary and lateral
nasal prominences on either side of the develop-
ing nose (Fig. 2.1). Most of the groove is obliter-
ated with fusion of the maxillary and lateral nasal
prominences, but a small portion of the groove
persists and forms the nasolacrimal duct and lac-
rimal sac. Continued growth of the maxillary
prominences combined with regression of the
frontonasal prominence eventually develop into
the midline of the nose and philtrum of the upper
lip. Disruption of the development of any of the
facial prominences can result in a variety of facial
anomalies, such as cleft lip (failure of the maxil-
lary and medial nasal prominences to fuse),
oblique facial cleft (unilateral or bilateral failure
of the maxillary, medial and lateral nasal promi-
nences to fuse), horizontal lateral cleft (incomplete

lateral merging of the maxillary and mandibular
processes), median cleft lip (incomplete fusion of
the medial nasal prominences), and frontonasal
dysplasia (hyperplasia of the inferior frontonasal
prominence which prevents fusion of the medial
nasal prominences) [4].

Each of the clefts, apart from the midline
clefts, can be unilateral or bilateral, and the cleft
lip can be with or without CP with the left side
being more frequently affected than the right.

Cleft palate, on the other hand, is the result of
incomplete fusién of the palatal shelves and can
involve the primary palate, the secondary palate,
or both, and can be unilateral or bilateral. In some
cases, almost the entire hard and soft palate are
missing (Fig. 2.2).

2.3  Non-syndromic Cleft Lip/

Cleft Palate and Cleft Palate

Non-syndromic CL/P and CP have a multifacto-
rial mode of inheritance. In this mode of inheri-
tance, the defect is due to interaction between
multiple genes, each having a small additive
effect with environmental factors; when the
combination of both components reaches a
threshold, it results in the abnormality which can
be of variable severity (Fig. 2.3). Of the genes
involved, some have a major effect such as sonic
hedgehog [5], transforming growth factor alpha
and beta 3 [6, 7], and IRF6 [8], and some have
small additive contributions such as polymor-
phisms for genes coding for enzymes in the folic
acid metabolism pathway [9]. Of the environ-
mental factors, most are not known but some
have a major teratogenic effect when exposed
during the first trimester of pregnancy. The most
important teratogens associated with CL/P and
CP are antiseizure medications (phenytoin,
sodium valproate, and topiramate) [10] and folic
acid antagonists such as methotrexate [11].
Other exposures suspected to be associated with
CL/P and CP are cigarette smoking [12], folic
acid deficiency [13], and exposure to corticoste-
roids [14].

As in other multifactorial conditions, the
recurrence risk for isolated CL/P depends on the
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Lip

Hard palate

Soft palate

Uvula

Normal
Unilateral cleft lip Bilateral cleft lip
Nasal septum
Nasal cavity
Cleft uvula Unilateral cleft palate Bilateral cleft palate
Unilateral cleft lip Unilateral cleft lip Bilateral cleft lip Bilateral cleft lip
and anterior palate and full palate and anterior palate and full palate

Fig.2.2 Types of cleft lip + palate
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Genetic Factors

Affected

Environmental Factors

Fig. 2.3 Multifactorial mode of inheritance. Interaction between genes and environment (Courtesy of Greenwood

Genetic Center)

Table 2.1 Recurrence risk of oral clefts in percent [15]

Relative CL CL/P CP
Sib 2.5 3.9 33
Half sib 1.0 0.5 1.0
Parent 2.5 2.5 2.1
Offspring 3.5 4.1 4.2
Niece/nephew 0.9 0.8 1.1
Aunt/uncle 0.6 1.1 0.6
First cousin 0.3 0.5 0.4

severity of the defect, the number of family mem-
bers affected, gender (in CL/P, affected females
have a higher recurrence risk), and ethnic back-
ground (American Indian/First Nations> Asian>
Caucasian> African) (Table 2.1).

The recurrence risk of isolated CP does not
seem to be influenced by the ethnic background
but is higher when a male is the proband.

24  Syndromic Cleft Lip/Palate
and Cleft Palate

2.4.1 Chromosomal Abnormalities

e Trisomy 13: This is also called Patau syn-
drome and has an incidence of about 1:16,000
newborns. In 80 % of the cases, the chromo-
some count is 47 and these cases are associ-

ated with maternal age. However, 20 % of the
cases are due to translocation involving chro-
mosome number 13, and some of these cases
are inherited from a parent who carries a chro-
mosome rearrangement involving chromo-
some number 13, usually as a Robertsonian
translocation. The condition is associated
with severe intellectual disability, facial dys-
morphism, scalp defects, CL/P (occasionally
midline) or CP, anophthalmia/microphthal-
mia, brain and cardiac abnormalities, genital
malformations, and postaxial polydactyly.
Only 5-10% of the cases this condition live
past their first year [16].

Trisomy 18: This is also called Edwards syn-
drome and has incidence of 1: 5,000 new-
borns. About 85% of the cases recognized
during pregnancy do not survive to term, and
the chance of having a child with this condi-
tion increases with maternal age. Full trisomy
18 always occurs de novo and is associated
with intrauterine growth restriction (IUGR)
and low birth weight, severe intellectual dis-
ability, characteristic facial features, CL/P or
CP, cardiac abnormalities, clenched fists with
overlapping fingers, rocker-bottom feet, and
prominent heels. Many individuals with tri-
somy 18 die in the first month of life, and only
5-10% of the newborns live past their first
year [16].
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2.4.2 Microdeletion/

Microduplication Syndromes

* 4p deletion: This is also known as Wolf-

Hirschhorn syndrome and is associated with
delayed growth and development, characteris-
tic facial features (“Greek warrior helmet”),
microcephaly, CL/P or CP, iris and/or optic
nerve coloboma and other eye defects, scolio-
sis and kyphosis, club feet, and occasional
cardiac and genital malformations. The preva-
lence of Wolf-Hirschhorn syndrome is esti-
mated to be 1 in 50,000 births [17].

22q11.2 deletion syndrome: This is also known
as velo-cardio-facial syndrome, DiGeorge syn-
drome, or Shprintzen syndrome, and is associ-
ated with a large interstitial deletion of 22q11.2.
At least 30 genes have been mapped to the
region, but most phenotypes of the syndrome
are believed to be the haploinsufficiency of the
gene TBX1. The condition is associated with
short stature (1/3 of cases), CL/P or CP, conduc-
tive hearing loss usually secondary to the cleft
palate, velopharyngeal incompetence, bulbous/
square nose, narrow palpebral fissures, micro-/
retrognathia, cardiac abnormalities, cellular
immunodeficiency, and hyperparathyroidism
(usually transient). Moderate or severe learning
problems are present in ~20%, and 10% have
psychiatric disorders (schizophrenia and/or
bipolar disorder).

1g43-q44 deletion: This condition is charac-
terized by prenatal and postnatal growth
restriction, intellectual disability (moderate to
severe), characteristic facial features includ-
ing microcephaly, prominent forehead, short
nose with a broad nasal tip, and CP. Agenesis
of the corpus callosum and other brain abnor-
malities are common [18].

3929 microdeletion syndrome: The condition
is associated with variable phenotypes despite
an almost identical deletion size. Common
clinical findings include mild to moderate
mental retardation, autism, gait ataxia and
only slightly dysmorphic facial features
including microcephaly, a narrow face, short
philtrum, high nasal bridge, CP or CL/P,
horseshoe kidney, hypospadias and ligamen-
tous laxity [19].

2.5 Mendelian Syndromes

Associated with Cleft Lip/
Palate

2.5.1 Autosomal Dominant (AD)

e van der Woude syndrome: This syndrome has

an incidence of 1:35,000-1:100,000 and is
caused by mutations in the interferon regula-
tory factor 6 (IRF6). It is characterized by
lower lip pits (80%), hypodontia, missing
teeth, CL/P or CP, and cleft uvula. The average
IQ of individuals with van der Woude syn-
drome is similar to that of the general popula-
tion. Missense mutations in the same gene
cause multiple pterygium syndrome [20].
Stickler syndrome: This AD disorder is char-
acterized by Robin sequence, flat facies,
myopia, retinal detachment and cataracts,
spondyloepiphyseal dysplasia and CP and/or
CL/P. Other findings include hearing loss
(both sensorineural and conductive), hyper-
extensible joints, and talipes equinovarus.
Gene mutations known to be associated with
this condition occur in COL2AI1, COLIIAI,
COLIIA2, COL9AI, and COL9A2, which
cause Stickler syndrome types I through V,
respectively. These genes are involved in the
production of three types of collagen: type II,
type IX, and type XI. Stickler syndrome
types I, II, and III are inherited in an autoso-
mal dominant pattern, and types IV and V
have an autosomal recessive mode of inheri-
tance [21].

Treacher Collins syndrome: This condition is
caused by mutations in the TCOF'1 (78-93 %)
and in the POLRID and POLRIC genes. The
dysmorphic features, although variable, are
distinctive and consist of mandibular/malar
hypoplasia, CP with or without cleft lip, hypo-
plastic zygomatic bone, lower eyelid colo-
boma, partial to total absence of the lower
eyelashes, abnormal auricles/external ear
canal, unilateral or bilateral choanal stenosis or
atresia, and conductive deafness usually caused
by malformation of the ossicles and hypoplasia
of the middle ear cavities. Inner ear structures
are usually normal. The incidence is about
1:50,000 [22].
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» Ectrodactyly-ectodermal dysplasia-clefting

syndrome  (EEC) or  ankyloblepharon-
ectodermal defects-cleft lip/palate (AEC) syn-
drome: This condition is associated with CL/P
(in about 2/3 of cases), maxillary and malar
hypoplasia, short philtrum, ankyloblepharon,
labyrinthine dysplasia and distal limb defects
including syndactyly, camptodactyly, and
ectrodactyly (in up to 85% of cases).
Ectodermal dysplasia includes sparse wiry hair,
skin erosions, nail changes, dental changes,
decreased sweating, and hypoplastic nipples.
Partial anodontia and microdontia are common.
Genitourinary anomalies are present in about
half of the cases and include megaureter, dupli-
cated collecting system, vesicoureteral reflux,
ureterocele, bladder diverticula, and renal agen-
esis/dysplasia. The condition is caused by
mutations in 7P63 which is also known to be
associated with Hay-Wells syndrome [23].

2.5.2 Autosomal Recessive (AR)

e Smith-Lemli-Opitz syndrome (SLO): This con-

dition is caused by mutations in the DHCR7
gene affecting the cholesterol biosynthesis and
resultinginlow plasmacholesterol level and ele-
vated concentrations of 7-dehydrocholesterol.
Clinical features include facial dysmorphism,
CL/P, short stature, microcephaly, microgna-
thia, polydactyly, syndactyly, genitourinary
abnormalities (hypospadias, cryptorchidism,
micropenis, hypoplastic scrotum, bifid scro-
tum, microurethra, ureteropelvic junction
obstruction, hydronephrosis, renal cystic dys-
plasia, renal duplication, renal agenesis), and
cardiac malformations [24].

Fryns syndrome: This condition is character-
ized by coarse facies with ocular hyper-
telorism, broad and flat nose and nasal bridge,
long philtrum, large mouth, micrognathia,
poorly formed ears, CL/CP or CP, diaphrag-
matic defects (diaphragmatic hernia, eventra-
tion, hypoplasia, or agenesis), distal digital
hypoplasia, and eye abnormalities including
cloudy corneas and/or microphthalmia, renal
dysplasia/cortical cysts, and brain, genital,

and cardiac abnormalities. Most cases die
within the neonatal period. The gene has not
been delineated [25].

2.5.3 X-Linked

e Opitz G/BBB syndrome: This syndrome con-
sists of facial abnormalities including promi-
nent forehead, hypertelorism, broad and flat
nasal bridge with anteverted nostrils, and
CL/P. Other findings include bifid uvula, cleft
tongue, omega-shaped epiglottis, tracheoma-
lacia, brain abnormalities including agenesis/
hypoplasia of the corpus callosum, and genital
abnormalities. Mild to moderate intellectual
disability is detected in 2/3 of the patients. The
condition is known to be associated with
mutations in the MID1 gene although an AD
form of the condition has been reported [26].

e Oral-facial-digital syndrome type 1 (OFD):
This is a primary ciliary abnormality character-
ized by oral abnormalities including lobed
tongue with hamartomas or lipomas, CL/P or
CP, and/or median cleft or pseudocleft upper lip,
accessory gingival frenulae, dental abnormali-
ties and digital abnormalities including brachy-
dactyly, preaxial or postaxial polydactyly,
syndactyly of varying degrees, and clinodactyly
of the fifth finger on the hands as well as dupli-
cated hallux and facial abnormalities including
hypertelorism, telecanthus, hypoplasia of the
alae nasi, and micrognathia [27]. Renal cysts
other abnormalities include renal cysts and brain
involvement such as intracerebral cysts, agene-
sis of the corpus callosum, and Dandy-Walker
malformation. Developmental delay is found in
as many as 50 % of the patients with OFD1, and
almost all affected individuals are female with
the condition being mainly lethal in males.

2.5.4 Facial Clefts

Facial cleft is a term used to describe all clefts
apart from CL/P and CP. These defects can affect
both skin/soft tissue and bone. Facial clefts are
extremely rare and in most cases are associated
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Fig.2.4 Tessier lines of vertical clefting

with other craniofacial abnormalities. The etiol-
ogy, apart from the cases associated with amni-
otic band, is not known and almost all are
sporadic/not inherited.

In 1976 Paul Tessier [28] (Fig. 2.4) published
a classification on facial clefts based on the ana-
tomical position of the clefts. The different types
of Tessier clefts are numbered 0-14. These 15
different types of clefts can be put into four
groups, based on their position: midline clefts,
paramedian clefts, orbital clefts, and lateral
clefts. The Tessier classification describes the
level of clefting in both the soft tissue and bone
since the two may be different.

2.5.5 Midline Clefts

According to Tessier classification, the midline
clefts (numbers O and 14) are vertical; Tessier
number O bisects the maxilla and the nose, and
Tessier number 14 bisects the nose and frontal
bone.

2.5.6 Oblique Clefts

These consist of paramedian and orbital clefts.
The paramedian clefts are numbers 1, 2, 12, and

13, and although they are quite similar to the
midline clefts, they are further away from the
midline of the face. The orbital clefts are Tessier
numbers 3, 4, 5, 9, 10, and 11 and involve the
orbit. Tessier numbers 3, 4, and 5 are through the
maxilla and the orbital floor, and Tessier numbers
9, 10, and 11 are between the upper side of the
orbit and the forehead or the temple of the head.
Tessier number 11 is an extension of number 3,
number 10 is an extension of number 4, and num-
ber 9 is an extension of number 5.

2.5.7 Lateral Clefts

These consist of Tessier numbers 6, 7, and 8 and
result in congenital macrostomia. The condition
is rare and caused by failure of fusion of the max-
illary and mandibular processes of the first bran-
chial arch. Tessier number 7 is positioned on the
line between the corner of the mouth and the ear.
Tessier number 8 runs from the outer corner of
the eye toward the ear. The combination of a
Tessier number 6-7-8 is seen in Treacher Collins
syndrome, Tessier number 7 is found in relation
to hemifacial microsomia, and number 8 is found
in Goldenhar syndrome. The severity of the clefts
varies; most are unilateral and do not extend
beyond the anterior border of the masseter.

2.6 Summary

and Recommendations

CL/P and CP are the most common craniofacial
abnormalities identified in the newborn. About
70 % of the cases of CL/P and 50 % of the cases
of CP are non-syndromic, and thus a medical
geneticist should be consulted on all cases. Non-
syndromic isolated CL/P is more common than
non-syndromic isolated CP alone, and the preva-
lence of CL/P varies with gender, race/ethnicity,
and geographic location.

When detected pre- or postnatally, a referral to
the orofacial/cleft lip and palate team should be
initiated as well as referral to a medical geneti-
cist, and the following should be included in the
assessment:



A. Koifman et al.

Obtain pregnancy history: Information regard-
ing maternal diseases, maternal exposures, pre-
natal screening and testing, and fetal ultrasound
findings.

Obtain family history: A three-generation
pedigree of both parents.

Perform detailed physical examination: A
detailed and systematic physical examination of
the patient is mandatory looking for abnormali-
ties that can distinguish between syndromic and
non-syndromic conditions and can help make the
diagnosis. A detailed examination of the orofa-
cial region is of utmost importance.

2.7 Investigation
In cases with apparently non-syndromic CL/P
and CP, microarray analysis is recommended. In
syndromic cases, if a specific condition is sus-
pected, mutation analysis should be performed. If
the diagnosis is not known, whole exome/genome
sequencing should be considered.

Depending on the finding on physical exami-
nation and the suspected diagnosis, further inves-
tigation may be needed including:

Cardiac assessment/echocardiography
Eye examination

Abdominal/renal ultrasound

Brain ultrasound/MRI

Skeletal survey

hAEE ol .
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Evaluation of the Fetal Face
in the First Trimester

Waldo Sepulveda, Amy E. Wong,
Pilar Martinez-Ten, and Gabriele Tonni

3.1  Introduction

Evaluation of the fetal face during the first tri-
mester of pregnancy is a relatively new area of
research in Fetal Medicine. The first attempts to
examine the fetal face in early pregnancy were
performed using transvaginal or transabdominal
embryofetoscopy in the early 1990s [1-3].
Although this invasive technique allowed the
early diagnosis of facial abnormalities in several
high-risk cases [4, 5], the high rate of miscarriage
made this approach unacceptable for diagnostic
and therapeutic purposes in ongoing pregnancies
[6]. Currently, the use of this technique is con-
fined to confirm ultrasound diagnosis before first-
trimester termination of pregnancy [7].
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Ultrasound has been the primary diagnostic
tool for prenatal examination of the fetal face for
more than 30 years. The prenatal ultrasound
diagnosis of cleft lip and palate (CLP) was first
reported in 1981 [8], the ultrasound technique for
examining the fetal upper lip to improve the
detection of CLP was first described in 1983 [9],
and detailed ultrasound features of the fetal face
in second- and third-trimester fetuses were fully
described in the mid-1980s[10, 11]. Nevertheless,
the 2003 American Institute of Ultrasound in
Medicine (AIUM) Practice Guideline for the per-
formance of an antepartum obstetric ultrasound
examination, developed in collaboration with the
American College of Radiology (ACR) and the
American College of Obstetricians and
Gynecologists (ACOG), did not include exami-
nation of the fetal face as part of the standard
ultrasound examination [12]. Currently, however,
prenatal evaluation of the fetal face is an integral
part of the routine second-trimester ultrasound
examination as recommended by the AIUM,
ACR, ACOG, Society of Radiologists in
Ultrasound (SRU), and International Society of
Ultrasound in Obstetrics and Gynecology
(ISUOG) [13-15]. Although in these guidelines
it is implicit that evaluation of the fetal face
should include an attempt to visualize the upper
lip for possible cleft lip anomaly, only the ISUOG
guideline specifically states that this should
include a focused visualization of the upper lip
and, if technically possible, the profile, orbits,
nose, and nostrils [14].
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A primary goal of a focused examination of the
fetal face at any given gestational age is the prena-
tal detection of orofacial clefts or other facial dys-
morphisms that may suggest the presence of an
underlying genetic or chromosomal disorder.
Therefore, a thorough ultrasound examination
should focus on ruling out several conditions,
mainly CLP, absence or hypoplasia of the nasal
bones, micrognathia, and hypertelorism or hypo-
telorism among others [16, 17]. In particular, the
prenatal diagnosis of CLP is usually made during
the second or third trimester, at which time exami-
nation of the coronal plane of the fetal face shows
a defect involving the upper lip and, at the axial
view at the level of the alveolus, a gap in the upper
lip and alveolar ridge [18-21]. In cases of bilateral
cleft lip, the premaxilla is often dislodged anteri-
orly; this protruding mass can be detected by ultra-
sound in the midsagittal view of the fetal face as a
paranasal echogenic mass, the “premaxillary pro-
trusion” sign [22]. In cases of central clefts, how-
ever, the entire premaxillary area is missing and
the cleft extends posteriorly affecting the second-
ary palate, resulting in a flat profile due to severe
hypoplasia of the midface. These latter cases are
often associated with lethal aneuploidies [23].

During the early development of high-
resolution ultrasound, detection of facial abnor-
malities in the first trimester was reported only in
a handful of cases, most of them detected inci-
dentally or in a high-risk population undergoing
an early scan because of a history of a previously
affected infant or fetus [24-28]. The relatively
recent widespread incorporation of the first-tri-
mester ultrasound screening for aneuploidy
between 11 and 13 weeks of gestation [29-31]
has made it possible to detect structural anoma-
lies in the general population in early pregnancy
[32-39]. Nevertheless, focused examination of
the fetal face has been rarely included in the first-
trimester ultrasound scanning protocol even
though one of the main criteria for the correct
measurement of the nuchal translucency (NT)
thickness and assessment of the nasal bone is the
mandatory visualization of the fetal profile in the
true midsagittal view of the face [30, 31]. Indeed,
the 2013 ISUOG Practice Guidelines for perfor-
mance of the first-trimester fetal ultrasound scan

suggested that the fetal face is an optional struc-
ture to examine and failure to examine the face
should not prompt further examination earlier
than the second-trimester anatomy scan [40].

On the other hand, evaluation of the face in the
first trimester has been suggested to increase the
detection rate of fetuses with aneuploidy, particu-
larly those with trisomy 21. Indeed, ultrasound
markers for aneuploidy involving the face, such as
visualization of the nasal bone [41] and measure-
ment of the frontomaxillary facial angle [42], have
been incorporated into the first-trimester ultra-
sound protocol with variable detection rates. Of
note, despite the strong impact of the previously
mentioned ultrasound markers in the first-trimester
detection of aneuploid fetuses, which has led to the
early diagnosis of trisomy 21 in numerous cases,
the evaluation of the fetal profile did not improve
the detection of CLP despite the similar incidence
of these two conditions in the general population.

In this chapter, we will discuss the main first-
trimester ultrasound features of the normal and
abnormal fetal face. Ultrasound examination of the
fetal face using both the sagittal and coronal views,
as well as the role of three-dimensional (3D) ultra-
sound in the assessment of the normal lip and pal-
ate and in the diagnosis of orofacial clefts and other
common facial malformations that are potentially
diagnosable at the first-trimester ultrasound scan at
11-13 weeks of gestation, will be emphasized. As
clefts of the soft palate are not currently possible to
detect in the first trimester, this particular topic will
not be covered in this chapter.

3.2 Normal Ultrasound Anatomy
of the Fetal Face in the First

Trimester

The fetal face can be readily identified and exam-
ined during the first-trimester ultrasound scan at
11-13 weeks of gestation using two-dimensional
(2D)  high-resolution  real-time  ultrasound
(Fig. 3.1). This examination is facilitated by the
clear contrast between the amniotic fluid and the
facial outline, unless the fetus is in a persistent
prone or lateral position. If a proper midsagittal
plane is obtained and adequate magnification is
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Fig. 3.1 Sagittal two-dimensional ultrasound view in a
13-week fetus. The fetal profile is clearly depicted despite
the small size of the fetal face; calipers denote the nasion-
to-chin distance, which in this case was 12 mm

used, the entire profile can be examined (Fig. 3.2).
In this plane, several anatomic landmarks includ-
ing the forehead, prefrontal and prenasal subcuta-
neous soft tissue, nasal bone, upper and lower lips,
and chin can be identified and evaluated using
adequate ultrasound settings. On deeper planes,
the primary and secondary palates are always
identified and appear together as a single thick,
rectangular echogenic line almost perpendicular to
the profile. The anterior portion of the mandible is
also seen in this view as a small echogenic square
in the lower aspect of the profile. The tongue can
be seen within the oral cavity, particularly when
swallowing movements are present. The nose and
nasal bone are important structures of the midface
with which most sonographers performing first-
trimester ultrasound aneuploidy screening are
familiar. The three characteristic echogenic lines,
including the tip of the nose, the skin line, and the
nasal bones, should always be identified for a
proper assessment of the midface [30, 31].

In the coronal plane (Fig. 3.3), the two frontal
bones are visualized in the upper aspect of the
face, which at this gestational age appear clearly
separated in the midline by the metopic suture. In
a slightly more caudal view, the eyeballs can be
identified as predominantly anechoic, paired
structures within the orbits. Within each eyeball,
the lens is seen as a small, anechoic round struc-
ture surrounded by an echogenic rim. In the mid-
face, the maxilla is the most prominent structure,

Fig. 3.2 Sagittal view of the fetal head used for first-
trimester aneuploidy screening purposes to measure the
nuchal translucency (NT) thickness and assess the nasal
bone (NB). The facial structures that are clearly visualized
at this gestational age are: / frontal bone, 2 prefrontal and
prenasal subcutaneous tissue, 3 nasal skin, 4 tip of the
nose, 5 upper lip, 6 lower lip, 7 chin, 8 palate, 9 oral cavity
and tongue, /0 mandibular bone

which is seen as an echogenic, triangular-shaped
structure forming the “retronasal triangle” (RNT)
corresponding to the alveolar ridge at the base and
the frontal processes of the maxilla laterally
(Fig. 3.4) [43]. At the top of the RNT, the nasal
bones can be easily seen [44, 45]. In the lower
part of the face, the right and left mandibular
bones are seen, normally displaying a gap between
them (the “mandibular gap”) [46]. In between the
maxilla and mandible, the mouth is seen as a pre-
dominantly anechoic, oval-shaped area. In con-
trast to the straightforward visualization of the
echogenic alveolar ridge, the upper lip is difficult
to image in the coronal plane of the face.
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Fig.3.3 Left panel, coronal
view of the fetal face in the
first trimester. The facial
structures that are clearly
visualized at this gestational
age are MS metopic suture,
FB frontal bone, O orbit,
RNT retronasal triangle
(alveolar ridge and frontal
processes of the maxilla with
the nasal bones on the top,
see also Fig. 3.4), M mouth,
MB mandibular bone, MG
mandibular gap. Right panel,
calipers delineating the
mandibular gap

Fig. 3.4 Retronasal triangle. Left panel, drawing of the
retronasal triangle. / frontal process of the maxilla, 2 alve-
olar ridge (primary palate), 3 nasal bones. Middle and
right panels, coronal ultrasound view of the face in a first

A detailed study evaluating which fetal ana-
tomic structures can be identified in the first tri-
mester was undertaken in 1144 singleton
pregnancies undergoing first-trimester screening
ultrasound in a dedicated Fetal Medicine Center
[47]. Visualization rates of the fetal face, aiming to
identify the orbits, lens, and profile according to
the fetal crown-rump length, were 98.3, 99.5, 99.0,
and 100 % for fetuses with crown-rump lengths of
45-54, 55-64, 65-74, and 75-82 mm, respec-
tively. The overall visualization rate of the fetal
face was 99.2 % (1135 of 1144 fetuses). In another
study involving 300 first-trimester pregnancies
with complete pregnancy follow-up, the fetal face

trimester fetus. FB frontal bones, MS metopic suture, NB
nasal bones, FP frontal process of the maxilla, PP pri-
mary palate, M mandibular bone

was seen in 95 % of cases [48]. These data suggest
that properly trained sonographers can confidently
visualize the fetal face and hence perform a basic
examination of this area during the first-trimester
ultrasound scan.

In order to define the normal first-trimester
facial structure, normative data have been
reported including measurement of the nasal
bone [49-52], prenasal thickness [53], maxillary
and mandibular bone length [54-56], premaxil-
lary thickness [57], frontomaxillary facial angle
[42], and frontal space [58, 59]. These measure-
ments, although potentially useful for the detec-
tion of several anomalies affecting the fetal face
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in the first trimester, seem to have limited value
for screening in the general population and
should be restricted either to those cases in which
an anomaly is suspected or for research
purposes.

The use of 3D ultrasound in the evaluation of
the fetal anatomy has been an important contribu-
tion to clinical practice. In the particular case of
first-trimester fetuses, this technique can provide
detailed, high-definition views of the fetal facial
anatomy in all possible angles, especially when
high-quality volume datasets are obtained with
transvaginal probes and analyzed offline. Display
of the three orthogonal planes or, alternatively,
multiple parallel views using multiplanar mode
facilitates the identification of all the facial struc-
tures, particularly the frontal bones, orbits, pri-
mary and secondary palates, and mandible.
Surface-rendering mode is another extremely
useful technique to display the upper lip and
metopic suture to rule out facial malformations.
Surface-rendering views can also be enhanced
with the use of HDLive™ technology, which
allows lightening and shadowing of certain areas
of the anatomy to generate more realistic images
of the fetal face [60].

3.3  Retronasal Triangle View

Due to its potential utility in determining the nor-
mal facial anatomy in the first trimester, the RNT
is discussed separately in this section. The RNT
corresponds to the triangular-shaped, echogenic
lines seen in the coronal plane of the midface that
represents the maxillary bone (Figs. 3.3 and 3.4).
The macxilla is formed by the alveolar ridge (the
anterior part of the primary palate situated in the
caudal aspect of the midface) and two bony pro-
longations, the frontal processes of the maxilla,
which join in the midline superiorly at the level
of the nasal bones below the metopic suture. In
the first trimester, the coronal view of the maxilla
displays an echogenic triangle that can be easily
visualized just posterior to the nose, hence the
term “retronasal triangle” used to describe this
landmark [43]. First-trimester ultrasound screen-
ing studies have demonstrated that the visualiza-

tion rate of the RNT during the scan is very high,
ranging from 98 to 100 % [43, 61, 62].

There are two techniques to visualize the
RNT with transabdominal ultrasound. The first
is to identify the midsagittal plane of the fetal
head to image the fetal profile. Then, the trans-
ducer is rotated 90° and a sweep to the lower
part of the face is performed until the RNT is
visualized. The other technique is to first visual-
ize the axial view of the fetal brain at the level of
the choroid plexuses (“butterfly” sign) [63] and
then to sweep the transducer downward in the
same angle until the midface is identified. Once
the RNT is visualized, a short sweep should be
done to assess the nasal bones and the primary
palate. The latter technique is the one recom-
mended by the authors because it has the advan-
tage of being able to evaluate more structures,
therefore improving the early detection of other
anomalies. Indeed, in this sweep, it is possible
to visualize both eyes, including the orbits, eye-
balls, and lenses just above the RNT. At the top
of the triangle, one or both nasal bones can be
easily identified, which can be an alternative
technique for the assessment of the nasal bone
in the first-trimester screening of aneuploidy
[44, 45]. In a more inferior plane, the mandibu-
lar bones can also be identified, and this view
can be used for the screening of micrognathia
by assessing the “mandibular gap,” which cor-
responds to the separation between the two
mandibular bones posterior to the chin [46]. In
addition, we have noted that by extending the
sweep caudally, it is also feasible to identify the
clavicles and the upper extremities, which can
also be helpful for confirming the presence of
the clavicles and the two hands to rule our upper

limb reduction defects (unpublished
observations).
3.4 3D Ultrasound Evaluation

of the Fetal Face in the First
Trimester

3D ultrasound is an important tool for the eval-
uation of the fetal face in the first trimester.
Using both multiplanar and surface-rendering
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modes, almost all anatomical structures of the
fetal face can be identified and examined using
offline analysis of the acquired 3D volume
datasets. As the acquired 3D volume can be
reformatted in any given angle and depth, any
desired plane can be obtained. This possibility
has enormous advantages over the 2D ultra-
sound technique, as the 3D volume can be
stored and analyzed offline as many times as
required without loss of resolution. In addition,
3D datasets can also be sent for remote special-
ist consultation. Nevertheless, although 3D
ultrasound has been extensively used to exam-
ine the face in normal and abnormal second- or
third-trimester fetuses, its use in the first tri-
mester has intrinsic limitations because the
soft tissue at this gestational age is more diffi-
cult to delineate and the skeletal bony struc-
tures are still hypomineralized. In addition, 3D
acquisition should be obtained at optimal
planes, with high-resolution equipment and,
ideally, using the transvaginal approach.
Additional sources of suboptimal imaging are
technical factors such as early gestational age,
poor fetal position, and maternal habitus or
previous abdominal surgery if the transabdom-
inal route is used. If possible, the transvaginal
route should be offered to the patient and
attempted every time high-quality 3D datasets
are required, especially in cases of suspected
fetal anomalies.

There are two 3D algorithms that can be
used to examine the fetal face in the first trimes-
ter. The first is the multiplanar mode, which is
extremely useful to examine simultaneously all
three orthogonal planes or obtain any desired
view of the facial structures (Fig. 3.5). This is
the technique of choice to obtain the exact sag-
ittal, coronal, or axial plane if needed for analy-
sis. In addition, it provides a useful tool for
avoiding misinterpretation or artifacts in the
early evaluation of the fetal face. Several tech-
nological modifications of the multiplanar
mode have been developed, including the
OmniView™ software, which displays up to
three simultaneous views in any plane (Fig. 3.6),
and the ObliqueView™ software, which dis-

plays either a single orthogonal plane or multi-
ple parallel planes of different thickness by
drawing a line in any plane of the screen
(Figs. 3.7 and 3.8). Visualization of the fetal
palate using a commercially available algo-
rithm (Volume NT™), which automatically
obtains the true midsagittal plane of the fetal
head, has proven to be extremely useful in the
first trimester [64]. When the sagittal plane is
obtained and combined with the Oblique View™
utility, the axial view of the secondary palate
can be easily obtained since the palate at this
gestational age is flat and void of acoustic shad-
owing. The technique consists of obtaining a
midsagittal view of the face by sweeping the
mechanical 3D probe for a side-to-side acquisi-
tion. The 3D volume is then displayed in the
ObliqueView™ mode and a line is drawn
through the palate. The orthogonal plane show-
ing the palate is immediately displayed in the
dual screen (Fig. 3.9). The advantage of this
technique is its simplicity; however, it requires
the dedicated software for analysis.

The second algorithm is surface-rendering 3D
ultrasound, which can provide high-definition
views of the entire surface of the face (Fig. 3.10).
This can also be enhanced with the use of
HDLive™ algorithm, which can offer improved,
vivid views of the facial structures in the first
trimester (Fig. 3.11). With the adjunct use of the
“magic cut” tool, more realistic views of the face
in both the coronal and sagittal planes can also be
obtained.

3.5 First-Trimester 2D/3D
Ultrasound in Selected Facial
Malformations

3.5.1 CleftLip and Palate

CLP is a relatively frequent and clinically
significant congenital malformation and a promi-
nent feature of both chromosomal abnormalities
(particularly trisomy 13 and trisomy 18) and
other genetic and nongenetic craniofacial syn-
dromes. Therefore, special effort should be made
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Fig. 3.5 Three-dimensional multiplanar views of the allows the simultaneous visualization of different struc-
orofacial structures in the first trimester show the three tures of the fetal face in the three planes. The dots repre-
orthogonal planes (left, sagittal plane; middle, axial plane;  sent the intersection of all three orthogonal planes

right, coronal plane). Navigation through the volume
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Fig.3.6 OmniView™ software. Using a reference plane  corresponding orthogonal planes that are simultaneously
(in this case, the sagital plane), the operator can manually  displayed in the other panels
draw up to three observational lines, which generates the

Fig.3.7 ObliqueView™ software. Upper panel, simulta-  a thick slide can be used to enhance the visualization of
neous visualization of the orthogonal view is obtained by  the bony structures of the face
drawing a line through the reference plane. Lower panel,
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Fig.3.8 ObliqueView™ software. Simultaneous multiparallel orthogonal views are generated by drawing a line in the
reference plane

Fig.3.9 Application of the VolumeNT™ algorithm, which  ter. Note that at this gestational age, the palate is flat and
automatically displays the midsagittal plane of the head, in  there is no acoustic shadowing from surrounding bony
conjuction with the ObliqueView™ software generates the  structures

axial plane to assess the secondary palate in the first trimes-
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Fig. 3.10 Representative ultrasound views of the fetal dle, three-dimensional surface-rendered views of the face
face in the first trimester using different ultrasound tech-  in the frontal and lateral views; right, fetal face reformat-
niques. Upper panel: left, transabdominal ultrasound; ted with the HDLive™ software

right, transvaginal ultrasound. Lower panel: left and mid-

Fig.3.11 Additional ultrasound images using the HDLive™ software obtained transvaginally from a 13-week fetus
show realistic views of the fetal face in the first trimester

to examine properly the facial structures even in  chromosomally normal fetuses with increased
the first trimester. Indeed, examination of the NT thickness, as the latter group seems to have a
fetal face should be an integral part of the workup  higher incidence of CLP than fetuses with nor-
of first-trimester fetuses with ultrasound suspi- mal NT thickness, probably due to a higher prev-
cion of chromosomal abnormalities and also in  alence of underlying nonchromosomal genetic
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conditions [65]. Nevertheless, the vast majority
of fetuses with an isolated CLP present with nor-
mal NT thickness; therefore, efforts to visualize
the fetal face during the first-trimester ultrasound
scan should be made irrespective of the NT
thickness.

The diagnosis of CLP in the first trimester,
however, is difficult because of the small size of
the facial structures, scant subcutaneous tissue
present in the premaxillary area, and difficulties
in detecting orofacial clefts using the sagittal
view of the head [43]. Indeed, a recent review
of the literature involving more than 45,000
euploid fetuses undergoing routine first-trimester
ultrasound screening in a dedicated Fetal
Medicine Center demonstrated that the diagnosis
of CLP was only made in less than 5% of cases
[66]. This low detection rate highlights the diffi-
culty in diagnosing CLP during the routine first-
trimester scan if a focused examination of the
fetal face using high-resolution ultrasound equip-
ment and proper scanning technique are not per-
formed. Moreover, a review of the English
literature until 2009 [43, 47], when the RNT view
was described, revealed only a few cases of CLP
diagnosed in the first trimester in euploid fetuses.
In the only two reported cases with detailed ultra-
sound information available, the condition was
severe and involved bilateral CLP with promi-
nent premaxillary protrusion, one of which was
diagnosed with transvaginal ultrasound [28] and
the other with the adjunct use of 3D ultrasound
[68]. This observation is further confirmed by a
systematic review of the literature on the efficacy
of first-trimester ultrasound scan to detect fetal
malformations. The overall first-trimester detec-
tion rate for facial abnormalities, including both
chromosomally normal and abnormal fetuses,
was only 34 % [69].

The discordance between the detection rates
of trisomy 21 and CLP in the first trimester
(>80 % versus <5 %, respectively) led us to spec-
ulate that the most significant limitation to the
detection of CLP was the plane of examination
employed. Indeed, although the ultrasound tech-
nique used for aneuploidy screening, namely,
assessment of the NT thickness, nasal bone, and
frontomaxillary facial angle in the sagittal plane,

is good at detecting trisomy 21, this view is poor
at identifying CLP. Occasionally, 2D ultrasound
visualization of the fetal profile can detect the
characteristic premaxillary protrusion of bilat-
eral CLP (Fig. 3.12); however, even this feature
has not been emphasized during routine first-tri-
mester sonographic screening. This limitation
led our group to investigate an alternative tech-
nique for the detection of CLP in the first trimes-
ter, which was based on the visualization of the
RNT in the coronal plane of the face [43]. This
plane is similar to the one used in the second tri-
mester to visualize the upper lip and nostrils [9,
70] and was brought to our attention by the
report of the “premaxillary triangle” view sug-
gested by Suresh et al. [71] for the screening of
CLP in the second trimester. In their description,
the focus is placed on the soft tissue of the upper
lip and the echogenic alveolar ridge in a single
coronal view. However, since the upper lip is
minimally developed in the first trimester, we
chose to depict only the maxilla that forms the
base of the RNT. In this view, the presence of a
cleft of the primary palate is demonstrated by
unilateral, bilateral, or central discontinuity at
the level of the alveolar ridge, which is the base
of the RNT (Fig. 3.12) [43].

The recent advent of 3D ultrasound technol-
ogy has allowed closer examination of the fetal
anatomic structures even in the first trimester.
The evaluation and diagnosis of an orofacial cleft
with 3D ultrasound in the first trimester was first
reported by Ghi et al. in 2009 [68]. In this case,
the authors detect a premaxillary protrusion at
the time of a routine scan and further evaluation
with 3D surface-rendering ultrasound clearly
depicted a bilateral CLP. Since then, 3D ultra-
sound has played an increasingly important role
in the prenatal examination of the fetal face
including the detection and confirmation of CLP
(Fig. 3.13). The technique for the systematic
analysis of 3D volume datasets of the fetal face
obtained from first-trimester fetuses undergoing
ultrasound screening for aneuploidy was reported
by our group (Fig. 3.14) [72]. 3D volume datasets
from 240 first-trimester fetuses, including seven
cases with CLP, were assessed offline by two
independent operators. Coronal views at the level
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Fig.3.12 Left panel, two-dimensional ultrasound shows
premaxillary protrusion in the sagittal view of the face in
a first-trimester fetus with bilateral cleft lip and palate

(arrow). Chromosomal analysis was reported as normal.
Right panel, coronal view shows an abnormal retronasal
triangle. Note the bilateral gaps in the alveolus (arrows)

Fig. 3.13 Three-dimensional ultrasound in a first-trimester fetus with premaxillary protrusion. The nuchal translu-
cency thickness was increased and chromosomal analysis revealed trisomy 13

of the RNT were evaluated for possible clefts of
the primary palate and axial views were evalu-
ated for possible clefts of the secondary palate
(Fig. 3.15). Overall, all fetuses with clefts affect-
ing the primary palate and 86 % of those affecting
the secondary palate were detected with a satis-
factory false-positive rate [72].

A more sophisticated technique for evaluating
the primary and secondary palates using 3D
ultrasound involves the use of OmniView™ algo-
rithm, which allows the examination of multiple
parallel views to visualize the primary and sec-
ondary palates. In a screening study of 100 low-
risk and 50 high-risk fetuses, the RNT view was
imaged to assess the primary palate and the axial

view to assess the secondary palate [61]. The two
fetuses affected with CLP in this cohort were cor-
rectly identified using this technique and none of
the fetuses with normal lip and palate displayed
an abnormality on this 3D ultrasound examina-
tion. The utility of the HDLive™ technique in
fetuses with CLP remains to be determined; how-
ever, based on several cases in which it has been
used, it seems to be promising (Fig. 3.16) [73].
Recently, another technique to detect clefts
of the secondary palate was reported [74]. It is
based on the identification of the “maxillary
gap,” which is displayed in the sagittal view of
the head. In this plane, the primary and second-
ary palates form a continuous thick and straight
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Fig. 3.14 Technique for three-dimensional ultrasound after rotation in plane a. The reference dot is on the pri-
evaluation of the fetal face in the first trimester. Upper mary palate and the palate is horizontal. The retronasal
panel shows the initial plane for acquisition. The sagittal  triangle is displayed in plane b and the secondary palate in
plane is seen in a, the axial plane in b, and the coronal plane ¢

plane in ¢. Lower panel shows the three orthogonal views
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Fig.3.15 Representative views of the fetal face in the three by three-dimensional ultrasound. The numbers indicate the
orthogonal planes and the surface-rendered images in seven  case and a, b, and ¢ indicate the sagittal, coronal, and axial
first-trimester fetuses with cleft lip and palate as determined  planes. In d, the surface-rendered view is shown
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Fig.3.16 Three-dimensional ultrasound performed with the HDLive™ technique in a first-trimester fetus with unilat-
eral cleft lip (arrows) (Courtesy of Prof. F. da Silva Costa, Melbourne)

echogenic line. In fetuses with clefts of the sec-
ondary palate, this line is interrupted, yielding a
gap (Fig. 3.17). The advantage of this technique
is its simplicity, as it can be performed with 2D
ultrasound and uses the same view as the one
for NT assessment. However, the diagnosis
should ideally be confirmed with 3D ultrasound
technology. The axial view can also be used to
assess the secondary palate for possible cleft-
ing. In this plane, the tongue can prevent visu-
alization of the cleft, so it is advised to wait
until the fetus swallows and fills the gap with
amniotic fluid to enhance identification of the
cleft (Fig. 3.18).

3.5.2 Micrognathia

Micrognathia is defined as a small chin, which
usually is also displaced posteriorly (retrogna-
thia). Clinically, these two terms are often used
synonymously. The prenatal detection of micro-
gnathia is of paramount importance because it is
associated with several craniofacial abnormali-
ties, genetic disorders, and chromosomal anoma-
lies [75, 76]. In the first trimester, the diagnosis
can be difficult since the normal mandible is

poorly developed. However, cases of severe
micrognathia can be confidently detected with a
proper view of the fetal profile demonstrating the
receding chin even at this early stage of
development.

The first reported diagnosis of micrognathia
in the first trimester was reported by the use of
transvaginal 2D ultrasound in a fetus with
Robin anomalad [25]. The diagnosis was made
at 13 weeks and was based on the subjective
impression of a receding chin on the profile
view of the fetus. Subsequently, several addi-
tional cases have been recently reported by
detecting similar features, including one case of
severe micrognathia in a fetus with trisomy 9
[77], one case of progressive development of
mandibular hypoplasia and microglossia [78],
and another with Nager syndrome (acrofacial
dysostosis) [79].

We have described an ultrasound screening
technique for micrognathia in the first trimester
based on the coronal view of the fetal face [46].
In this view, just inferior to the RNT, the two
mandibular bones are normally separated by a
gap, the “mandibular gap.” In fetuses with micro-
gnathia, however, the plane in which the gap is
located crosses the chin or is located behind the
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Fig. 3.17 The “maxillary gap” sign. Sagittal view of a
fetus with bilateral cleft lip. Note the gap in the secondary
palate (arrow)

Fig.3.18 Coronal view of a fetus with complete clefting
of the primary and secondary palates (arrow)

chin, and the gap is therefore absent or the man-
dible not seen (Fig. 3.19). The utility of this view
was demonstrated in nine fetuses with microgna-
thia analyzed retrospectively by offline analysis
of the corresponding 3D volume datasets [46].
Additional techniques, which do not require
3D ultrasound, include the visualization of the
profile and measurement of different angles

involving the maxilla and mandible. These
include the mandibulo-maxillary facial angle
[80] or, an even simpler technique, the frontal
space distance technique [59]. In the latter case, a
line crossing the anterior aspect of the chin and
the maxilla should cross the forehead. In fetuses
with micrognathia, this line is deviated anteriorly
(Fig. 3.20). This appears to be an excellent, sim-
ple ultrasound technique for the screening of
micrognathia in the first trimester.

3.5.3 Cyclopia and Proboscis

Cyclopia and proboscis are invariably lethal con-
genital anomalies affecting the upper face and are
closely related to each other as part of the
holoprosencephaly sequence. The term cyclopia
refers to the fusion of the orbits (the single orbit
can contain one or two eyeballs), whereas pro-
boscis is an appendage located above the single
orbit corresponding to a nonfunctioning nose.
These facial malformations always occur together
as the result of abnormal cleavage of the fore-
brain or prosencephalon resulting in a failure to
divide the orbits. The most frequent associated
chromosomal abnormality is trisomy 13.

The second-trimester diagnosis of cyclopia
and proboscis is simple and includes the visual-
ization of the proboscis as a trunk-like append-
age extending from the forehead, a single orbit,
and absent nose in the midsegment of the face
[17]. In the first trimester, however, the diagno-
sis can be missed if a detailed examination of
the face is not performed. The first-trimester
ultrasound diagnosis of cyclopia and proboscis
has been reported several times [24, 81-83],
with the most striking first-trimester ultrasound
finding in affected fetuses being the detection
of holoprosencephaly on axial views of the
fetal head. Further evaluation of the face in
these cases often reveals the cardinal features
of cyclopia and proboscis (Fig. 3.21). 3D ultra-
sound can also help in the diagnosis by demon-
strating the proboscis in the surface-rendering
mode (Fig. 3.22).
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Fig. 3.19 The “mandibular gap” sign. Upper panel, in
normal fetuses the line crossing through the nasal bone and
primary palate passes posterior to the chin, displaying a
gap on the coronal view of the face. Lower panel, in fetuses

with micrognathia, the line passes either anterior to or at
the plane of the chin; consequently, the coronal view of the
face does not incorpérate the chin or displays an absent
mandibular gap. NB nasal bone; PP primary palate; C chin

Fig.3.20 The “frontal space” sign. In fetuses with micrognathia, the line crossing through the anterior aspect of the maxilla
and primary palate passes anterior to the frontal bone. In normal fetuses, the line is close to the frontal bone
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Fig.3.21 Axial view of the fetal head. Proboscis (arrow) in a fetus with holoprosencephaly. V monoventricle, ¢p cho-
roid plexuses

Fig.3.22 Three-dimensional multiplanar and surface-rendered views of a first-trimester fetus with proboscis
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Fig.3.23 Frontal cephalocele in the first trimester

3.5.4 Frontal Cephalocele

Cephaloceles are open neural tube defects
through which cranial contents protrude. In a
recent first-trimester study, we noted that frontal
cephaloceles seem to be more prevalent in the
first trimester compared to the second trimester
[84]. Although the diagnosis of any type of ceph-
alocele in the first trimester is typically straight-
forward, the presence of a frontal cephalocele
always produces a bizarre appearance (Fig. 3.23)
and is wusually associated with a dismal
prognosis.

3.5.5 Agnathia-Holoprosencephaly
Sequence

This is a lethal anomaly characterized by severe
hypoplasia or absence of the mandible in asso-
ciation with holoprosencephaly. It is invariably
associated with ventro-caudal displacement of
the ears, microstomia, and microglossia. Three
cases of agnathia diagnosed in the first trimes-
ter have been reported, the most striking ante-
natal finding being the detection of an abnormal
profile and absent mandible in association with
holoprosencephaly (Fig. 3.24) [85-87].

3.5.6 Miscellaneous Conditions

As previously mentioned, case reports of the
prenatal diagnosis of extremely rare malforma-
tions of the fetal face have been published.
These include diprosopus [26] and oculo-auric-

Fig.3.24 Two-dimensional view of a fetus with agnathia-
holoprosencephaly sequence. Note absent mandibular
bone (Courtesy of Dr. E. Andreeva, Moscow)

ulo-frontonasal syndrome [27]. With the
improved resolution of 2D/3D ultrasound tech-
nology, it is expected that the number of these
cases will increase in the future.

Conclusions

The early diagnosis of CLP and other malfor-
mations affecting the fetal face still requires a
high index of clinical suspicion. With current
ultrasound image resolution and scanning
technique, examination of the fetal face in the
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first trimester is feasible and can provide
valuable information for the early detection
of orofacial defects and other facial malfor-
mations. Every attempt should be made to
visualize the fetal face during first-trimester
ultrasound screening, starting with close
examination of the profile in the sagittal plane
of the fetal head under appropriate settings.
Acquisition of the coronal plane to visualize
the RNT should also be mandatory. The latter
technique is easily and rapidly performed and
can be easily incorporated into the first-tri-
mester scanning protocols. Moreover, it can
facilitate the detection of facial anomalies and
enhance early prenatal detection of fetuses
with chromosomal anomalies and genetic
syndromes.
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The Role of 2D/3D/4D Ultrasound
in the Prenatal Assessment of Cleft

Lip and Palate

Pilar Martinez-Ten, Waldo Sepulveda,
Amy E. Wong, and Gabriele Tonni

4.1 Introduction

Orofacial clefting is a significant abnormality
because it can be associated with other structural
anomalies, chromosomal disorders, and genetic
syndromes. The frequency is high, occurring in
about 1 in every 700 live births [1]. Due to the vis-
ible nature of the abnormality, the parents are often
significantly emotionally affected. The children
born with defects of the hard palate have difficul-
ties with feeding, ear infections and loss of hearing,
difficulties and delay in speaking, and dental prob-
lems. These children require complex surgery.

As a result of improvements in ultrasound
technology and the routine use of this technique
in standard clinical practice, orofacial clefting
(with or without associated abnormalities) is
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being diagnosed in the prenatal period with
increasing frequency [2, 3]. The rate of detection,
especially of the cleft lip with or without cleft
palate (CL/CLP), has risen from 5 % in the 1980s
[2] to 26 % in 1990 [4] and was most recently
reported to be as high as 65 % [5].

Although there have been many classification
systems of clefts described in the literature, none
have been universally accepted. The current trend
is to classify them as cleft lip (CL), cleft lip-
palate (CLP), cleft palate (CP), or medial fissures
[3]. Many classifications are modifications of the
Y system of Kernahan [6], which defines the lips,
primary palate, and secondary palate (hard and
soft). The LAHSAL system proposed by Kriens
in 1989 [7], also a modification of Y of Kernahan
[6], is very common, easy to use, and excellent
for teaching purposes (Fig. 4.1). It is the system
of classification that our department currently
uses. A specific prenatal description of the cleft is
useful to counsel the parents on the prognosis and
to plan the surgical procedures to be performed
on the neonate. Furthermore, because the new-
born with CLP requires the involvement of a
multidisciplinary team of healthcare profession-
als, an accurate and precise description of the
defect is essential to optimize coordination of
care to achieve a favorable outcome.

The role of prenatal ultrasound is to diagnose
the cleft, establish the extent of the lesion, and
diagnose any associated abnormalities, both
structural and chromosomal.
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4.2 Assessment with 2D

ultrasound

The evaluation with 2D ultrasound of the lip and
palate is performed using the three spatial planes:
sagittal, coronal, and axial or transverse/cross sec-
tional (Fig. 4.2). The profile is obtained by scan-
ning the face in the sagittal plane. The view of the
nose and lips is obtained by scanning the face in an
anterior coronal section. Finally, the assessment in
an axial or cross-sectional plane just below the

L L
Lip Lip
A A
alveolus alveolus

H
RIGHT hard palate LEFT

S|

soft palate

Fig. 4.1 The LAHSAL system, proposed by Kriens in
1989 [7], is a modification of the Y of Kernahan [6]

nose at the level of the upper lip enables visualiza-
tion of the integrity of the upper lip, as well as the
surrounding alveolus, or primary palate.

The sagittal plane can detect a wide variety of
profile alterations during the routine anatomy
assessment when certain facial anomalies are
present. These include anomalies of the orbits,
facial mass, micrognathia, retrognathia, and the
absence or hypoplasia of the nasal bones.

The premaxilla, or paranasal protuberance
was described by Nyberg et al. [8, 9] in 1992 and
1993. A paranasal mass identified by ultrasound
during the second trimester is an important find-
ing of a complete bilateral CLP (Fig. 4.3). In the
studies by Nyberg et al. [8, 9], the majority of the
fetuses with bilateral CLP demonstrated presence
of this mass. The paranasal protuberance can be
seen below the nose and represents the prolabium
and the premaxilla, composed of the central por-
tion of the upper lip and the primary palate with
the alveolar holes of the two central incisors that
are derived from the frontonasal processes. The
paranasal protuberance can also be evident in
cases of larger unilateral CLP.

A flat profile (Fig. 4.4) associated with bilat-
eral clefts with or without palate involvement
has been described by Gabrielli et al. [10]. In
their retrospective study with 14 fetuses with
prenatal diagnosis of bilateral clefts, 9 of 14
fetuses had a premaxilla protuberance and 5 of
14 (approximately one-third) had a flat profile.

Fig. 4.2 Evaluation with 2D ultrasound of the lips and
palate. (a) Sagittal plane showing the forehead, nose,
upper and lower lips, and the chin. (b) Anterior coronal
plane showing nasal columella, nostrils, philtrum, upper

and lower lips, and chin. (¢) Axial plane showing upper
lip and primary palate with the alveolar holes. The sec-
ondary palate is not seen
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The 5 fetuses with a flat profile were aneuploid,
including three with trisomy 18, one with tri-
somy 13, and another with mosaic trisomy 8.
In the group with premaxilla protuberance,
only one of the nine fetuses had trisomy 13.
The authors concluded that the flat profile is
seen in approximately a third of the cases with
prenatal diagnosis of bilateral clefting and that
these fetuses are at high risk of having a lethal
aneuploidy. The combination of a flat facial
profile and a chromosomal abnormality sug-
gests that many of these clefts, which are usu-
ally medial fissures, are a consequence of a

Fig.4.3 Sagittal plane obtained with 2D ultrasound of a
fetus of 22 weeks with a bilateral CLP. A premaxilla or
paranasal protuberance is seen, representing the prelabium
and the premaxilla projecting anteriorly

Fig.4.4 (a) Surface
rendered image using
3D ultrasound of a
16-week fetus affected
with trisomy of
chromosome 13 with a
midline cleft. (b)
Sagittal plane (2D
ultrasound) of the same
fetus illustrating the
“flat profile”

deficiency during the development of the fron-
tonasal process affecting the forehead and
nose.

In the anterior coronal plane, in which the tip
of the nose and the length of the lip are seen in
the same view, the interruption of the surface of
the lip can be visualized and classified as unilat-
eral (right or left) or bilateral (Fig. 4.5).

In the transverse or axial plane performed
with 2D ultrasound, we can identify the alveolar
crest of the upper maxilla (Fig. 4.6). However, we
cannot see the secondary palate (hard or soft)
because of shadowing from the surrounding alve-
olus and the presence of the tongue.

Fig. 4.5 Anterior coronal plane (2D ultrasound) of a
bilateral CLP
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Fig.4.6 Axial plane (2D ultrasound) of a left CLP showing
the lip (curved arrow) and the affected border of the alveo-
lus (straight arrows). Shadowing from the tongue and the
ear precludes visualization of the secondary palate

In addition, evaluation of the uvula can be a
helpful in determining if there may be a defect
of the soft palate. Sonographic visualization of
the uvula can be achieved by obtaining a coro-
nal plane through the neck and pharynx or via
a transverse plane with slight tilting of the
transducer as demonstrated by Wilhelm and
Borgers [11] in 667 consecutive patients with a
normal singleton pregnancy between 20 and 25
weeks of gestation. These authors demon-
strated that a normal uvula could be visualized
with a typical echo pattern (the “equals sign”™)
in 90.7 % of the cases and the soft palate could
be completely visualized in a median sagittal
section in 85.3 % of the cases. Visualization of
at least one of the two structures (either the
uvula or the soft palate) was successful in
98.4 % of cases. Ultrasound detection of a bifid
uvula (consisting in a cleft at this level) is diag-
nostic of a soft palatal defect [12].

In addition to the use of conventional 2D
ultrasound, color Doppler ultrasound may con-
tribute to the prenatal diagnosis of CP by demon-
strating abnormal amniotic fluid flow between
the oropharynx and the nasopharynx -cavity,
either using 2D or 3D ultrasound [13-15].
However, power Doppler may create a “blooming

artifact” or “color bleed” [16] compared to high-
definition power Doppler. The new bidirectional
power Doppler technique combines high axial
resolution with reduced spatial overlap of tissue
and flow signals [17].

4.3  Exploration with 3D

ultrasound

As we have highlighted above, in the second and
third trimesters, defects involving the lips and the
surrounding alveolus are often successfully diag-
nosed with relative ease using conventional 2D
ultrasound. However, the diagnosis of the sec-
ondary palate involvement (hard and soft) contin-
ues to be a challenge for the sonographer.

With the arrival of 3D ultrasound, a series of
techniques have been developed for exploring the
secondary palate. These are the “reverse face”
technique published by Campbell et al. [18], the
“flipped face” technique developed by Platt et al.
[19], and variations of both techniques [11, 20—
24]. All seek to evaluate the palate in coronal or
axial planes using a multiplanar system and/or
rendering provided by 3D ultrasound. Our group
published another method [25], which we termed
the “oblique face” technique using the Oblique
View tool that enables selection of nonconven-
tional planes of volume (oblique or curved). The
results are similar to that obtained with the
OmniView tool [26].

To view the secondary palate, it is essential
that the plane of initial acquisition of volume is
very clear. It needs to be a midsagittal plane of the
face, restricting the sector over the facial mass.
According to the recommendations of Pilu and
Segata [27], the fetus should have the head slightly
deflected; the face may be gently pressed with the
transducer to induce this slight deflection
(Fig. 4.7) so that the hard palate and the shadow of
the maxilla do not interfere with the ultrasound.
We use maximum quality, high harmonics, and an
angle of 40-70° depending on gestational age. It
does not matter whether the cord or the placenta is
in front of the face, but there should not be any
limbs because of the shadows created over the
upper maxilla or hard palate.
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Fig.4.7 Window A:
The initial plane for
volume acquisition is a
straight midsagittal
plane from which the
volume is obtained with
a sweep angle of
40-70°. The sweep is
performed in a lateral
direction from one side
of the face to the other.
The head is slightly
deflected so that the
ultrasound beams are
directed toward the
palate at a slightly
oblique angle (arrows).
Window B: coronal
plane. Window C: axial
plane. Window X:
surface rendered image
of the face

Below, we describe the techniques that
enable us to visualize the secondary palate with
3D ultrasound.

4.3.1 “Reverse Face”View

According to the technique described by
Campbell et al. [18], we place the green render-
ing lines from the posterior part to the anterior
part of the palate. This allows coronal reconstruc-
tions rendered from the “inside” (Fig. 4.8).

4.3.2 “Flipped Face”View

This technique was described by Platt et al. [19].
We rotate the fetal face 90° from the midsagittal
supine position to obtain axial planes of the sec-
ondary palate displaced from the chin up to the
nose in a rendered surface reconstruction. We have
enhanced this technique slightly; given that the
form of the palate is concave, we curve the green
line over the palate to achieve a better representation
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of the palate. The green line is curved over the
coronal plane of the multiplanar evaluation (dem-
onstrating the laterals borders of the palate) and
the sagittal plane (demonstrating the anterior and
posterior borders of the palate) (Fig. 4.9).

4.3.3 “Oblique Face” View
To obtain the “oblique face” view, we use the
Oblique View tool to obtain a nonstandard plane
enhanced with XIMR [25] or the OmniView tool
[26]. On a volume represented by the midsagittal
section of the face, we specify a surface that
traces the lips, the surrounding alveolus, and the
palate, and we obtain an axial plane, perpendicu-
lar to this previously traced surface, in which the
palate is incorporated. Secondly, we trace a line
on the profile in the caudal-cranial direction from
inside the face, and we obtain a coronal plane that
we can shift and rotate along the length of the
palate (Fig. 4.10).

Figures 4.11 through 4.19 show different
types of clefts and their evaluation with 3D
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Fig.4.8 Reverse face
technique. Window A:
initial plane of volume
acquisition with the
profile of the face
turned 90° and the
green rendering line
placed to the right,
from the inside of the
face. Window B:
coronal plane of the
face. Window C: axial
plane at the level of the
nasal septum. Window
X: surface rendered
image demonstrating
the hard palate in a
coronal plane (arrow
head)

Fig.4.9 Flipped face
technique. Window A:
initial plane of volume
acquisition with the
profile of the face turned
90° and the green line of
the rendering box
curved so that it is fitted
to the location of the
hard and soft palate.
Window B: coronal
plane of the face with
the green line curved
over the hard palate.
Window C: axial plane
at the level of the nasal
septum. Window X:
surface rendering on the
right shows an axial
plane of the maxilla with
alveolar ridges, hard
palate, and soft palate

ultrasound using these three techniques. We need
to take into account that when we see the face
using surface rendering, the right side of the fetus
is on the left in the image and vice versa (a mirror
image). The same mirroring occurs in the axial
planes obtained with the “flipped face” technique
and with the coronal or axial planes derived using
the oblique face technique. Nevertheless, when
we employ the reverse face technique of
Campbell, since we are looking at the coronal
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plane from “inside,” the right of the face is on the
right in the image, and the left side of the face is
on the left in the image.

Itis most likely that no single method (“‘reverse
face,” “flipped face,” or “oblique face™) is notably
superior than the others. All techniques can be
applied to each case; the critical factors to achieve
an accurate and specific understanding of the
abnormality are a good 3D volume and the time
to perform thorough evaluation.
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Fig.4.10 Oblique face technique. We used the OmniView
tool (GE Health Care, Zipf, Austria). Window A: initial
plane of volume acquisition on which we trace a nonstan-
dard plane (oblique or curved). The first line with volume
contrast imaging (VCI) in the 2 mm thickness (1, yellow)
is curved over the palate to include the upper lip and the
central part of the upper maxilla of the hard and soft pal-
ate. In Window 1, the plane obtained perpendicular to the
traced line is a curved axial plane that shows the lip, the
upper maxilla with the alveolar holes, and the hard palate.

Do We Need to Include

the 3D Ultrasound
Evaluation of the Secondary
Palate in the Anatomy
Assessment in the Second
Trimester?

4.4

In arecent study [28], we applied the “flipped face”
technique to 97 consecutive pregnancies between
18 and 23 weeks during our routine midtrimester
anatomic assessments. It was not possible to obtain
a volume in 13 patients. Of the 84 cases in which it
was possible to capture a volume, the assessment
of the secondary palate was acceptable in only 34
cases. In the remaining 50 cases, the positioning of
the limbs, shadows generated by the superior max-
illa, or the poor quality of the volumes prevented an
adequate view of the secondary palate.

From this study, we concluded that 3D ultra-
sound evaluation should not be used routinely.
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The second line with VCI with a thickness of 2 mm
(2, purple) is perpendicular to the hard palate. In Window
2, we see the obtained coronal plane that traverses the
hard palate and is similar to that obtained with the
Campbell (2007) technique. The third line with VCI in
thickness of 2 mm is oblique (3, blue) and incorporates
the more anterior part of the facial mass. In Window 3, we
see an anterior coronal plane of the face with the central
portion of the upper maxilla

However, it may be offered as a special ultra-
sound study such as a maxillofacial ultrasound
similar to the indications for an echocardiogram
or a neurosonographic exam in specific circum-
stances. The indications for maxillofacial ultra-
sound would consist of:

1. Finding of cleft lip on 2D ultrasound. Attempts
should be made to assess the full extent of the
lesion to appropriately counsel the parents and
the multidisciplinary team regarding whether
the maxilla and the secondary palate are also
involved.

2. Pregnancies with high risk of clefting of the
secondary palate. When structural anoma-
lies, intrauterine growth restriction, polyhy-
dramnios, or a syndrome or a chromosomal
abnormality is suspected, it is reasonable to
perform a detailed assessment of the palate
[29].
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Fig. 4.11 Unilateral left lip cleft. (a) Surface rendering
of the fetal face showing the cleft of the left lip. (b)
Newborn. (¢) Kernahan Y simplified [6]. (d) Surface ren-
dering of the axial plane of the palate with the flipped face
technique showing the affected left lip (arrow) and the
surrounding alveolus and normal secondary palate.

left UCL

(e) The same image of (d) highlighting the cleft lip
(green), the upper maxilla (yellow), and the secondary
palate (pink). (f) Coronal plane obtained with the reverse
face technique. The curved arrow highlights the non-
affected secondary palate
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Fig.4.12 Bilateral cleft lip: (a) surface rendering of the
fetus showing the bilateral cleft lip at 32 weeks. (b)
Newborn. (¢) Simplified Y of Kernahan [6]. (d) Surface
rendering of the axial plane of the palate with the flipped
face technique showing the affected lips on both the left
and right sides (arrows), the surrounding alveolus, and

unaffected secondary palate. (e) The same image of (d)
highlighting the cleft lip (green), upper maxilla (yellow),
and secondary palate (pink). (f) Coronal plane obtained
with the reverse face technique. The curved arrow indi-
cates the non-affected secondary palate
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Fig.4.13 Bilateral cleft lip-palate. (a) Surface rendering
showing the bilateral fissure of the lip. (b) Simplified Y of
Kernahan [6]. (¢) Coronal plane obtained with reverse
face technique. The curved arrow shows the non-affected
secondary palate. (d) Surface rendering of the axial plane
of the palate with the flipped face technique showing the
bilaterally affected lip (arrows). The cleft of the primary
palate extends up to the incisor foramen. The secondary
palate is non-affected. (e) The same image as (c) with the

cleft lips and the upper maxilla at the site of the lateral
foramen highlighted in green. Yellow highlights are the
central parts of the upper maxilla with the two central
incisors, and the remainder of the maxilla lateral to the
defect. Pink highlights are the secondary palate. (f)
Oblique face technique showing the axial plane with the
affected lip (arrows), the primary palate at the site of the
lateral incisor foramen, and the secondary palate
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Fig. 4.14 Left unilateral lip-alveolus cleft. (a) Surface
rendering of the face of a fetus at 27 weeks showing a
defect of the lip from the base of the nose producing an
asymmetric nose with deviation of the septum and flatten-
ing of the alar cartilage. (b) With the oblique face tech-
nique, we traced a line in the caudal-cranial direction that
crosses the upper maxilla. The plane obtained is in the
coronal plane similar to that obtained in the reverse face
method showing the orbits, the frontal processes, nasal
septum deviated to the right (arrow), the fissured upper
maxilla, and the communication between the oral cavity
and the nasal cavity (curved arrow). (¢) Simplified Y of

left UCLA

Kernahan [6]. (d) Surface rendering of the axial plane of
the palate with the flipped face technique showing the
maxilla interrupted laterally, lacking the segment of the
maxilla that will begin the lateral incisor of the affected
side. The defect will reach the point of separation of the
primary palate from the secondary, i.e., up to the incisor
foramen (red dot). (e) The same image as (d) with green
showing the fissures of the lip and the upper maxilla up to
the incisor foramen. Yellow highlights the surrounding
non-affected alveolus. Pink shows the secondary palate. (f)
Coronal plane obtained with the reverse face technique.
Note the affected secondary palate
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Fig. 4.15 Bilateral alveolar-lip fissure. (a) and (b) sur-
face rendering showing the bilateral fissure of the lip with
the prolabium projecting anteriorly. (¢) Simplified Y of
Kernahan [6]. (d) Surface rendering of the axial plane of
the palate with the flipped face technique showing the
bilaterally affected lip. The primary palate is fissured up
to the incisor foramen (red dot). The secondary palate is
non-affected. (e) The same image as (d) with green

highlighting the fissures of the lip and upper maxilla at the
site of the lateral incisor foramen. Yellow highlights the
central part, the upper maxilla with the two incisors cen-
tral and lateral to the defect, and the rest of the maxilla.
Pink highlights the secondary palate. (f) Coronal plane
obtained with the reverse face technique showing the
intact hard palate (curved arrow)
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Fig4.16 Right unilateral cleft lip-palate. (a) Surface ren-
dering of the fetal face showing the right lip fissure. (b)
Newborn. (¢) Simplified Y of Kernahan [6]. (d) Surface
rendering of the axial plane of the palate with the flipped
face technique showing the lip, the surrounding alveolus,
and the secondary palate affected on the right side. (e) The

right UCLP

same image as in (d) with green highlighting the lip fis-
sures, the upper maxilla, and the secondary palate. Yellow
highlights the non-affected maxilla. Pink shows the entire
secondary palate to the side of the defect. (f) Coronal
plane obtained with the reverse face technique showing
the fissure in the secondary palate
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Fig.4.17 Unilateral left cleft lip-palate +right lip fissure.
(a) Surface rendering showing the bilateral fissure of the
lip. (b) Newborn. (¢) Simplified Y of Kernahan [6]. (d)
Surface rendering of the axial plane of the palate with the
flipped face technique showing the lip, surrounding alveo-
lus, and the affected left secondary palate as well as the
affected lip, on the right side. (e) The same image as (d)
with green highlighting the fissures of the lip, upper

left UCLP+L

maxilla, and the secondary palate. Yellow highlights the
non-affected maxilla. Pink shows the secondary palate to
the sides of the defect. Dark green shows the notch in the
lip on the right side. (f) Coronal plane obtained with the
reverse face technique showing the fissure in the second-
ary palate (curved arrow) and the central communication
between the oral cavity and the nose
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A\

Fig. 4.18 Unilateral right CLP. (a) Surface rendering
showing the right lip cleft with a large fissure. (b)
Newborn. (¢) Simplified Y of Kernahan [6]. (d) Surface
rendering of the axial plane of the palate with the flipped
face technique showing the lip, the surrounding alveolus,
and the secondary palate affected on the right side. This
defect is very severe, with wide separation of the struc-
tures. (e) The same image as (d) with green showing the

right UCLP
C

wide fissure of the lip, the upper maxilla, and the second-
ary palate. Yellow highlights the non-affected maxilla.
Pink shows the secondary palate lateral to the defect. (f)
With the oblique face technique, we traced a line in the
caudal-cranial direction. The plane obtained is coronal
showing the orbits, the frontal processes, and the nasal
septum deviated to the left and the wide communication
between the oral cavity and the nasal cavity
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Fig.4.19 Bilateral lip-palate cleft. (a) Surface rendering
of the face of a fetus of 23 weeks with a bilateral CLP
affecting the lip, maxilla, hard palate, and soft palate. The
cleft completely involves the two sides of the lip. The pre-
maxilla and prolabium (arrow) unite into the vomer, pro-
jecting anteriorly and separated from the maxilla. The
facial appearance is very characteristic of orofacial cleft-
ing. (b) Simplified Y of Kernahan [6]. (¢) Coronal plane
obtained with the reverse face technique. The arrow
shows the premaxilla. (d) Axial plane showing the max-
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2D/3D/4D Ultrasound of the Fetal
Face in Genetic Syndromes

Pilar Martinez-Ten, Waldo Sepulveda,

and Gabriele Tonni

5.1 Introduction

Clinical dysmorphology is the study of rare syn-
dromes that accompany malformations and/or
phenotypic abnormalities. Around 2500 dysmor-
phology syndromes or malformations have been
described, the great majority accompanied by
mental retardation. Combinations of small phe-
notype variations characterize a large number of
them, without there being a principal malforma-
tion. The examination of the face and, to a less
extent, the extremities is the element that most
often determines the diagnosis.

Progress in prenatal diagnosis and, in
particular, the development of three-dimensional
(3D) ultrasound is facilitating dysmorphography
examination of the fetus. The dysmorphology
analysis requires a sonologist with experience in
rare syndromes as well as an extensive knowl-
edge. In utero, this focus can only be achieved in
a multidisciplinary field combining, if possible,
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the participation of an expert sonologist in the
field of normal fetal face and an expert in dys-
morphology. A thorough evaluation including
family history, fetal biometry, study of stages of
psychomotor development of the relatives, out-
comes of para-clinical tests, and examination of
the parents should be performed. The dysmor-
phology examination should be an additional
diagnostic tool in prenatal study. In particular,
the systematic examination of the face can reveal
abnormalities that could provide key clues in the
diagnosis of fetal diseases and syndromes.

The study of the fetal face needs to be
systematic in order to identify malformations
(cleft lips, ocular abnormalities, etc.), but the
dysmorphology examination needs to be a
dedicated test similar to echocardiography or
neurosonography that assesses whether an
abnormality is isolated or occurs in associa-
tion with other abnormalities as part of a pos-
sible syndrome [1].

5.2 The Dysmorphology

Examination

Genetic syndromes that can be diagnosed in the
first trimester usually involve large malforma-
tions, not merely dysmorphisms. Further, facial
morphology evolves with gestational age. In the
first trimester, the lower third of the face are
more developed compared to the upper third, and
as such, the ears have a very low position. The
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dysmorphology discussed in this chapter refers
to findings in the second and third trimesters.

5.2.1 TheFace

The dysmorphology examination of the fetal face
needs to be the same as that of the newborn or
infant [2, 3]. It needs to be systematic while
examining the front of the face and the profile
with two-dimensional (2D) ultrasound and 3D
ultrasound (Fig. 5.1).

5.2.2 ProfileViews

In the profile view we study:

1. The forehead (elusive or convex) and discard
prefrontal edema (Fig. 5.2).

2. The nasal root (hypoplastic or very promi-
nent) (Fig. 5.3).

3. The size of the chin (micrognathia and/or
retrognathia) (Figs. 5.4 and 5.5). The mandib-

ular disorders have been traditionally diag-
nosed by subjective evaluation of the chin in
the profile study. In an attempt to use objective
measures, Rotten et al. [4] described two indi-
ces to help diagnosis; the inferior facial angle
(IFA) and the ratio of “mandibular width
(MD)” and “maxilla height (MX)”. The IFA is
obtained in a midsagittal plane of the face
tracing a line perpendicular to the forehead at
the level of the union of the two nasal bones.
The second line links the more anterior por-
tion of the lips and the extremity of the chin.
The mean value of this angle is 65.5° and val-
ues below 49.2° are considered retrognathia.

. The philtrum (located between the columella that

separates the nose and the upper lip) (Fig. 5.2c).

. The ears. The size needs to be compared with

the published nomograms. The evaluation of
the position must be carefully performed
because an abnormally positioned ear can
present in very subtle fashion, and the gesta-
tional age needs to be taken into account
(Fig. 5.6).

Fig.5.1 Images obtained with 3D ultrasound in which the surface renderization enables us to obtain coronal, oblique,
and sagittal planes of normal fetuses with gestational ages between 27 and 33 weeks
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Fig. 5.2 Different pathologies assessed in the fetal pro-
file. (a) 2D ultrasound of achondroplasia at 33 weeks; (b)
3D ultrasound of a 35 week fetus with severe cerebral ven-

Fig. 5.3 2D ultrasound of a fetus with Binder phenotype.
Combination of abnormalities that are characteristic, such as
underdevelopment of the middle third of the face; absence
of the frontal-nasal angle with flattening of the glabella and
verticalization of the nasal pyramid. The nose is short with
flattened dorsal and nasal tip and shortened columella; pre-
nasal hypoplastic maxilla with acute angle nasal lip and con-
vex upper lip (Courtesy of Dr. Nerea Maiz Elizaran, Spain)

5.2.3 Coronal Views

In the coronal plane we assess:

. Orientation and size of the palpebral fissures
. Hypertelorism or hypotelorism (Fig. 5.7)

. Microphthalmia or anophthalmia (Fig. 5.8)

. Shape of the nose

. Microstomia or macrostomia

. Tongue (possible macroglossia) (Fig. 5.9)

. Lips (discard fissures)

~N OB W=

triculomegaly (35 weeks); (¢) 2D ultrasound of a fetus with
Cornelia de Lange syndrome with Long and prominent phil-
trum, prefrontal edema, and retromicrognathia

Fig. 5.4 Surface renderization with 3D ultrasound of a
fetus of 15 weeks, with retrognathia/micrognathia

Reference values have been published for the
majority of these measurements (width of the
eyelids, area of the ears, height of the front, size
of the philtrum, etc.) [5].

5.2.4 The Rest of the Examination

The majority of syndromes have extrafacial
abnormalities and, in particular, abnormalities of
the extremities. The dysmorphology examina-
tion, hence, includes detailed analysis of the
limbs (Figs. 5.10 and 5.11). The number of fin-
gers and toes should be counted. A postaxial
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Fig. 5.5 (a) 3D ultrasound of the face of a fetus of 34
weeks with retrognathia/micrognathia; (b) 2D ultrasound
of the fetal profile in which the measured lower face angle
is 47.06 (normal defined as >49.2°) [4]; (¢) 3D ultrasound
surface rendering of the axial plane with the “flipped face”

technique; the hard palate is very short and small (high-
lighted in pink). The newborn presented with obstruction
of the airway due to the abnormal location of the tongue;
absence of the soft palate was diagnosed postnatally

Fig.5.6 (a—c) Outline and ear of a newborn showing dif-
ferent components; (d) fetal ear view with 3D ultrasound;
(e, f) fetal ear with 3D ultrasound surface renderization; /

lobe, 2 helix, 3 antihelix, 4 trago, 5 antitrago, 6 auricular
tubercle, 7 cross of the helix
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Fig. 5.7 Frontal-nasal dysplasia with nose involvement verse diameter distance of each orbit. (b) Image with 3D
and hypertelorism. (a) Coronal plane with 2D ultrasound  ultrasound with renderization showing the dysplasia at the
showing the intraorbital distance greater than the trans-  level of the nose. (¢) Newborn

Fig.5.8 Right lip-palate cleft with right microphthalmia.  axial plane in which the arrow highlights the small right
(a) Evaluation using the “reverse face” technique of the orbit, and without lens. (¢) Fetal MRI; coronal plane
coronal plane; microphthalmia (arrow) and the affected showing affected orbit

secondary palate (curved arrow); (b) 3D ultrasound, high

Fig.5.9 Macroglossia in Down syndrome. It is “relative” macroglossia in that the tongue protrudes beyond the sur-
rounding alveolar ridge due to the hypoplasia of the lower third of the face that is present in this syndrome
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Fig. 5.10 (a) Surface rendering with 3D ultrasound of
fetal hand with typical ectrodactyly (29 weeks). (b)
Preaxial polydactyly. The extra finger (arrow) is encoun-
tered in the radial axis of the hand. (¢) The same case as in
(b) evaluated with 3D ultrasound in skeletal mode. Arrow
showing the extra finger. (d) A typical ectrodactyly in a

fetus of 33 weeks, 3D ultrasound in skeletal mode. (e) 3D
ultrasound surface renderization: absence of first and sec-
ond phalanges of the third finger. (f) “Claw hand,” super-
imposition of the fifth finger on the fourth and of the
second on the third. Assessment with 3D ultrasound, sur-
face renderization of a case of trisomy 18

Fig.5.11 3D ultrasound surface rendering of abnormalities of the feet. (a) Postaxial polydactyly. (b) Club foot. (¢)
Metatarsus varus foot

polydactyly of only one hand can have the same
semiological value as polydactyly of the four
limbs. In addition, we should look at the orienta-
tion of the fingers and toes and the number of
phalanges. The diagnosis of syndactyly, although

difficult, may be possible with 3D ultrasound.
However, parents should also be counseled that
abnormalities of the fingers/toes can occur as iso-
lated malformations without severe clinical
significance.
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Facial Malformation as a
Sign of a Complex Syndrome

5.3

As we have commented, the analysis of the face
forms part of the routine examination. It is neces-
sary to emphasize the risk associated with perform-
ing a very detailed analysis of the face in the absence
of a high level of suspicion of abnormality due to
the precence of other abnormalities and/or family
history. Many isolated dymorphology features may
be encountered in normal individuals and should
not be of concern to the parents. However, significant
facial abnormalities (Figs. 5.12, 5.13, 5.14, and
5.15) can be the entry point for the diagnosis of fetal
diseases and syndromes and can facilitate an overall
fetal evaluation using the same criteria that we
employ when we diagnose, for example, visceral
malformations.

Fig.5.12 Hypohidrotic ectodermal dysplaisa, a rare disease
(1/10,000 to 100,000 newborns) caused by an abnormal
development of the tissues derived from the ectoderm. These
children have problems with the sweat glands, are incapable
of sweating and, as such, have febrile confulsions. Further,
they have thinning hair and hypoplasia of the dental arch with

5.3.1 The Cleft Lip-Palate

As we have commented in Chapter 3, the cleft lip
and palate (CLP) can be associated with a num-
ber of chromosomal syndromes or genetic errors
[8, 9]. In the LDDB database [23] (http://www.
Imdatabases.com), there are 189 syndromes with
non-medial CLP, of which 77 are associated with
mental retardation and 41 with medial fissures of
which the majority are associated with mental
retardation or death. Figures 5.16 and 5.17 show
CLP associated with syndromes [10].

5.3.2 Abnormalities of the Ears

These are difficult to evaluate in detail with 2D
ultrasound but very accessible with 3D ultrasound.

sl

prominent lips and teeth that are pointed and separated. (a, b)
Photographs of child affected with hypohidrotic ectodermal
dysplasia. (c—e) 2D and 3D ultrasound performed prenatally
showed the face to have very prominent lips and a small nose.
(f) Newborn with the charactistic facial features of hypohi-
drotic ectodermal dysplasia [28]
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Fig. 5.13 Partial trisomy of chromosome 20. Fetus
assessed at 28 weeks showed shortened femur, slight ven-
triculomegaly with cephalic perimeter increased relative
to gestational age, and hypoplasia of the nasal bones. The
rest of the morphology assessment was normal. The
karyotype showed a duplication of part of the material of
the long arm of chromosome 20 (46 XY, dup (20)

(q11.2q13.2). The child of 5 years of age has dysplasia of
the corpus callosum, microcephaly, and moderate-severe
mental retardation. (a) Hypoplasia of the nasal bones
(arrow). (b) Facial profile obtained with 3D ultrasound
surface renderization, showing the small nose but other-
wise normal-appearing profile that would lead to a suspi-
cion of trisomy 21. (¢) Newborn [6]

Fig. 5.14 Cornelia de Lange syndrome. Rare syndrome
(1/80,000 newborns) and sporadic, described by Cornelia de
Lange in 1933. The syndrome has various characteristics,
among which is a severe psychomotor delay. The fetus pres-
ents, at 26 weeks, micromelia in one arm with monodactyly
and facial dysmorphism. There are no nasal bones and pre-
frontal edema is present; the nasal philtrum is very promi-
nent due to excessive development of the upper maxilla.

Micrognathia and retrognathia are present. The eyelashes
(arrow) are long which indicate hirsutism; (a) and (b): in the
assessment with 2D and 3D ultrasound, the philtrum is very
large and prominent, with prefrontal edema and retromicro-
gnathia; (c¢) and (d) show micromyelia of the arm with
monodactyly in the assessment with 3D ultrasound, and fol-
lowing birth. (e) and (f) Eyelashes are extraordinarily long,
an indication of hirsutism, as can be seen in the newborn [7]
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Fig.5.15 Binder syndrome. (a) 2D ultrasound profile of
the Binder phenotype with flat profile without nasal emi-
nence. (b) 2D ultrasound showing a thick and striking
femur due to calcification of the hypophysis, consistent
with chondrodysplasia punctata associated with Binder

syndrome. (¢) Fetal X-ray showing asymmetry in the long
bones and unilateral calcification of the epiphyses of the
femur and humerus, as well as the vertebra-rib junction
(Courtesy of Dr. Nerea Maiz Elizaran, Spain)

Fig.5.16 Ectrodactyly-ectodermal dysplasia-left syndrome (EEC syndrome). (a) Surface renderization showing the
bilateral cleft of the lip. (b—c) Surface renderization of the hand and foot with ectrodactyly

We need to distinguish among ears that are
small, large, abnormally shaped, asymmetric, or
of a low-set position, as these characteristics
would direct the diagnostician to a particular syn-
drome. For example, a small ear would prompt
assessment of the other ear and the face to search
for signs of Franceschetti syndrome or Treacher
Collins syndrome. Or, we may be directed toward
performing a detailed study of the heart and spine
to assess for possible Goldenhar syndrome or
facial-auricle-vertebral malformation, or a care-
ful analysis of the limbs looking for a defect of
the radial ray abnormality of Nager syndrome.
Asymmetric and abnormally shaped pinnas of
the ears would sugest CHARGE syndrome.

5.3.3 Micrognathia

In the LDDB database [23] (http://www.lmda-
tabases.com), there are 824 syndromes that
involve micrognathia/retrognathia. These include
the Pierre Robin and Treacher Collins syndromes
and chromosome abnormalities such as trisomy
13 and 18, triploidy, translocations, and dele-
tions. This abnormality can produce obstruction
of the airway due to abnormal location of the
tongue (Fig. 5.5). As such, prenatal diagnosis is
important so delivery can be planned with the
appropriate resources available to a neonate who
is suspected to have respiratory difficulties after
birth [11].
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Fig.5.17 Wolf-Hirschhorn syndrome: ultrasound assess-
ment at 29 weeks demonstrated bilateral cleft lip and pal-
ate, hypertelorism, very prominent glabella with absence
of nasal bridge, prenasal edema, agenesis of the corpus
callosum, and hypospadias. Karyotype analysis showed a
chromosomal structural alteration in the male fetus, iden-
tified as a deletion in the short arm of chromosome 4. (a)
2D ultrasound It is as if the front continues with the show-
ing an abnormal profile in which the forehead is continu-

5.3.4 Profile Abnormalities

An abnormal profile is associated with >100
syndromes. Hypoplasia of the middle third of the
face can present in some skeletal dysplasias such
as achondroplasia or thanatophoric dysplasia.

5.4 Down Syndrome

Down syndrome (DS) is the chromosomal altera-
tion most frequently seen in humans. It is the
principal congenital cause of mental retardation.
The neonatal prevalance is around 7.11/10,000
newborns; there has been a statistically signifi-
cant linear decrease in the prevalance over the
years, possibly due to the impact voluntary termi-

gous with the nose. (b) Coronal plane obtained with 3D
ultrasound showing the bilateral lip cleft, slight hyper-
telorism, and absence of nasal bridge with a very promi-
nent glabella. (¢) Coronal plane with 2D ultrasound
showing genitals having the typical tulip form characteris-
tic of hypospadias. (d) and (e) Facial profile in the third
trimester and following birth. The profile appears to have
the shape of the Greek war helmet (f)

nations of pregnancy since it is a defect amenable
to prenatal diagnosis.

Trisomy of chromosome 21 has profound
effects on fetal development that can give rise to
a constellation of peculiarities in the phenotype
that has become known as DS. Children with DS
present with very characteristic and recognizable
features at birth [12—-17]. The abnormalities in
the development of the cranial-facial skeleton
serve to explain, at least in part, the specific
appearance of these subjects.

The characteristics of the phenotype are:
Head and Neck There is mild microcephaly

with brachycephaly and occipital flattening. The
neck is short. The ears are small with a highly
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Fig. 5.18 Five fetuses with Down syndrome, with ears  demonstrate a highly folded helix. Images (c—f) demonstrate
characteristic of the syndrome that are small with a highly  the characteristic small ear which is narrow with the helix
folded helix and absence of pendulous earlobes. (a) and (b)  folded in the upper portion. Image (f) is of a newborn.

Fig.5.19 Three fetuses with DS, in the third trimester. All three have an abnormal profile, with a depressed and saddle-
shaped nasal bridge and hypoplasia of the middle third of the face. In the central image, the fetus has clear retrognathia

folded helix and, usually, with absence of earlobe, like a saddle. The nose is small with the nasal
i.e., non-pendulous. Hearing may be very reduced root flattened (Fig. 5.19). The mouth is small
(Fig. 5.18). with a characteristic protruding tongue. When in

repose, the tongue is held between the teeth so as
Face Hypoplasia is present of the middle third to be away from the surrounding alveolus
of the face with a characteristic profile with the (Fig. 5.20). This apparent macroglossia is due to
front unusually flat with depressed nasal bridge, the hypoplasia of the upper maxilla. When active,
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Fig.5.20 Three fetuses with DS with macroglossia. The
tongue appears to be constantly away from the surround-
ing alveolar ridge. Although there is the impression of

macroglossia, in reality, the tongue is not large but the
buccal cavity is small due to a hypoplastic upper maxilla

Fig.5.21 Tongue thrust: sequence of the fetal profile with 2D ultrasound showing movement of the tongue

the tongue is repeatedly withdrawn in a move-
ment known as “tongue thrust” (Figs. 5.9 and
5.21). The mouth is maintained ajar at rest
(Fig. 5.22), and when closed, it appears that the
tongue is contained within the mouth (Fig. 5.23).

The Eyes The eyes are almond shaped, and if
the iris is clear, a mottled pigmentation can be
seen (Brushfield stains). The palpebral fissures
continue in an oblique direction superiorly and
laterally and have a skinfold that covers the
interanl angle (epicanthal fold).

Hands and Feet Affected infants have small,
square-shaped hands with short metacarpals and
phalangies (brachydactyly) (Fig. 5.24) and clino-
dactyly due to hypoplasia of the middle phalange

Fig.5.22 Fetus with DS. Hypoplasia of the upper maxilla
and, as such, an “apparent” macroglossia. It is common to
see these fetuses in the third trimster with the mouth ajar
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Fig. 5.23 Three DS fetsus with the mouth closed but with the impression of a large tongue due to a small buccal

cavity

Fig.5.24 DS hand. Brachydactyly: short fingers

of the fifth finger (Fig. 5.25). A single palmar
groove can be observed. In the foot, there is a gap
between the first and second toe (sandal sign)
(Fig. 5.26).

Genitals The size of the penis is somewhat
small and the testicular volume is less than that of
the children of the same age. Cryptorchidism is
relatively frequent in these individuals.

Skin and Appendages The skin is redundant
in the cervical regions, primarily in the fetal
and neonatal periods (Fig. 5.27). They present
large ligamentous hypotony and articular
hypermobility.

Although many of these are non-specific fea-
tures, they are considered as distinctive of DS
when they occur in combination. They have a
wide degree of variability and, according to some
authors, are more or less pronounced.

About 40 % of children with DS have an asso-
ciated anatomic malformation, half of which are
cardiovascular or gastrointestinal. The malforma-
tions can occur in the non-DS child, but with
lower frequency.

In the past decade, screening in the first
trimester of gestation using US and maternal
biochemistry has become a reliable method for
the screening of DS. Also, the second-trimester
sonogram is a genetic screen that assesses risk
of chromosomal abnormalities [18]. The
genetic sonograph includes a detailed study to
evaluate the presence of both large malforma-
tions and ultrasound soft markers for anue-
ploidy such as nuchal fold, shortening of long
bones, echogenic intracardiac focus (EIF),
echogenic bowel (EB), pyelectasis (PE), cho-
roid plexus cysts (CPCs), and aberrant right
subclavian artery. Although these lesser ultra-
sound markers can be present in normal fetuses,
they are encountered with higher frequency in
aneuploid fetuses, and their presence/absence
has become an important element in adjusting
the risk of syndromes or malformations in the
second half of pregnancy.

Echographic markers of DS, which we use in
the first and second trimesters, may not be valid
in the third trimester. Many are transitory and can
disappear according to how the gestation week
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Fig.5.25 Clinodactyly in DS: persistent radial deviation  finger. This sign can be very subtle and difficult to identify
of fifth finger of the hand as a result of agenesis or, more in the third trimester
frequently, hypoplasia of the second phalange of the fifth

Fig.5.27 Nuchal
edema. Nuchal
thickening >5 mm in
the second and third
trimesters in DS
assessed by 2D and 3D
ultrasound

progress, as occurs with the cardiac echogenic However, in the third trimester, the fetus
focus or the choroid plexus cysts. Others can be  with T21 has the same phenotype characteris-
delayed in their formation, as occurs in the short-  tics (Fig. 5.28) and the same neurological sta-
ening of the long bones. tus as the newborn and young children with
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Fig.5.28 Surface renderization with 3D ultrasound of the face of three fetuses with DS at 26, 27, and 36 weeks. Lower
panels: images of the newborns

this chromosome abnormality. Current ultra-
sound equipment enables us to get more
detailed information with high precision not
only in the assessment of small changes such
as the ears, but also some characteristic facial
gestures such as the movements of the mouth
and the tongue.

There are very few publications that present
data on the usefulness of echography to identify
the fetus with T21 in the third trimester [19-22].
Rotmensch et al. [20] studied 14 fetuses with 24
structural abnormalities detected in 24 and 28
weeks, as part of a more extensive study looking
at the abnormalities in DS fetuses between 9 and
28 weeks. Nyberg et al. [21] described the anom-
alies observed in 12 of 15 fetuses, also part of a
broader study for the detection of DS. The most
common abnormalities encountered in DS
fetuses in these studies were hydrops, duodenal
atresica, and cardiac defects. However, these
studies did not investigate all soft markers or
abnormal length in the long bones. Only Nyberg
et al. [21] reported the number of fetuses that, in

the third trimester, were echographically normal
(3 of 15).

Picklesimier et al. [22] suggested that the
markers of chromosome abnormalities change
over the time of the pregnancy. The soft mark-
ers (CPC, EB, short femur, short humerous,
EIF, nuchal edema, and PE) are more common
in the first and second trimesters, and the major
markers (structural abnormalities) are diag-
nosed more frequently in the third trimester.
Ranzini et al. [19] studied 17 fetuses with
T21 in whom echography had been performed
between 24 and 41 weeks. They retrospectively
studied cardiac abnormalities, lesser pheno-
typic markers, relationship of the femur with
the biparietal diameter (PBD), the abdominal
circumference (AC), and one or more long
bones below the 5th percentile. In 15 of the 17
fetuses, there had been some abnormality and
alterations of the femur/PBD ratio or femur/AC
ratio in 13. The authors concluded that an
abnormal biometry in the third trimester should
highlight suspicion of T21.
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5.5 Binder Syndrome

Binder syndrome is a rare congenital anomaly
with heterogeneous etiology including genetic
factors, alloimmune maternal diseases, defi-
ciency of vitamin K, and exposure of warfarin or
alcohol, among others.

Fetuses may exhibit the typical phenotypic
characteristics of Binder syndrome that include
nasal hypoplaisa with reduced nasofrontal angle.
Binder (1962) [24] described three cases charac-
terized by a short nose with flat bridge, a short
columella, an acute nasolabial angle, perialar
flatness, a convex upper lip, and a tendency
toward angle class III malocclusion.

5.5.1 Associated Malformations
5.5.1.1 Skin and Skeleton
Binder syndrome is associated with chondro-
dysplasia punctata in most cases and vertebral
anomalies of the cervical spine in 50% of
It has been questioned if Binder
syndrome may represent a phenotypic varia-
tion of chondrodysplasia punctata (Nino et al.
2008) [25].

Chondrodysplasia punctata-2 (CDPX2) is an
X-linked dominant disease caused by a

cases.

Fig. 5.29 Rubinstein-Taybi syndrome. The etiology of
the syndrome is an error in chromosome 16 in which a
gene at this locus does not bind well with the cAMP
response element-binding (CREB) protein. It is character-
ized by mental retardation, thus and big toes that are wid-
ened and arched, short stature, and characteristic facial
features (hypertelorism, wide nasal brige, abnormally

mutation in the gene encoding delta(8)-delta(7)
sterol isomerase emopamil-binding protein on
chromosome Xpl1. The phenotype is heteroge-
neous and may be characterized by pigmentary
lesions, striated hyperkeratosis, coarse luster-
less hair and alopecia, cataracts, and skeletal
abnormalities including short stature, rhizo-
melic shortening of the limbs, epiphyseal stip-
pling, and craniofacial defects (Derry et al.
1999) [26].

Malformations of the cervical spine can occur
in 50 % of patients, involving an abnormal poste-
rior or anterior wall of the atlas and axis, fused
vertebrae and persistence of chorda dorsalis. In
addition, separate odontoid process, spina bifida
occulta, and mild scoliosis and/or kyphosis also
have been described (Olow-Nordenram et al.
1984) [27].

Conclusion

Although prenatal dysmorphology can help
us in the diagnosis of syndromes that have a
high impact on parents, healthcare profes-
sionals, and in overall society, we must be
very cautious. Experts in neonatal dysmor-
phology often dely diagnosing a rare disease
for years despite being able to perform a
direct physical evaluation and a wide variety
of diagnostic tests (Fig. 5.29). Figure 5.30

large nasa orifices, micrognathia, palpebral ptosis, and
epicanthus). Ultrasound performed at 27 weeks of an
affected fetus did not detect any facial abnormalities
(a, b). The female infant was diagnosed with this syn-
drome at birth (¢, d). Postnatal review of the stored prena-
tal ultrasound images showed slightly enlarged thumbs (e)
and big toe (f)



5 2D/3D/4D Ultrasound of the Fetal Face in Genetic Syndromes 77

Fig.5.30 Surface rendering with 3D ultrasound of 16 fetuses between 25 and 36 weeks, four of which with DS
(2,7,10,12)

shows the faces of 12 fetuses in the third tri-
mester of gestation, 4 of whom have Down
syndrome (2, 7, 10, and 12). Although this
syndrome is familiar to most, it has subtle
features that may be difficult to detect prena-
tally using ultrasound.

Finally, we must not forget that many phe-
notypic variations such as of the limbs
(Fig. 5.31), face, and ears, when isolated, may
not have any pathologic significance and care
needs to be taken not to cause unncessary
parental anxiety.
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Fig.5.31 Overlapping
toes. The fifth toe overlaps
the fourth, as seen by 3D
ultrasound of fetus (a) and
in the newborn (b)
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Prenatal Diagnosis of Orofacial
and Neck Tumors

Gabriele Tonni, Marcella Palmisano,
Roberta Granese, and Maria Paola Bonasoni

The prenatal finding of a fetal face and neck
tumor poses a challenge because they are very
rare lesions that are difficult to evaluate due to
their frequent large dimensions, heterogeneous
features, and irregular extension into adjacent
organs. Development of a differential diagnosis
of a facial mass in the fetus is essential in guiding
the prenatal counseling of the parents and the
prenatal and/or postnatal management.
Two-dimensional (2D) ultrasound may allow
identification of these lesions as early as 15-17
weeks’ gestation. However, most reports describe
findings later in the second trimester and in the
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third trimester [1], suggesting that these tumors
may develop later in pregnancy.

Three-dimensional (3D) ultrasound must be
considered a complementary diagnostic tool
because it enables spatial evaluation of the lesion,
enhances analysis of its relationship with the
anatomic structures of the face including the eyes
and nose, and assists in communication of the
significance of the anomaly during counseling of
the parents. Magnetic resonance imaging (MRI)
also has proved to be very useful in diagnosis,
especially in the evaluation of involvement of the
central nervous system (CNS). The combination
of 2D-3D ultrasound and MRI provides unques-
tionable benefits that, together with genetic coun-
seling, allows provision of information to the
future parent-to-be and preparation of the multi-
disciplinary team for delivery [2].

6.1  Tumor of the Face

Nasal glioma is a rare, benign congenital midline
facial lesion with an estimated incidence of only
1:20,000-1:40,000 live births and with a female-
to-male ratio of 3:2 [4].

These lesions are located extranasally in 60 % of
cases and intranasally in 30 % of cases and involve
both the extra- and intranasal areas in 10% of
cases. Nasal gliomas or heterotopic central nervous
system tissue (HCNST) are considered nonneo-
plastic glial heterotopia in an extracranial site [5].
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Fig. 6.1 Glial fibers intermixed with a rich vascular
network

The most accepted embryological theory was
described by Griimwald in 1910 and is called the
“prenasal space” theory. This theory is very appeal-
ing because of the embryopathogenic continuum
proposed among dermoids, gliomas, and encepha-
loceles. The differential diagnosis of nasal gliomas
includes other masses of the “prenasal space,” such
as nasoethmoidal meningoencephaloceles, nasal
dermoids, epidermoid cysts [6], dacryocystocele,
retinoblastoma, and hemangioma [7].

Gliomas are composed of heterotopic neuro-
glial tissue with a potential for intracranial exten-
sion through a bony defect in the skull base
(Fig. 6.1). Neuroimaging 1is essential for
identifying nasal lesions and for determining its
exact location and any possible intracranial
extension [8].

Its diagnosis is rarely described prenatally; in
cases reported, the finding was usually during the
second or third trimester when ultrasound dem-
onstrated a voluminous mass extending from the
internal canthus to the nasal bridge [9-12]
(Figs. 6.2, 6.3, and 6.4).

Postnatally, CT scan is often the initial imag-
ing study obtained because it provides good visu-
alization of the bony landmarks of the skull base.
MRI has better soft tissue resolution and may be
the best initial study in patients seen early in life
because the anterior skull base consists of unossi-
fied cartilage and may falsely appear as if there is
a bony dehiscence on computed tomography [8].
T1-weighted imaging demonstrates the mass to
be isointense to gray matter with moderate

Fig. 6.2 Three-dimensional ultarsond in third trimester
with surface rendering mode showing a circular mass at
the level of the left nasal ala

:":H‘-.' i

Fig.6.3 Intraoperative finding in the same case

enhancement with contrast [10]. On T2-weighted
imaging, these lesions appear hypointense [13]
(Fig. 6.5).

Regarding management, endoscopic surgery
is considered appropriate for the removal of an
intranasal glioma without intracranial extension
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Fig. 6.4 Large nasal glioma in a postmortem specimen
demonstrating a large nasal glioma involving the right
nasal ala

Fig. 6.5 Postnatal T1-weighted MRI confirming a mass
protruding at the level of the left nasal ala: note the isoin-
tensity of the lesion compared to gray matter

glioma or nasal glial heterotopia may recur fol-
lowing incomplete surgical resection [15].

6.2 Vascular Anomalies

Vascular anomalies can be divided into two
main groups: vascular tumors and vascular
malformations.

6.2.1 Embryology and Pathology

In general, vascular tumors demonstrate endothelial
cell proliferation in contrast to vascular malforma-
tions, in which mitotic activity is typically very low
or absent. However, exceptions occur. For example,

in the involuting phase of infantile hemangioma,
cellular proliferation is extremely reduced. On the
other hand, capillary expansion may be particularly
active in arteriovenous malformations [16].

Congenital ~ nonprogressive — hemangioma
includes two clinical entities according to their
postnatal progression: rapidly involuting congeni-
tal hemangiomas (RICHs) and noninvoluting con-
genital hemangiomas (NICHs). RICHs tend to
fully regress after birth leaving a soft tissue defect
with local loss of dermal and subcutaneous tissue.
Histologically, they appear as NICHs, but with
smaller lobules. NICHs are composed of large lob-
ules of small, thin-walled vessels with curved lumina
and a large, often stellate, central vessel. Endothelial
cells may be hobnailed with eosinophilic cytoplas-
mic inclusions. Hemosiderin or extramedullary
hematopoiesis may also be observed [17].

Histogenesis of congenital hemangiomas is
controversial; few theories have been suggested.
One theory proposes that placental trophoblasts
and endothelial progenitor cells proliferate in an
environment of cytokines and estrogen. Indeed,
angiopoietin growth factors and cytokines
(VEGF, b-FGF, IGF, and matrix metalloprotein-
ase-9) increase during the progression phase of
hemangioma formation and subsequently
decrease during the involution process. Moreover,
in some familial hemangiomas, mutations have
been found in growth factor receptors (FGFR4,
PDGFRB, VEGFR2, and Flt-4) [18-21].

Vascular malformations are considered to be
the result of defective morphogenesis. They
include capillary malformations (CMs), venous
malformation (VMs), lymphatic malformations
(LMs), and arteriovenous malformations (AVMs).
CMs are the most common and usually arise along
the trigeminal nerve. Light microscopy reveals
dilation of venules and capillaries within the pap-
illary and reticular dermis, sometimes extending
to the superficial subcutis (Figs. 6.6-6.13).

6.2.2 Embryology and Pathology

VMs are soft tissue lesions that may be multifocal
or segmental and may occur on mucosal surfaces.
They are composed of variably sized, thin-walled,
dilated veins with scant mural smooth muscle.
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Fig.6.7 Two-dimensional ultrasound: note the soft tissue
mass located superiorly to the left fetal orbit

Fig. 6.6 Three-dimensional ultrasound in multiplanar
mode performed at 34 weeks of gestation: a superficial
mass involving the left side of the fetal profile is visible

(black arrow) (M mass)

Fig.6.8 Doppler ultrasound
waveform analysis demonstrating
a low velocity arterial flow (peak
systolic velocity: 11.5 cm/s)
pattern at the level of the
peripheral vascular branching
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Fig.6.9 Fetal T2-weighted MRI in coronal planes (a, b)  Axial plane (¢) demonstrating integrity of the skin overly-
confirming the presence of a heterogeneous, hyperintense  ing the lesion which extends from the left temporal region
superficial lesion extending from the left temporal region  to the left fetal orbit and abutting the most medial portion
and involving the conic portion of the ipsilateral orbit.  of the contralateral orbit
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Fig.6.10 Infant with capillary malformation

Fig.6.11 Intraoperative finding at the time of excision of
capillary malformation

Due to the slow velocity of blood flow within
them, thrombosis is frequent with consequent
organization and recanalization, inducing endo-
thelial hyperplasia known as Masson vegetant
intravascular hemangioendothelioma.

Venous maldevelopment seems to be caused
by abnormalities in the TIE-2 receptor. Mutations
in the TIE-2/TEK gene on chromosome 9p21-22
lead to increased autophosphorylation of the
receptor, resulting in alterations in endothelial
migration and vascular growth. Activating muta-
tions of TIE-2/TEK have been identified in some
forms of hereditary VMs.

LMs may be macrocystic or microcystic.
Macrocystic variants include large intercon-
nected lymphatic vessels lined by endothelium
containing proteinaceous fluid, some lympho-
cytes, macrophages, and erythrocytes. Some
vessels may have valves and an incomplete

Fig.6.12 Lobular capillary hemangioma is composed of
small vascular channels separated in lobules by fibrous
connective tissue (hematoxylin and eosin, 4 HPF).
(Courtesy of Prof. N. Sebire)

Fig.6.13 The capillaries are lined by plump endothelial
cells supported by pericytic elements (hematoxylin and
eosin, 20 HPF). (Courtesy of Prof. N. Sebire)

smooth muscular wall. Mural lymphoid aggre-
gates are frequently observed [1]. Cystic hygro-
mas, typically located in the neck and axillae,
show marked dilatation of the lymphatic spaces.

Microcystic LMs are made of smaller lym-
phatic vessels that may infiltrate and expand into
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adjacent tissues. In superficial lesions, they can
form lymph-filled vesicles due to protrusion and
expansion of dermal papillae.

AVMs lack a normal capillary bed between
arteries and veins. Histologically, they appear as
a conglomerate of arterioles, venules, and capil-
laries that are haphazardly connected within a
densely fibrous or fibromyxomatous dermis.
Larger caliber arteries and thick-walled veins are
also present. Veins are often characterized by
adventitial fibrosis and irregular intimal hyper-
plasia [22].

6.3  Tumors of the Oral Cavity
and Oropharynx Teratomas
6.3.1 Classification

Teratomas of the oral cavity can be classified
according to the site of origin as episphenoid,
epipalatine or epignathus.

6.3.2 Embryology and Pathology

Histologically, these tumors can be divided into
(1) dermoids or hairy polyps, composed of meso-
dermal and ectodermal elements; (2) teratoids
and teratomas, which include all three germ
layer components with scarce or intermediate
differentiation; and (3) epignathus, which also
comprises fetiform structures. The term ferus
in fetu should be reserved to tumors in which it
is possible to recognize axial differentiation of
limbs and organs [23]. This may be the result
of an arrested development of a conjoined twin
from the third week of gestation. However, epig-
nathus is commonly thought to arise from plu-
ripotent cells in the region of Rathke’s pouch, in
particular the craniopharyngeal canal, within the
sphenoid bone where during early gestation, the
oropharyngeal membrane, Rathke’s pouch, and
the notochord are closely related [24].
Regarding the formation of congenital masses
(either teratomas or hamartomas), the coexis-
tence of collapse and expansion of the cephalic
midline is observed in cases of cephalic teratomas

(CTS) and holoprosencephaly diencephalic ham-
artoma association [25]. Therefore, midline CTS
and hamartomas may be interpreted as clonal
expansion of cells that escape differentiation due
to the collapse (holoprosencephaly) or splitting
at the midline (craniofacial duplication) of the
normal process of lateralization starting during
gastrulation at the cephalic pole. Nasopharyngeal
teratoma predominantly develops during split-
ting phase of gastrulation, while diencephalic
hamartoma results from with defective cleavage
of the prosencephalon [26].

Dermoid or hairy polyps are polypoidal
masses covered by the skin and composed of
mature elements derived from ectoderm (skin
and neural tissue) and mesoderm (adipose tissue,
muscle, and cartilage) [27] (Figs. 6.14 and 6.15).

Teratoids include the three germ layers with
poor differentiation and organization [28].
However, teratoid cysts of the floor of the mouth
are complex structures with an outer layer con-
taining epithelial and non-epithelial compo-
nents such as bone, muscle, blood vessels,
collagen fibers, and respiratory and gastrointes-
tinal tissue [29].

Teratomas are composed of a variable admix-
ture of skin, skin appendages, smooth muscle,
cartilage, and respiratory and gastrointestinal
epithelium. Neural tissue may be present and is

Fig.6.14 Hairy polyp is a congenital malformation aris-
ing from the oropharynx or nasopharynx. The lesion is
polypoid and layered by epidermis (blue star), hair folli-
cles, and sebaceous glands (blue arrow). Cartilage may be
found within the polyp core (hematoxylin and eosin, 2
HPF). (Courtesy of Prof. N. Sebire)
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Fig.6.15 Grossly, the teratoma is encapsulated and lob-
ulated. Histologically, the tumor is composed of mature or
immature tissues from the three embryonic germ cell lay-
ers: ectoderm, endoderm, and mesoderm (hematoxylin
and eosin, 2 HPF). (Courtesy of Prof. N. Sebire)

usually immature (“immature teratoma’) includ-
ing neuroblasts, ependymal rosettes, and retinal
anlage [30]. Teratomas are usually benign
(Fig. 6.16).

Epignathus is a congenital oropharyngeal ter-
atoma originating from the base of the skull and
usually involves the posterior nasopharynx, hard
palate, or sphenoid bone.

The incidence for epignathus is estimated to
be between 1:35,000 and 1:200,000 live births
[31]. Females are more likely to be affected than
males with a female-to-male ratio of 3:1 [32].

6.3.3 Embryology and Pathology

Epignathus has various etiologies, including
chromosomal abnormalities (such as trisomy 13
[33]), ring X-chromosome mosaicism with
inactive ring X-chromosome [34, 35], gono-
somal pentasomy 49, XXXXY karyotype [36],
gene mutations (e.g., HLXB9) [37], or abnor-
malities in early embryonic development [38].
Epignathus may be a part of genetic syndromes,
such as Aicardi syndrome (agenesis of the cor-
pus callosum, infantile spasm, and ocular anom-
alies) [39] and Pierre Robin syndrome [40].
Although usually benign, 10 cases of malignant
teratoma have been reported in the medical lit-
erature [41-45].

Fig.6.16 In the teratoma tumors, the most common find-
ing is neural and glial tissue, usually organized in islands
(blue star), and rosette-like formations of immature epen-
dymal epithelium (blue arrow). Sometimes, it is possible
to observe retinal anlage epithelium (green arrow) (hema-
toxylin and eosin, 10 HPF). (Courtesy of Prof. N. Sebire)

6.3.4 Diagnosis

Two-dimensional (2D) ultrasound has accurately
identified these lesions, even at the early gesta-
tional ages of 15-17 weeks [46, 47]. However,
the vast majority of tumors are usually detected
in the late second and third trimesters [1], which
suggests that the tumor can develop later in preg-
nancy [31, 48-55].

The ultrasonographic findings of epignathus
is characterized by the presence of a solid or
mixed cystic/solid mass and calcifications within
the mass, which are virtually pathognomonic of
teratoma. Color Doppler ultrasound of the solid
portions shows extensive vascularization [56]
(Fig. 6.17).

The neck is often hyperextended and polyhy-
dramnios is usually associated. The importance
of applying three-dimensional ultrasonography
with rendering mode to demonstrate the spatial
relationships of the tumor with the oral cavity
and to provide correlations between the ultra-
sound images and the postnatal anatomic find-
ings has been recently stressed [57].

Magnetic resonance (MR) imaging can be
particularly useful in identifying bidirectional
lesions with intracranial extension; these masses
are invariably associated with a poor prognosis
[58, 59] (Figs. 6.18-6.20).
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Fig. 6.17 Two-dimensional ultrasound performed at
24w2d showing, in sagittal plane, a heterogeneous mass
protruding from the fetal mouth. Polyhydramnios was an

Fig.6.18 Three-dimensional ultrasound in a second tri-
mester fetus with epignathus using HDLive™ mode.
(Courtesy of Prof. W. Sepulveda)

MR imaging also delineates the level and
extent of airway obstruction and can quantify
fetal lung volumes. MR imaging can be used
with either single-shot spin echo (SSSE) or half-

11.7cmf13/63Hz  Tis 0.1 o7 S3L10PM

associated finding (a). Three-dimensional ultrasound with
surface rendering confirming the presence of an oral mass
(b). (Courtesy of Prof. W. Sepulveda)

Fig.6.19 T2-weighted fetal MRI. In the sagittal plane, a
bulky mass is seen that is in direct communication with
the oral cavity but the upper airway remains unobstructed
(Courtesy of Prof. W. Sepulveda)

Fourier single-shot turbo spin echo (HASTE)
techniques. The latter technology enables rapid
imaging in steady-state procession (FISP) to be
performed in approximately 20 s and provides
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superior contrast resolution compared to the
T2-weighted HASTE technique [30]. MR imag-
ing is critical to accurate diagnosis, especially in
confirming whether the CNS is involved, and
for optimal delivery planning for fetuses in
which an EXIT (ex utero intrapartum treatment)
procedure may be indicated [60].

Very recently, Heron et al. have demonstrated
the utility of integrating 3D ultrasound with MRI

Fig. 6.20 Postmortem finding in a case of epignathus.
Note the associated hypertelorism (Courtesy of Prof.
W. Sepulveda)

volume data to reconstruct a physical model of
the lesion and to evaluate for the possibility of
fetal upper airway obstruction. To construct the
physical model from 3D ultrasound and MRI, the
first step is to create a virtual 3D model. All the
images obtained through 3D ultrasound and MRI
are exported to a workstation in DICOM format.
The 3D structure of the fetus is reconstructed by
generating its surface using software with the
capacity to convert the images obtained into
numerical models. These reconstructed images
are then exported using STL (standard triangular
language) and converted to the file extension 3D
polygonal modeling software. The 3D model is
converted back to the “STL” extension and
exported to the Mimics software, which corre-
lates the shapes and outlines observed from 3D
ultrasound. Finally, to determine the physical
model of the fetus, ultraviolet spot laser beams
are guided through a reservoir of photosensitive
resin to model the fetal shape based on the data
stored in the 3D geometry software, sliced into
transverse planes of predefined thickness of 0.1—
0.2 mm [61] (Fig. 6.21).

Fig. 6.21 Giant latero-cervical teratoma. (a) 3D ultra-
sound demonstrates the mass (arrows) extending from the
neck region (b) Fetal T2-weighted MRI confirmed hetero-
geneous hyperintense as well as hypointense signals
within the mass (c—g) Physical models obtained from fetal

MRI volumes with reconstruction of the airway and lar-
ynx, including demonstration of the anatomic relationship
between the teratoma and the airway (h) EXIT procedure
following delivery by Cesarean section (Courtesy of
Dr. W. Heron)
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6.3.5 Associated Anomalies

Epignathus should be differentiated from cervi-
cal teratoma, cystic hygroma, congenital goiter,
branchial cyst, parotid tumor, carcinoma of the
thyroid [43], and other rare tumors involving the
soft tissue such as hemangioma, fibromatosis,
fibrosarcoma, rhabdomyosarcoma [62], cervical
neuroblastoma, anterior encephalomyelocele
[63, 64], and cavernous lymphangioma of the
face and neck, which is a rare variant of cystic
hygroma colli characterized by the involvement
of deep subcutaneous tissues and muscular
septa [65].

Epignathus is often associated with a mark-
edly elevated a-fetoprotein level on second tri-
mester aneuploidy screening [32]. In addition,
epignathus is frequently associated with polyhy-
dramnios (in approximately 30% of cases) due
to obstruction of the fetal mouth and impaired
fetal swallowing of amniotic fluid [48, 60] that
may cause severe respiratory compromise at
delivery.

6.3.6 Prognosis

Although usually benign, 10 cases of malignant
teratoma have been reported in the medical litera-
ture [31, 45—48]. Prognosis depends on size and
location of the tumor, rate of growth, associated
polyhydramnios, and degree of intracranial
spread [66].

Poor prognostic indicators on prenatal sonog-
raphy include tumors of large size (>5 cm),
polyhydramnios, and hydrops fetalis [39, 64,
67, 68].

In cases of giant epignathus and/or cervical
teratoma, obstruction of circulation may also lead
to high-output cardiac failure, with subsequent
development of polyhydramnios and nonimmune
hydrops fetalis, a finding that is strongly associ-
ated with intrauterine fetal demise [30]. In such
cases, the perinatal mortality rate approaches
100 % if immediate critical neonatal intervention
and prompt resection of the tumor is not per-
formed [69].

6.3.7 Recurrence Risk

Congenital epignathus is not known to be associ-
ated with an increased risk of recurrence in sub-
sequent pregnancies.

6.4  Tumors of the Tongue

and Gingiva

These tumors include congenital epulis, congeni-
tal lingual dermoid cyst, oral foregut cyst, con-
genital ranula, teratoid cyst of the tongue, and
teratoma of the tongue.

Epulis is a Greek term that means “swelling
on the gingiva.” It is a rare benign tumor that usu-
ally arises from the mucosa of the anterior part of
the maxillary alveolar ridge, but may be located
in the mandible, maxilla, or tongue. It may be a
single mass or occur as multiple lesions [70, 71].

Epulis has an estimated incidence of 1:7000
newborns with a significant female preponder-
ance; it occurs 8—10 times more frequently in
females (compared to males) [70, 71]. This dis-
cordance may be suggestive of a hormonal com-
ponent to its development.

6.4.1 Embryology and Pathology
The etiology of congenital epulis remains uncer-
tain. The tumor is also postulated to originate
from undifferentiated mesenchymal cells, fibro-
blasts, myofibroblasts, histiocytes, pericytes,
Schwann cells, or odontogenic epithelial cells.
Several immunohistochemical studies also sup-
port a mesenchymal origin [72, 73].
Histologically, epulis is a well-defined lesion
composed of polygonal cells with a granular,
eosinophilic cytoplasm. Cells are of medium to
large size, and nuclei are eccentric with small
nucleoli. Atypical nuclei may be seen, but the
overall appearance is bland. The lesion is cov-
ered by a thin stratified squamous epithelium
with a variable degree of keratinization and
absence of rete ridges. Epulis variants have
been described such as increased fibrosis and
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spindle cell features. Staghorn-like vascular
channels, occasional nests or cords of odonto-
genic epithelium, and lymphohistiocytic infil-
tration have also been reported. Epulis
immunoreactivity is for vimentin and neuron-
specific enolase (NSE).

Histogenesis of this entity is controversial and
mainly unknown. Many hypotheses have been
considered, including a form of odontogenic dys-
genesis, which is maldevelopment of the tooth
germ. However, the presence of occasional
ameloblast-like cells among the granular cells is
not sufficient evidence because epithelial residues
can be found in all gingival tissues. Other theories
consider possible odontogenic, fibroblastic, his-
tiocytic, myogenic, and neurogenic origins.
Among the numerous hypotheses, the most widely
recognized is a degenerative process of undiffer-
entiated mesenchymal cells [74-76] (Figs. 6.22).

Ultrastructural studies of epulis demon-
strate the presence of many autophagosomes
containing collagen precursors, suggesting the
tumor cells represent early mesodermal cells
that express pericytic and myofibroblastic
features that undergo cytoplasmic autophago-
cytosis [77].

Congenital epulis is usually seen at birth and
has a predilection for the maxillary alveolar pro-
cess, lateral to the midline in the region of the

primary canine and lateral incisor. Less fre-
quently, it has been reported to occur on the man-
dibular alveolus and tongue, and in one case with
the involvement of the alveolar ridge as well as
the tongue [78]. Typically, a single tumor is pres-
ent (90 %), ranging in size from several millime-
ters to several centimeters [79].

6.4.2 Diagnosis

Since its first description in 1871 in Germany as
“congenital epulis” by Neumann [78], over 200
cases of this rare lesion have been reported [70].

Congenital epulis appears on ultrasound as a
well-defined, round, hypoechoic mass protruding
from the mouth and with a branching pattern of
feeder vessels [79-81] (Fig. 6.23). MRI features
of epulis are characterized by a hypointense
T2-weighted signal (Fig. 6.24).

Accelerated growth during the third trimester
has been reported in some cases; thus, periodic
ultrasonographic evaluation is recommended.
Repeat exams should focus on changes in the size
of the mass and attempt to evaluate fetal breath-
ing and swallowing, including monitoring for
increased amniotic fluid volume or absence of a
full stomach that would suggest impairment of
fetal swallowing [82—84].

Fig. 6.22 (a) The congenital epulis is usually a
submucosal lesion with overlying intact epithelium (blue
star). Cells grow in a typical sheet-like pattern surrounded
by fibrovascular septa (hematoxylin and eosin, 4 HPF)

(b) The epulis is composed of large, granular cells with
abundant eosinophilic cytoplasm. The nuclei are round
and basophilic (hematoxylin and eosin, 40 HPF).
(Courtesy of Prof. N. Sebire)
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Fig. 6.23 Prenatal imaging of a fetus at 31 weeks 1 day
with epulus. (a) Two-dimensional ultrasound demon-
strated persistent opening of the mouth due to a protruding

cystic mass (arrow). n, nose, ¢, chin. (b) Three-dimensional
surface-rendered ultrasound clearly depicting the protrud-
ing mass (Courtesy of Prof. W. Sepulveda)

Fig. 6.24 Fetal MRI with hypointense T2-weighted signal in a fetus at 35 weeks of gestation with epulis (yellow
arrow) in sagittal, axial, and coronal plane, respectively. (Courtesy of Dr. A. Rossi)

6.4.3 Associated Anomalies

There are usually no associated dental abnormalities
or congenital malformations, except for occasional
reports of a hypoplastic or absent tooth and the pos-
sibility of mild midface hypoplasia [70]. Congenital
epulis has been reported in infants with polydactyly,
goiter, triple X syndrome, maxillary hypoplasia,
neurofibromatosis, and polyhydramnios [85].

6.4.4 Prognosis

The overall prognosis for congenital epulis is
excellent. After birth, the tumor appears to stop
growing and may diminish in size [82]. There are
no reported cases of malignant degeneration or
posttreatment recurrence, even following incom-
plete removal, and the cosmetic outcome is excel-
lent [86].
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6.4.5 Management

Arising from the mucosa of the gingiva and pro-
truding out of the infant’s mouth, a very large
epulus can potentially obstruct the airway so
early surgical resection is recommended. An
EXIT procedure is the ideal delivery strategy for
fetuses with a prenatally diagnosed epulis that is
sufficiently large to pose concern for potential
airway obstruction at birth. Laje et al. [87] per-
formed a retrospective review on four newborns
delivered by an EXIT procedure, two of whom
were prenatally diagnosed with congenital epulis
and two with epignathus. The study analyzed
multiple parameters including maternal time
under anesthesia, maternal operative time, mater-
nal blood loss, maternal hospital stay, and
hysterotomy-to-cord clamp time. The airway was
successfully accessed via direct laryngoscopy
before the umbilical cord was clamped. Some
authors indicate that 60 min is the limit for pla-
cental support while performing the EXIT proce-
dure [88].

6.4.6 Recurrence Risk

Congenital epulis is not known to be associated
with an increased risk of recurrence in subse-
quent pregnancies.

Congenital lingual dermoid cysts are squa-
mous epithelial-lined cavities with variable num-
bers of skin appendages in the capsule and are
rare entities in the head and neck. Lingual der-
moid cysts are most commonly present in early
childhood or adolescence and are located in the
anterior two-thirds of the tongue. Treatment of
these lesions consists of complete surgical exci-
sion; however, midline sagittal glossotomy inci-
sion using the CO, laser has been proposed as it
offers surgical precision, superior hemostasis
and wound healing, and minimal postoperative
edema [89].

Oral foregut cyst is a rare congenital choris-
toma lined by respiratory and/or gastrointestinal
epithelium that should also be considered in the
differential diagnosis of an oral tumor. The exact
etiology has not been fully identified, but it is

thought to arise from misplaced primitive fore-
gut. This lesion initially develops without symp-
toms but may then lead to difficulty with
swallowing and speech depending on its size.
Thus, the first choice of treatment is surgical
excision. Surgeons should include the oral fore-
gut cyst in the differential diagnosis for ranula,
dermoid cyst, thyroglossal duct cyst, and lymph-
angioma in cases of pediatric head and neck
lesions [90]. MR imaging demonstrates a low
attenuated T1-weighted signal in the ventral
tongue and a high attenuated T2-weighted
signal, consistent with a fluid accumulation
lesion [91].

Ranulas are mucoid retention cysts, or muco-
celes, arising from the sublingual gland or its
ductal system secondary to obstruction. A ranula
may rarely extend inferomedially into the infe-
rior portion of the tongue resulting in a cystic
tongue lesion [92]. Ranulas are extremely rare
tumors without a known incidence.

6.4.7 Embryology and Pathology

Ranulas may remain in the floor of the mouth or
extend below the mylohyoid sling (“plunging” or
“diving” ranula). Cervical ranulas are those that
have paracervical extension and plunging ranulas
are those that extend toward the superior airway.
Another possibility is that a lingual ranula may
arise from obstruction of a minor salivary gland
or embryologically ectopic salivary tissue
[93-95].

6.4.8 Diagnosis

Garcia et al. [96] reported that a lingual ranula
appears on ultrasound as a cystic mass that may
contain internal septations or echos.

6.4.9 Associated Anomalies

Congenital anomalies that may cause a focal

tongue mass include a high thyroglossal duct
cyst, lingual thyroid, and foregut duplication cyst
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(i.e., an enterocystoma from embryologically
entrapped endodermal cells). Other even more
unusual etiologies are fibrosarcoma, rhabdomyo-
sarcoma, and synovial sarcomas [96].

6.4.10 Prognosis

Although congenital ranulas have a favorable
prognosis, massive sublingual ranulas with a
contralateral lesion and macroglossia causing
serious neonatal airway obstruction has been
observed [97].

6.4.11 Recurrence Risk

Congenital ranulas are not known to be associ-
ated with an increased risk of recurrence in sub-
sequent pregnancies.

Teratoid cyst of the tongue may also rarely be
observed. This lesion is associated with bron-
chogenic epithelium characterized by multiple
cystic cavities lined by a keratinized squamous
epithelium with skin appendages and fatty tis-
sue intermixed with cylindrical, ciliated epithe-
lial cells of respiratory type. Surgical removal
via sagittal glossotomy is the treatment of
choice [88].

6.4.12 Recurrence Risk

Teratoid cyst of the tongue is not known to be
associated with an increased risk of recurrence in
subsequent pregnancies.

6.5 Teratoma of the Tongue
Teratomas are one of the most common tumors in
infants, especially in the sacrococcygeal region,
gonads, retroperitoneum, and mediastinum.
However, they account for only 6% of tumors
involving the head and neck region [98].

Congenital lingual teratomas are rare with
fewer than 20 cases reported in the literature
[90, 99-110].

6.5.1 Embryology and Pathology
Histologically, this lesion is benign with a good prog-
nosis without risk of malignancy or recurrence.

6.5.2 Diagnosis

The precise diagnosis and appropriate manage-
ment of teratoma of the tongue can be achieved
by ultrasonography and MRI. Ultrasound dem-
onstrates a multilobular free-floating mass aris-
ing from the mouth but mainly growing outside
it, with lips intact. It may move slowly and inde-
pendently if there is a stalk between the mass and
the base of the tongue. MRI can confirm the pres-
ence of a vascular stalk and the patent airway.
The differential diagnosis of congenital oral
tumors of the mouth includes congenital epulis,
teratomas, encephalocele, lymphatic malforma-
tion, hemangiomas, and neuroectodermal tumors
[102].

Rarely, a congenital lingual or salivary gland
choristoma (teratoid cysts containing respiratory
and gastrointestinal epithelium) can occur. This
lesion may be associated with bifid tongue and
cleft palate; only nine cases of congenital lingual
mass, bifid tongue, and cleft palate have ever
been reported. Histologically, the most common
type was hamartoma (40 %), but the differential
diagnosis includes hamartoma, teratoma, and
salivary choristoma [101, 103].

6.5.3 Management

Teratomas of the tongue may be occasionally
associated with feeding and respiratory difficul-
ties. Surgical excision is the management of
choice. EXIT is not typically necessary except in
cases of extremely massive lesions [104].

6.6  Tumors of the Neck

These masses include branchial cleft cyst, carci-
noma of the thyroid, cystic hygroma, congenital
goiter, and parathyroid tumor.
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6.6.1 Embryology and Pathology

The branchial apparatus appears from the 4th to
7th week of gestation and completes its develop-
ment by the 20th week of gestation. A branchial
cleft cyst (BBC) is understood to be the result of
incomplete involution of the branchial apparatus
[105]. Histology shows BBC to be lined by squa-
mous epithelium with abundant subepithelial lym-
phoid tissue [106].

6.6.2 Diagnosis

Sixty-four percent of BBCs are anterior to the
sternocleidomastoid muscle in the upper third of
the neck. It appears on 2D ultrasound as an ante-
rior cystic mass. 3D ultrasound in surface render-
ing mode shows a well-defined cyst with smooth
surface of uniform echogenicity with a thin wall
without internal septa [107].

The absence of any solid elements or septa-
tions is a useful distinction when differentiating
BBCs from teratomas [105].

MR imaging demonstrates a thin-walled cyst
with an air—fluid level and can reveal, better
than ultrasound, any displacement of the
trachea.

6.6.3 Management

Because BBC is associated with a high risk of
infection and can potentially cause high-airway
obstruction, surgical excision is recommended.
After surgical treatment, there is a good prognosis
[108].

Congenital goiter can result from either hypo-
or hyperthyroidism.

6.6.4 Genetics

Mutation at the level of the dual-oxidase matura-
tion factor 2 (DUOXA?2), a component of the thy-
roid hydrogen peroxidase generator, has been
shown proved to cause congenital hypothyroid-
ism with goiter.

6.6.5 Diagnosis

Prenatal diagnosis of fetal goiter can be made
by ultrasound by visualization of an enlarged
thyroid causing increased thyroid diameter and
volume, irregular profile of the anterior aspect
of the neck, hyperextension of the neck, and
polyhydramnios. Nomograms for fetal thyroid
size have been published [109].

Sonographically, the goiter usually appears as
a bilobed, solid and hypoechoic mass in the ante-
rior aspect of the fetal neck although cystic com-
ponents may be seen (Fig. 6.25).

On Tl-weighted MR imaging, an anterior,
heterogeneous high-signal intensity mass is seen.
Congenital hypothyroidism can be confirmed by
fetal blood sampling [110, 111]. As demonstrated
in cases of giant latero-cervical teratoma, fetal
MRI and physical model can evaluate possible
airway obstruction [61] (Figs. 6.26, 6.27, and
6.28).

6.6.6 Management

Treatment of congenital goiter has been reported
using weekly intra-amniotic injections of L-
thyroxin, ranging from 200 to 400 pgm of L-
thyroxin [112, 113].

6.7 Hemangioma

and Lymphangioma

Hemangioma is a rare a benign vascular tumor of
the fetus, where as lymphangioma refers to a con-
genital malformation of the lymphatic vessels.
The notion of congenital hemangioma was intro-
duced in 1996 by Boon et al. [114] as a
hemangioma-like lesion that has developed to or
past its proliferative peak at birth.

6.7.1 Embryology and Pathology

Hemangiomas may be of capillary, cavernous, or
mixed morphologic types. Capillary hemangio-
mas, defined as strawberry marks, are composed
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Fig. 6.25 Two-dimensional ultrasound in a fetus at 25  Three-dimensional ultrasound in surface mode: a goiter is
weeks and 2 days demonstrating a partly solid and partly  clearly rendered (b) (Courtesy of Dr. W. Heron)
fluid mass occupying the mid-portion of the fetal neck (a).

Fig. 6.26 Fetal MRI in coronal and sagittal planes dis- hypointense components consistent with congenital goi-
playing a mass located in the midportion of the fetal neck  ter. The 3D virtual physical model of the goiter is created
with heterogeneous lesion with both hyperintense and  from the MRI volume data (Courtesy of Dr. W. Heron)
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Fig.6.27 Fetal MRI with 3D volume rendering (a) and physical model with rendering (b) demonstrating the spatial
relationship between the congenital goiter and the fetal airway structure (Courtesy of Dr. W. Heron)

Fig.6.28 3D details showing the anatomical spatial rela-
tionship between the tumoral mass (congenital goiter) and
fetal airway structure reconstructed from fetal MRI vol-
ume data (Courtesy of Dr. W. Heron)

of small-diameter vessels lined by endothelial
cells and surrounded by a single discontinuous
layer of pericytes. Differentiation to smooth mus-
cle is not observed. Cavernous hemangiomas
have well-differentiated smooth muscle cells sur-
rounding the large-diameter endothelium-lined
spaces [115]. They are the only types detectable
prenatally and affect 2 % of infants. They demon-
strate a relatively slow growth rate and regression
is rare and incomplete [116]. They are localized
in the lower dermis or subcutaneous tissue and
are composed of endothelium-lined spaces and a
fibrous or fibromucinous stroma. The pathologi-
cal classification is based on the nature of the
stroma cellularity and the prominence of endo-
thelial components [117].

Three quarters of all hemangiomas are pres-
ent at birth, with 60 % of them occurring in the
head and neck region. The incidence is higher in
premature births (20%), female infants,
Caucasian race, advanced maternal age, multiple
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gestations, and fetuses with a history of chori-
onic villus sampling [118].

The mechanisms by which chorionic villus
sampling is associated with the occurrence of
infantile hemangiomas are believed to be based on
the effects on the placenta itself. Quintero et al.
[18] showed the dramatic occurrence of numerous
ecchymoses on the head and neck after blunt
trauma to the placenta. North et al. [119] suggested
that infantile hemangiomas are of placental origin.

Immunochemical studies have shown simi-
larity between the vasculature of infantile hem-
angiomas and the placenta by identifying several
tissue-specific markers that are coexpressed by
blood vessels in the placenta and in infantile
hemangiomas. The researchers postulated that
the placenta makes substances, such as Flt-1 (a
transmembrane receptor for vascular endothe-
lial growth factor and placental growth factor),
which antagonizes angiogenesis. After birth,
these placental substances are removed, and the
precursor lesions of infantile hemangiomas pro-
liferate within weeks. Presumably, these precur-
sor lesions in the infant’s skin have embolized
from the infant’s placenta. It is possible that a
single endothelial cell undergoes monoclonal
expansion to become infantile hemangiomas
[20].

6.7.2 Diagnosis

The earliest reported diagnosis of hemangioma in
the literature is at 14 weeks of gestation [120].

The largest series of prenatal diagnosis of
hemangiomas was published by Yang et al. who
reported their experience with 23 cases. The
sonographic appearance of congenital hemangio-
mas varies. Masses that are cystic, solid, or
mixed, including areas with echogenicity similar
to that of the placenta, have been described.
Rarely, they may also have internal hyperecho-
genic areas representing calcification [120-122].
The formation of hypoechoic and cystic spaces
has been attributed to cavernous lakes and degen-
eration [123].

Lymphangioma appears as a cystic structure that
is often multilocular. Prenatal diagnosis is greatly

facilitated by the use of color and/or power Doppler
imaging. The presence of flow depends on the vas-
cular type, amount of arteriovenous shunting, and
proliferation of endothelial cells [124]. Features
suggestive of hemangiomas are sonographically
visible vessels with high vessel density and high
peak systolic velocity [118, 124] (Fig. 6.29).

Recently, this lesion has been classified into
rapidly involuting congenital hemangioma
(RICH) and noninvoluting congenital hemangi-
oma (NICH). A RICH, which is more frequent,
spontaneously and completely resolves before
the age of 14 months of postnatal life. A NICH, in
contrast, grows proportionally with the child;
there is no regression of the lesion and excision is
eventually required [125].

Few reports are available concerning the clinical
prognosis and imaging features of these entities.

NICH and RICH have overlapping clinical
features [126]: they have an almost equal sex dis-
tribution and a violet color, are usually solitary,
and have a similar average diameter and a predi-
lection for the same cutaneous locations (head or
limbs near a joint). Pathologically, both RICH
and NICH are lobular tumors, the lobules
typically smaller in RICH [17]. RICH and NICH
are more likely to be heterogeneous on sonogra-
phy and are much more likely to contain identifi-
able calcifications. On MRI, these lesions are
hyperintense on T2-weighted images and isoin-
tense on T1; prior to involution, they enhance
avidly and homogeneously [127]. Arteriography
may show large tumor vessels containing aneu-
rysms, with arteriovenous shunting [128].

In cavernous hemangiomas, the increased T2
signal is a reflection of the increased fluid volume
resulting from slowly flowing blood in vascular
spaces [129]. In contrast, a fetal capillary heman-
gioma has diffuse T2 hypointensity likely
because of its compact vascular spaces and low
free water content [130] (Fig. 6.30).

6.7.3 Associated Anomalies

Hemangiomas can be associated with cardiac
anomalies, central nervous system malforma-
tions [122, 131-133], platelet trapping with
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Fig. 6.29 (a) Two-dimensional ultrasound in coronal
plane and (b) in sagittal plane of a third-trimester fetus
with a hemangioma. A soft tissue lesion on the right side
of the temporal region involving almost the entire ipsilat-

i

eral orbital region is present. (¢) Doppler ultrasound
shows a low-velocity arterial flow pattern. (d) Photograph
of the lesion at birth of the infant (Courtesy of Dr. M.
Lituania)

Fig.6.30 Sagittal (a) and axial (b) planes of fetal MRI showing a fetus with lymphangioma diagnosed at 32 weeks of
gestation. (¢) Capillary hemangioma detected in a fetus at 29 weeks of gestation (Courtesy of Dr. A. Rossi)

severe consumption coagulopathy, microangio-
pathic hemolytic anemia, thrombocytopenia
Kasabach-Merritt syndrome [116], and profound
hypotension leading to brain death. A hemangi-
oma or lymphangioma may be mistaken for an
encephalocele, particularly if the lesion involves
the occipital region.

6.7.4 Prognosis

Most of these lesions have no clinical signifi-
cance and resolve spontaneously during infancy.
The prognosis is affected by the size and location
of the lesion, as well as by the presence of associ-
ated anomalies.
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If the hemangioma is around the neck, it can
cause polyhydramnios and dystocia, airway
obstruction, or swallowing difficulties after birth.
Large hemangiomas can be associated with
hydrops or congestive heart failure, but these
hemodynamic complications are poorly linked to
RICH [134].

6.7.5 Management

Congenital hemangiomas with characteristic fea-
tures on ultrasound, CT, and MRI are typically
expectantly managed because spontaneous
RICHs involute. Complications associated with
RICH tumors include intralesional bleeding,
high-output cardiac failure, and localized intra-
vascular coagulation [135]. These complications
may necessitate more aggressive treatment. If the
lesion does not involute, consistent with NICH,
excision is required.

6.7.6 Recurrence Risk

Hemangiomas and lymphangiomas are not
known to be associated with an increased risk
of recurrence in subsequent pregnancies [136].
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Micrognathia

Edward Araujo Junior,

Eduardo Felix Martins Santana, Gabriele Tonni,
Amy E. Wong, and Waldo Sepulveda

7.1 Introduction

Micrognathia is a malformation characterized by
congenital hypoplasia of the mandible [1]. In
severe cases, the mandible can be absent
(agnathia), which is associated with abnormal
positioning of the lower ears ventromedially
toward the front of the neck (melotia or synotia),
hypo- or aglossia, and microstomia. The inci-
dence of moderate to severe micrognathia is 1 per
1000 live births [1]. In these cases, this condition
can occlude the fetal airway and complicates the
establishment of the newborn’s airway after birth.
Severe micrognathia that is not previously diag-
nosed or treated prior to birth can lead to death
shortly after birth (Fig. 7.1) [2].
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After the sixth gestational week, mandibular
development begins with fusion of ectoderm of
the branchial arches and neural crest cells from
the dorsal neural tube [3]. This complex process
is influenced by both environmental and genetic
factors. Micrognathia is the result of hypoplasia
of the neural crest cell population and can occur
in isolation as in primary mandibular disorders
or, more frquently, associated with other condi-
tions such as chromosomal aberrations (particu-
larly triploidy, trisomy 18, and trisomy 9)
(Fig. 7.2), genetic syndromes, and other struc-
tural anomalies (Fig. 7.3) [4, 5].

Using the technology available in the current
era of prenatal diagnosis, three-dimensional (3D)
and four-dimensional (4D) ultrasound can visual-
ize the mandible as early as 10 weeks of gestation
and permit its detailed evaluation using indices,
ratios, and facial angles, as well as mandibular
growth charts [6, 7]. However, the diagnosis of a
mandibular abnormality and its relationship with
multiple malformations when present in complex
syndromes remains challenging.

Although ultrasound is the established stan-
dard for fetal bone visualization, magnetic reso-
nance imaging (MRI) may be a useful adjunct
after 18 weeks of gestation by potentially provid-
ing additional details of the mandibular anatomy
as well as of other abnormalities that may be
present [8]. Despite these tools, assessing the
severity of micrognathia is still a challenge for
perinatologists. Nevertheless, prenatal evaluation

105

G. Tonni, W. Sepulveda, and A.E. Wong (eds.), Prenatal Diagnosis of Orofacial Malformations,

DOI 10.1007/978-3-319-32516-3_7


mailto:araujojred@terra.com.br

E. Araujo Junior et al.

Fig.7.2 Midtrimester fetus with (a, b) cerebellar vermian  bilateral cleft lip and palate. (f) This infant had trisomy 9
defect (arrow), (¢) micrognathia (arrow), and (d) cleft lip  (From Tonni et al. [75])
and palate (arrow). (e) Postmortem examination confirmed
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Fig.7.2 (continued)

of the fetal facial anatomy is necessary to opti-
mize intrapartum management.

7.2  Genetic Syndromes
Associated
with Micrognathia
7.2.1 Pierre Robin Syndrome

Pierre Robin Syndrome (PRS, OMIM 261800) is a
rare heterogeneous genetic disorder characterized
by retro- or micrognathia, glossoptosis, and cleft
palate independent of the respiratory and feeding
difficulties or the size of the posterior cleft [9].
PRS is an autosomal recessive disorder caused by
a mutation on chromosome 17q24.3-q25.1. In a
recent study, the visualization of a cleft in the pos-
terior palate in addition to retro- or micrognathia
had a positive predictive value of 100 % for PRS
[10]. The incidence of PRS has been estimated to
occur in 1 of 14,000 live births [11]. PRS can be
associated with several genetic disorders including
trisomy 21, trisomy 13 [12], 46, XX/XY del(22)
(g11), del(4)(g31), del@)(p-), inv(O)(plliql2),
inv(9)(pl1ql3), t(X;2) and del(14(gter) [9]. In
addition to the classic triad (retro- or microgna-
thia, glossoptosis, and cleft palate), PRS is also
associated with other malformations such as
macro- or microglossia, auricular malformations,
nasal deformities, dental malformations, and

AR BT

laryngomalacia. Extracranial anomalies are
observed in 10-85 % of cases and consist of ocu-
lar, cardiovascular, musculoskeletal, neurologic,
and genitourinary abnormalities [13].

Prenatal diagnosis of PRS is critical because
the tongue may significantly obstruct the airway
at the time of birth [2]. Antenatal identification,
therefore, allows delivery planning with a multi-
disciplinary team present at delivery to assist
the newborn [12]. The diagnosis is most com-
monly made in the second trimester of preg-
nancy when severe retro- or micrognathia is
visualized on two-dimensional (2D) ultrasound.
Typically, polyhydramnios subsequently devel-
ops due to obstruction of oropharynx [13]. 3D
ultrasound in the rendering mode allows
improved spatial visualization of the fetal face,
which is useful for counseling of the parents
(Figs. 7.4 and 7.5) [13]. First-trimester diagno-
sis of PRS has been reported after transvaginal
evaluation identified the typical facial dysmor-
phisms [14, 15]. MRI may also be helpful when
the diagnosis is uncertain [8, 16]. However, the
detection rate of PRS using 2D ultrasound is
low, ranging from 7 to 22 % [17].

After PRS is prenatally identified, the parents
should strongly consider genetic amniocentesis
because many different genetic disorders may be
associated with this syndrome. These include tri-
somy 13, trisomy 18, cerebrocostomandibular
syndrome, CHARGE syndrome (coloboma, heart
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Fig. 7.3 Micrognathia detected by two-dimensional
ultrasound in a midtrimester fetus with normal karyotype
(a) with associated tetralogy of Fallot (b, ¢) and exompha-
los. Array-CGH demonstrated a 15q.11 microduplication

anomaly, choanal atresia, retardation, genital
abnormalities, and ear anomalies), velocardiofa-
cial syndrome, Treacher Collins syndrome,
Beckwith—-Wiedemann syndrome, Cornelia de

(d), with the father as a carrier. Autopsy findings (e, f)
confirm micrognathia (arrow) and exomphalos (From
Tonni et al. [76])

Lange syndrome, Smith—Lemli—Opitz syndrome,
and Hanhart syndrome [10, 14]. Several cases of
PRS have also been reported in the context of
Stickler syndrome, which is a rare autosomal
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Fig. 7.4 Micrognathia (arrow) detected by three-
dimensional ultrasound in a second-trimester fetus (a)
with trisomy 22 (b) (From Tonni et al. [77])

dominant connective tissue disorder estimated to
affect approximately 1 in 7500 newborns [18].
Stickler syndrome, however, is characterized by
ocular manifestations, arthritic changes, orofa-
cial features, and deafness. Ophthalmologic
anomalies are the most characteristic and most
serious manifestations of the syndrome [19]. The
presence of PRS phenotype during prenatal ultra-
sound in a patient with a family history of Stickler
syndrome should raise significant suspicion of
recurrence.

The prognosis of PRS usually is very good
when it is isolated. After birth, tracheostomy is
usually indicated to improve respiratory function.

Surgeries to correct the mandibular dysmorphol-
ogy and the cleft palate are performed between 6
and 18 months of life. Breathing difficulties gradu-
ally improve and may resolve completely due to
growth of the mandible [13]. The long-term out-
come depends on whether the PRS is isolated or
associated with other malformations or syndromes.
Even when there are associated anomalies, the sur-
vival rate of PRS can be as high as 90 %, although
mental retardation occurs in 15 % of cases [12].

7.2.2 Neu-Laxova Syndrome

Neu-Laxova syndrome (NLS, OMIM 256520) is
a rare, autosomal recessive syndrome that is
lethal. NLS is characterized by severe intrauter-
ine growth restriction (IUGR), flexion contrac-
tures of the limbs, microcephaly, edema
particularly affecting the hands and feet, and ich-
thyosis [20]. Additional features include micro-
gnathia, exophthalmos, cystic hygroma, cleft lip/
palate, lissencephaly, cryptorchidism, and pul-
monary hypoplasia [21].

The prenatal diagnosis of NLS by 2D ultra-
sound is possible in the second and third trimes-
ters of pregnancy. As a lethal condition, the
appropriate prenatal diagnosis is important to the
parental counseling, particularly for consanguin-
eous parents [22]. The main prenatal ultrasound
findings in a series of seven cases are the follow-
ing: low-set/malformed ears, flat/abnormal nose,
micrognathia, microcephaly, rocker-bottom feet,
IUGR, short neck, and increased adipose tissue
[20]. The absence of breathing movements, suck-
ling, swallowing, or isolated arm and leg move-
ments may also be detected in the third trimester
[23]. The association of this syndrome with poly-
hydramnios is reported in the literature [21, 24].
MRI is important to better assess the central ner-
vous system for abnormalities.

Differential diagnoses include fetal akinesia/
hypokinesia syndrome, cerebro-oculo-facioskeletal
(COFS) syndrome, lethal multiple pterygium syn-
drome, Pena—Shokeir phenotype, Cornelia de
Lange syndrome, Freeman—Sheldon syndrome,
Miller-Dieker syndrome, Seckel syndrome, Smith—
Lemli—Opitz syndrome, and intrauterine infections
[21, 24]. The karyotype is typically normal [24].
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Fig.7.5 (a) Three-
dimensional ultrasound
in surface rendering
mode shows
micrognathia in a fetus
with Pierre Robin
syndrome. (b) Three-
dimensional virtual
physical model printed
on photopolymerized
resin

7.2.3 Wolf-Hirschhorn Syndrome

Wolf-Hirschhorn syndrome (WHS, OMIM
194190) is a congenital disorder caused by micro-
deletion of the short arm of chromosome 4 (del
4p16.3), which encodes genes including MSX1,
WHSCI1, and LETM1 [25]. Most of these dele-
tions occur de novo, but 15 % are due to a struc-
tural chromosomal rearrangement in one of the
parents [26]. The incidence of this rare condition
has been estimated to be around 1/50,000 births
[27]. WHS is characterized by intrauterine growth
restriction (IUGR), mental retardation, character-
istic facial dysmorphism, microcephaly, ear lobe
anomalies, and closure defects (cleft lip or palate,
coloboma of the eye, and cardiac septal defects)
[26]. The prenatal diagnosis is possible in the sec-
ond and third trimesters by 2D and 3D ultrasound
when the following malformations are observed:
severe [UGR, microcephaly, and a characteristic
facies with “Greek warrior helmet” appearance
(prominent glabella, high-arched eyebrows,
hypertelorism, and a broad high nasal bridge con-
tinuing to the forehead), short philtrum, carp-
shaped mouth, micrognathia, and low-set ears that
frequently have pits and tags (Fig. 7.6) [28, 29]. In
a series of 10 cases, the main prenatal ultrasound
findings were IUGR, microcephaly, high fore-
head, micrognathia, prominent glabella, and

hypertelorism [30]. Hypospadias in male fetuses
is another prominent finding [29].

The microdeletion of the short arm of chromo-
some 4 is a de novo mutation in most cases; paren-
tal testing may demonstrate a balanced translocation
in other cases [31]. The main differential diagnoses
are the following: Pitt—-Rogers—Danks syndrome,
Opitz BBB (oculogenitolaryngeal) syndrome,
Fryns syndrome, Jacobsen syndrome, triploidy, tri-
somy 9, and trisomy 18 [25, 32].

The prognosis of WHS depends on its associ-
ated malformations. When congenital heart dis-
ease is present, there is a 30 % risk of mortality in
first 2 years of life. Epilepsy is a primary charac-
teristic; mental retardation is also common.
Respiratory infections (including aspiration
pneumonia, otitis media, sinusitis, or chronic
cough) are very common finding in patients with
WHS. Children with WHS also suffer from
immunodeficiency. Other complications are the
various tooth anomalies, including multiple tooth
agenesis and taurodontism [25].

7.2.4 Cornelia de Lange Syndrome

Cornelia de Lange syndrome (CDLS, OMIM
122470), also known as Brachmann—de Lange syn-
drome [33], has an estimated prevalence of 1 in
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Fig.7.6 Two- and three-dimensional findings in a male fetus with Wolf-Hirschhorn syndrome (a-i). Example of Greek
warrior helmet (j) and infant with this resemblance (k) (From Sepulveda [29])

10,000. Most cases are sporadic resulting from de
novo dominant mutations [34]. Mutations of the
NIPBL gene, which are typically de novo and asso-
ciated with an autosomal dominant inheritance, are
present in approximately 60% of patients with
CDLS [34]. The main characteristics in this syn-
drome are facial and limb abnormalities that pres-
ent in combination with intrauterine and postnatal
growth restriction [35]. Other frequent findings are
cardiac defects, hirsutism, gastrointestinal abnor-
malities, and severe mental retardation [36].
Prenatal diagnosis of CDLS is possible by 2D
and 3D ultrasound in the second and third trimes-
ters of pregnancy, although the accuracy is low
[37]. Prenatal ultrasound findings include severe
IUGR <5th percentile, long eyelashes, dispropor-
tionate shortening of the long bones, depression of
the bridge of the nose, and overriding of the upper
lip (Fig. 7.7) [38—40]. In a report of seven cases,

the main prenatal ultrasound findings were the
following: TUGR, radial dysplasia/aplasia, ulnar
dysplasia/aplasia, oligodactyly, small nose, promi-
nent upper lip, micrognathia, and skin edema [41].
Although the syndrome is heterogeneous, the
overall prognosis is rather poor as 20% of
affected children die during the first 2 years of
life, while the rest usually face feeding problems,
neurodevelopmental delay, and mental retarda-
tion similar to autism [42]. Children with CDLS
have significant developmental delay and are
unable to live without community support; even
when phenotypic features are mild, children
show poor communication, a delay in the acqui-
sition of verbal skills, and overall significantly
impaired cognitive development [43]. Because
of this poor prognosis, prenatal diagnosis is
very important to provide parental counseling
and the option for termination of pregnancy.



112

E. Araujo Junior et al.

Fig.7.7 Two- and three-dimensional ultrasound findings in fetus with Cornelia de Lange syndrome. Note frontonasal
edema, micrognathia, long philtrum, long eyelashes, and abnormal upper limb (From Sepulveda et al. [39])

7.2.5 Nager Syndrome

Nager syndrome (NS, OMIM 154400), or acro-
facial dysostosis, is a heterogeneous syndrome
that combines mandibulofacial dysostosis
(micrognathia and ear anomalies) with limb
defects [44]. The etiology is unknown; both
autosomal dominant and recessive inheritance
patterns have been hypothesized in some fami-
lies, and teratogens such as retinoic acid have
been linked [44, 45]. Heterozygous mutations in
the SF3B4 gene on chromosome 1q12—q21 were
found to be responsible for a subset of sporadic
and autosomal dominant cases [46]. Depending
on the type of limb defect, two major groups
have been defined: NS, which has predominant
preaxial anomalies, and Genee—Wiedemann or
Miller syndrome, which is associated with post-
axial malformations [47].

Few cases of NS that have been diagnosed in
the prenatal period have been described in the lit-
erature. However, the diagnosis is possible in the
second and third trimesters based on the follow-
ing 2D and 3D ultrasound findings: severe micro-
gnathia and limb malformations including the
absence of thumbs, the absence of both the fibula
and tibia, and shortening of the humerus and
femurs (Fig. 7.8). Familiar cases of acrofacial

dysostosis may help in the diagnosis. The karyo-
type is usually normal [44, 45, 47, 48].

The differential diagnosis includes trisomy
18, Treacher Collins syndrome, Richieri—Costa—
Pereira syndrome, thrombocytopenia—absent
radius (TAR) syndrome, and Roberts syndrome
[47]. Recently, SF3B4 mutations have been
associated with NS; this suggests that at least
some cases of Rodriguez syndrome are either
allelic to or represent unusually severe manifesta-
tions of NS [49].

Prenatal diagnosis is important because the
severe micrognathia can obstruct the upper air-
ways with risk of respiratory insufficiency [48].
The prognosis is poor, and these children undergo
several surgeries during childhood to correct the
facial and limb dysmorphisms. Genetic counsel-
ing, including the option of termination of preg-
nancy, is important [47].

7.2.6 Femoral-Facial or Femoral
Hypoplasia-Unusual Facies
Syndrome

Femoral—facial syndrome (FFS, OMIM 134780)
or femoral hypoplasia—unusual facies syndrome
was first described in 1975 by Daentl et al. and is
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Fig.7.8 Three-dimensional ultrasound in a fetus with Nager syndrome. Note micrognathia, abnormal ears, skin
tag, and abnormal upper limbs

characterized by femoral hypoplasia (or aplasia)
and specific facial dysmorphic features. It is usu-
ally described in association with other malfor-
mations such as renal, neural, skeletal, and genital
anomalies [50, 51].

FES occurs sporadically in females and seems
to be associated with maternal diabetes or hyper-
glycemia, exposure to drugs (thalidomide), viral
infections, radiation, focal ischemia or trauma, as
well as severe fetal constraint secondary to
oligohydramnios [52]. Some studies have sug-
gested an autosomal dominant pattern of inheri-
tance; however, there are no reports of chromosomal
abnormalities in their carriers [53].

The facial malformations include microgna-
thia, low-set or dysplastic ears, cleft lip and
palate, upslanting palpebral fissures, short nose
with broad tip, long philtrum, and thin upper
lip. Skeletal anomalies include sacral dysgen-
esis, talipes equinovarus, absent or hypo-
morphic tibia or fibula, humeroradial
synostosis, syndactyly, and polydactyly. Renal
defects, such as abnormal collecting urinary
system, dysplasia or agenesis of kidneys, or
multicystic kidneys, may be present. Associated
genital anomalies include cryptorchidism,
hypoplastic labia, and macrophallus. Central
nervous system defects include ventriculomeg-
aly, hydrocephalus, partial agenesis of the cor-
pus callosum, and neuronal migration defects
[54]. The subtrochanteric region of the femoral
cartilage is also affected and causes shortening
of the femoral proximal region. This is typi-
cally unilateral, with only 10-15% of cases
involving the legs bilaterally [55].

The prenatal diagnosis of FFS relies on a
major defect of the skeletal or craniofacial region
in addition to the femoral hypoplasia. The pres-
ence of a third malformation, such as unilateral
renal agenesis or a spinal or central nervous
system abnormality, can lead to the diagnosis
[51]. 2D ultrasound can provide a complete eval-
uation, but 3D ultrasound images may enhance
the detection of facial dysmorphisms [51]. MRI
may assist in the identification of abnormalities
that can lead to the prenatal diagnosis.

7.2.7 Larsen Syndrome

Larsen syndrome (LRS, OMIM 150250) was first
described in 1950. The facial features first
described were a prominent forehead, a depressed
nasal bridge, and widely spaced eyes. Additional
reports have presented other characteristics such
as hydrocephalus, cleft palate, cardiac malforma-
tions, and spinal abnormalities [56]. Autosomal
dominant and autosomal recessive patterns of
inheritance have been proposed. Different pat-
terns of inheritance could explain the clinical
variability that is seen with this syndrome [57].
Larsen-like syndrome, a lethal variant of LRS,
was reported by Chen et al. [58]. The characteris-
tic features were tracheomalacia, multiple joint
dislocations, pulmonary hypoplasia, collagen
abnormalities, and nonimmune hydrops. Other
studies have also shown abnormalities of colla-
gen of joint capsules, cartilage matrix, and hya-
line cartilage of the trachea [59]. The presence of
bifid tongue and severe micrognathia can be
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associated and cause respiratory problems at
birth. Autosomal recessive inheritance was pro-
posed for this variant [60].

Autosomal dominant LRS is caused by muta-
tions or small frame deletions on the short arm of
chromosome 3 involving the FLNB gene, which
encode the cytoskeletal protein filamin B. However,
the gene involved in the autosomal recessive form
of LS is still unknown. The reported patients with
Larsen-like syndrome had a mutation in a gene
involved in collagen production, which is located
either on chromosome 1q or, more likely, on 6p
[61]. In these cases, fetal karyotype is normal and
the diagnosis is usually made postmortem. Genetic
counseling is very important to assess for the recur-
rence risk of this syndrome. In parents with a previ-
ously affected fetus, early sonographic examination
should be performed, and DNA mutation analysis
by chorionic villous sampling can lead to diagnosis
of LRS at an early gestational age [62].

7.2.8 Treacher Collins Syndrome

Treacher Collins syndrome (TCS, OMIM
154500) is an autosomal dominant disorder that
is also associated with micrognathia and other
findings, such as ear malformations, lower eyelid
coloboma, zygomatic hypoplasia, downward-
slanting palpebral fissures, hearing loss, cleft lip/
palate, and scalp hair extending onto the cheeks.

Fig.7.9 (a) Three-
dimensional ultrasound
(3D) shows micrognathia
(white arrow) in a

fetus with Treacher
Collins syndrome.

(b) Photograph of the
newborn infant shows
micrognathia and
abnormal ear

The incidence of TCS is 1 in 50,000 live births,
and it is sometimes underestimated because of
variable phenotype [63].

Mosaic individuals can be clinically unaf-
fected; even affected individuals usually have
adequate intelligence and life span despite the
facial malformations. Patients with TCS may
have initial respiratory problems at birth requir-
ing airway access with tracheostomy and intuba-
tion. Sometimes individuals undergo multiple
reconstructive surgeries in early life.

Studies have identified involvement of chromo-
some locus 5q31-q34 and the disease gene TCOF1
[64]. This specific gene encodes the nuclear phos-
phoprotein treacle, which is involved in microtu-
bule dynamics, ribosomal biogenesis, rDNA
transcription, nucleogenesis, or trafficking of pro-
teins or ribosomal subunits between the nucleolus
and cytoplasm [65]. The process of neuroepithelial
apoptosis during early embryogenesis is affected,
particularly in neural crest cells. At least 130
mutations in the TCOF1 gene (reported in 78-93 %
of individuals with TCS) have been reported.

Prenatal sonographic diagnosis for TCS is still
a challenge. Abnormal 2D ultrasound findings
may be identified on the midsagittal view of the
fetal face, although it has been reported that the
true midsagittal profile is visualized in only 69 %
of attempts. The addition of 3D ultrasound allows
greater image detail and identification of minor
abnormalities of the jaw [66] (Fig. 7.9).
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The differential diagnosis includes Goldenhar
syndrome, NS, and PRS. Goldenhar syndrome
may be sporadic or be inherited as autosomal
dominant in familial cases. The genotype/pheno-
type shows a wide spectrum from oculoauriculo
to vertebral dysplasia. The syndrome usually
affects half of the face with micromelia and epib-
ulbar dermoids. Radial defect may be also part of
the spectrum. NS involves mandibulofacial dys-
ostosis and preaxial reduction defects of the
upper limbs, ranging from radial hypoplasia to
aplasia of the thumb with or without involvement
of the radius. Finally, the primary finding of PRS
sequence is early mandibular hypoplasia and
associated anomalies restricted to this area.

7.2.9 Pena-Shokeir Syndrome

Pena-Shokeir syndrome, type 1 (PSS, OMIM
208150), or fetal akinesia deformation sequence,
is a rare and lethal syndrome that was first
described in 1974 [67]. It is characterized by mul-
tiple joint contractures (arthrogryposis), facial
anomalies (micrognathia), polyhydramnios, fetal
growth restriction, and pulmonary hypoplasia. Its
incidence is estimated at 1 in 12,000 births. It is
an autosomal recessive disease. There are pheno-
typic variations that show decreased or even the
absence of movement in the uterine environment,
with consequent fetal akinesia, which can cause a
series of deformities [67]. Limb contractures and
muscle atrophy result from lack of adequate
movement [68]. Lung development stagnates
around the 15th week of pregnancy, during the
canalicular phase, leading to pulmonary hypopla-
sia within the diminished thoracic cavity. This
occurs due to the absence of early respiratory
movements that allow adequate development of
the diaphragm and intercostal muscles. The
decreased fetal swallowing results in polyhy-
dramnios, and the underdevelopment of facial
muscles explains the craniofacial defects [68].
Even with a considerable number of differen-
tial diagnoses, PSS shows similarities to trisomy
18, such as arthrogryposis and micrognathia. If
the karyotype is normal and the fetus presents
micrognathia, arthrogryposis, and lack of

movement, PSS can then be considered as the
diagnostic possibility [69]. Although PSS cannot
be consistently diagnosed using genetic testing,
mutations in the DOK-7 and RASPSN genes
have been associated with the syndrome.

The care that should be provided for subse-
quent pregnancies for couples who have had a
fetus with PSS includes serial assessments using
ultrasound, with the aim of achieving early detec-
tion of abnormalities. However, since the pheno-
typic condition is derived from heterogeneous
causes, the counseling for couples to provide
guidance regarding recurrence is imprecise. It
has been estimated that the risk in the next preg-
nancy is around 0-25 % [70].

The addition of 3D ultrasound in rendering
mode often permits more detailed evaluation of
the suspected fetal abnormality, thereby comple-
menting the 2D ultrasound technique [71]. It also
allows improved understanding of the condition
by the parents. Ruano et al. [72] reported on the
benefit of 3D ultrasound in evaluating fixed pos-
tural abnormalities of the extremities and of the
limbs of the fetus. In a study from our group, this
technique was of unquestionable importance to
aid in the understanding the disease [71].

The other imaging modality to diagnose PSS
is MRI. Gupta et al. [73] reported a case of a
28-week fetus with kyphoscoliosis and reduced
movements. MRI using T1-weighted,
T2-weighted half-fourier acquisition single-shot
turbo spin echo (HASTE) and true fast imaging
with  steady-state  precession  (TrueFISP)
sequences was performed to analyze the fetus.
2D ultrasound and MRI demonstrated distorted
spine with scoliosis, persistent flexion of the
wrists, elbow joints, knee joints, and bilateral
club foot; however, retro-or micrognathia and
pulmonary hypoplasia were also present and
were better depicted on MRI. Although MRI is
not essential in the diagnosis of PSS, it should be
requested in cases where there is suspicion of
fetal central nervous system anomalies.

PSS phenotype is considered a lethal disorder;
although some cases reach the age of 1 year, most
patients rarely survive to the neonatal period.
Therefore, if the diagnosis is made prenatally,
termination of pregnancy may be offered [74].
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Magnetic Resonance Imaging
(MRI) in the Evaluation
of the Fetal Face
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8.1 Introduction

The use of magnetic resonance imaging (MRI)
for the prenatal diagnosis of fetal malformations
was first reported in 1983 [1].

However it was only in the 1990s that new
technological advances including the develop-
ment of fast sequences allowed this method to
become incorporated into clinical practice. During
the last decade, the increased use of this technique
has grown exponentially due to the improved res-
olution and signal/noise ratio, as well as greater
accessibility to the pregnant population.

MRI is a safe imaging modality for the detec-
tion and characterization of fetal anomalies [2].
It is usually performed after 18 weeks of gesta-
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tion, because it is from this period onward that
this technique can provide useful information
for pregnancy management and fetal prognosis
[3]. The main indication for fetal MRI is the
detection of fetal anomalies on ultrasound,
especially if a more detailed evaluation of the
fetal anomaly or assessment of other associated
malformations is required [3]. In particular,
MRI has become a useful adjunct to ultrasound
in the assessment of fetal head and neck pathol-
ogy [4-3].

The study of the fetal face is an important part
of the obstetric examination, and interest in its
study has grown in the last decade [9]. With ultra-
sound, it is possible to detect a wide spectrum of
facial anomalies and dysmorphisms, of which the
absence of the nasal bone, micrognathia, hyper-
telorism/hypotelorism, and orofacial cleft are
among the most important [10—14]. The absence
of the nasal bones is a specific marker for trisomy
21, orofacial cleft is the most common midfacial
malformation, and hypertelorism/hypotelorism is
associated with severe central nervous system
(CNS) malformations. With modern ultrasound
equipment and proper scanning technique, some
of these defects can be detected even in the first
trimester of pregnancy [3, 10-12, 15].

Fetal MRI has the potential to add useful
information about the facial anatomy, allows a
diagnostic confirmation particularly when the
ultrasound examination is difficult (e.g., in cases
of maternal obesity, previous abdominal surgery,
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suboptimal fetal position, etc.), and allows for the
detailed structural evaluation of the fetal brain,
which may detect coexisting pathology and
assess for any intracranial extension of extracra-
nial disease processes [16]. In addition, MRI may
provide additional prognostic information by
detecting other malformations that may be
present [4].

In this chapter, we review the main indica-
tions, techniques, and efficacy of MRI in the
evaluation of the fetal face. We also include some
pathological conditions affecting primarily the
fetal neck that may extend to and affect the facial
anatomy. In these cases, MRI is particularly
important to assess for the possibility of airway
compromise at delivery.

8.2 Technical Aspects

The MRI study should be performed using high-
magnetic field equipment; both 1.5 and 3.0 Tesla
can be used. However, 1.5 Tesla equipment has
less susceptibility to motion artifact due to fetal
movement and shorter sequence duration [17]. A
surface coil (either cardiac or body coil) can be
selected. The surface coil has to be as close as
possible to the region of interest with the aim to
have a better signal/noise ratio and improve qual-
ity images. The patient is positioned in a supine
position. In cases in which supine position is not
tolerated by the patient, the lateral supine posi-
tion is an alternative option. Because of the wide-
spread use of ultrafast sequences in clinical
practice, nowadays it is not necessary to adminis-
ter sedatives to obtain good quality images [18].

8.3  Fetal MRl in Congenital
Facial Anomalies
8.3.1 CleftLip and Palate

Orofacial clefts are congenital malformations that
have a profound effect on midfacial development
during gestation. It is the most common facial
anomaly seen in newborn infants and occurs with
a prevalence of about 1 per 600 to 1 per 1000 live

births. Orofacial clefts can be divided into cleft-
ing of the primary palate, which includes cleft of
the upper lip and alveolar ridge, and clefting of
the secondary palate, which includes clefts of the
hard and soft palates. They can also be classified
as cleft lip, if it affects only the lip; cleft lip and
palate, if it affects the lip and the palate; and iso-
lated cleft palate, if it only affects the secondary
palate including those only including the soft pal-
ate (bifid uvula). Regarding their location, they
can be classified as unilateral (right or left), bilat-
eral, or medial if they affect the midline. The mid-
line involvement is the most severe form due to its
strong association with major brain defects such
as holoprosencephaly [4].

The prognosis of orofacial clefts depends on
their association with additional malformations,
which occurs in 21 % of cases of cleft lip and pal-
ate and in 8 % of cases of cleft lip alone [19]. The
most common associated chromosomal abnor-
malities are trisomy 13 and 18 [19, 20].

Ultrasound, as the primary imaging method
used in clinical obstetrics, is widely available and
inexpensive, and provides real-time examination
of the upper lip and alveolus. However, prenatal
detection of cleft lip and palate can be difficult
because of shadowing from the surrounding bony
structures and poor visualization of the fetal face
due to suboptimal fetal position [5]. MRI exami-
nation is considered a valuable complementary
method. Some studies have compared two-
dimensional (2D) ultrasound and MRI of the
maxillofacial region in the ability of visualizing
the location and extent of malformations [4, 5].
These studies have shown better accuracy in the
detection of cleft lip and palate on MRI (100 %)
versus 2D ultrasound (85 %), as well as better
assessment of the extension of the defect (espe-
cially if the secondary palate is affected) and in
the detection of associated anomalies [6-8].
However, with the incorporation of three-
dimensional (3D) ultrasound in the prenatal eval-
uation of facial clefts, the sonographic diagnostic
accuracy has increased, particularly in the assess-
ment of the palate because evaluation of the sec-
ondary palate is now feasible [9]. With 3D
ultrasound, new techniques have been described
and are increasingly incorporated into the routine
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ultrasound examination of the fetal face [21]. 3D
ultrasound provides a clearer and more precise
visualization of the fetal primary and secondary
palates, which currently allows the identification
of the precise location and extent of the cleft [3,
21-24]. On the other hand, MRI allows the con-
firmation of the facial defect as early as 18 weeks
of gestation and performs better in delineating
defects of the secondary palate and associated
facial and extrafacial anomalies [22, 23].

8.3.1.1 MRI Examination

T2-weighed imaging (T2WI), echo planar, and
steady-state free-precession (SSFP) sequences
with 2—-4-mm slice thickness must be obtained
[4]. As with any study of fetal MRI, ultrafast
sequences should be used. The slice numbers
have to be carefully selected to include only the
region of interest (maxillofacial region), thus
avoiding the extra time sequence duration. A
recent study demonstrated that fetal brain-tar-
geted MRI sequences are accurate enough to
obtain good images for the evaluation of the fetal
lip, primary palate, and secondary palate [25].
However, in the case of a suspected orofacial
anomaly, the authors suggest a study focused on
the fetal craniofacial anatomy.

Axial views should be used to study the lips
and alveolar ridge; T2WI and SSFP are the most
useful sequences for these purposes (Fig. 8.1). In
both sequences, the amniotic fluid is shown as

hyperintense liquid that surrounds the fetus.
When the amniotic fluid goes through to the oral
cavity, it generates a significant contrast with the
hypointense structures of the fetal maxillofacial
anatomy including the lips and alveolus [4].
These sequences are useful to demonstrate the
clefts of the lip and alveolus, where hyperintense
amniotic fluid can be clearly seen filling the
defects (Fig. 8.2a).

Coronal views are used to assess the palate.
T2WI and echo planar are the optimal sequences.
The main MRI finding in cleft palate is the loss
of focal bone signal loss, which appears as a
gap. Because the normal palate is hypointense
on T2WI (Fig. 8.1b), in the presence of a cleft
palate, a gap will appear with hyperintense sig-
nal due to the presence of amniotic fluid filling
the bony defect (Fig. 8.2b). Echo planar
sequence is useful in these cases because it con-
trasts the primary palate with hypointense sig-
nal with the surrounding hyperintense anatomic
structures. When a cleft of the primary palate is
present, gradient echo sequence shows a hyper-
intense signal gap due to lack of bone (Fig. 8.3).
The T2WI sequence on sagittal view is used as
an adjunct for visualizing the primary and sec-
ondary palates, where the normal fetal palate
appears as a hypointense structure starting ante-
riorly at the frenulum of the upper lip and
extending posteriorly to the nasal choanae
(Fig. 8.1¢) [5].

Fig. 8.1 Normal fetus at 32 weeks of gestation. (a) Axial
SSFP shows upper lip (arrow) and alveolus (arrowheads)
without filling defects. (b) Coronal T2WI shows normal

palate with hypointense signal (arrow). (¢) Sagittal T2WI
demonstrates a normal and continuous palate with hypoin-
tense signal (arrowheads)
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Fig. 8.2 Fetal MRI in a
20-week fetus with
unilateral cleft lip and
palate. (a) Axial T2WI
shows disruption of the
lip and alveolus ridge
(arrow). (b) Coronal
T2WI shows cleft of the
lip and palate

Fig. 8.3 Different fetuses
at (a) 26 weeks of
gestation and (b) at 25
weeks of gestation. (a)
Echo planar sequence
shows a normal
hypointense signal of the
palate (arrow). (b) Echo
planar sequence shows
cleft palate with the
absence of normal
hypointense signal
(arrowhead)

8.3.2 Abnormal Orbits

The analysis of the fetal face by MRI must include
the fetal orbits and eyes. Malformations of these
structures are often associated with other congeni-
tal abnormalities [26]. Congenital eye and orbit
abnormalities that can be found on the MRI
examination include anophthalmia, microphthal-
mia, hypertelorism, hypotelorism, and proptosis
and exophthalmos.

8.3.2.1 Anophthalmia

Anophthalmia is a rare condition characterized
by the absence of the eyeball. It can be unilat-
eral or bilateral. The affected orbit can be
absent or, more frequently, hypoplastic
(Fig. 8.4). The cause of anophthalmia is the

failure of development of the optic vesicle (pri-
mary anophthalmia) or the anterior neural tube
(secondary anophthalmia). It is usually associ-
ated with trisomy 13, triploidy, Klinefelter
syndrome, and severe craniofacial abnormali-
ties [27].

8.3.2.2 Microphthalmia

In microphthalmia, the eyeball has a smaller
diameter than expected for gestational age. It can
also be unilateral or bilateral and may be associ-
ated with many conditions, including triploidy,
trisomy 13, Aicardi syndrome, Walker-Warburg
syndrome, and CHARGE (coloboma, heart
defects, choanal atresia, retarded growth and
development, genital anomalies, and ear anoma-
lies) syndrome [16, 27].
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Fig. 8.4 Fetal MRI in a
22-week fetus with left
anophthalmia. (a) Axial
and (b) coronal T2WI
show absent left eyeball
(arrows)

8.3.2.3 Hypertelorism

Hypertelorism is the abnormally increased
distance between eyes. It can be recognized
when the interocular distance is larger than a
single orbit width. Isolated primary hyper-
telorism is rare; hypertelorism is usually asso-
ciated with other anomalies such as anterior
encephalocele, midline facial masses, cranio-
synostosis, and chromosomal abnormalities.

8.3.2.4 Hypotelorism

Hypotelorism is the abnormally decreased dis-
tance between the eyes resulting in a decreased
interocular diameter and binocular diameter
(Fig. 8.5). A simple approach to assess for hypo-
telorism is to make sure the interocular distance
is not smaller than a single orbit width. Similar to
hypertelorism, hypotelorism is rarely seen as an
isolated condition and is often associated with
severe malformations in the holoprosencephaly
spectrum.

8.3.2.5 Proptosis and Exophthalmos
Proptosis is the forward displacement of the eye-
ball. The forward displacement of both eye
globes is called exophthalmos. These entities
usually are associated with craniosynostosis,
encephalocele, or rarely, with an orbital mass.

MRI Examination

The visualization of orbital abnormalities using
MRI primarily depends on the T2WI axial and
coronal views, although T2WI sagittal views
can also be useful. No specific sequences for
the orbit are regularly used, because the
sequences utilized in the brain or craniofacial
region are adequate for the assessment of the
eyeballs. With T2WI technique, the eyeballs
are easily recognized because of their water
content as two hyperintense spheres. Distinctive
findings in anophthalmia are poorly formed
shallow orbits with only rudimentary orbital
tissue or a congenital cystic eyeball [28].

The qualitative analysis of the eye size and
distance between eyeballs is acceptable for
trained radiologists, but in the case of any anom-
aly of the orofacial anatomy or a midline brain
defect, a quantitative measure must be performed
to detect minor eye abnormalities. Measurements
used for the assessment of the eye size are the
anteroposterior ocular distance (APD) and
latero-lateral ocular distance (LLD). The APD is
measured between the anterior and posterior
margins of the eyeballs through the lens, and the
LLD is measured between the ethmoidal and
malar margins of the eyeballs (Fig. 8.6). The
APD and LLD are perpendicular. Measurements
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used for the detection of hypotelorism and
hypertelorism are the interocular distance (I0D)
and binocular distance (BOD) (Figs. 8.5 and
8.6). The BOD is measured between the two
malar margins of the hyperintense vitreous on
the coronal MRI image. Also in coronal T2WI
views, the IOD is measured between the two eth-
moidal margins of the vitreous. Every measure-
ment obtained must be compared with normative
data from fetal MRI according to the gestational
age [26]. If the fetus has intrauterine growth
restriction, the use of nomogram is not recom-
mended because all eye measurements in these

Fig. 8.5 Fetal MRI in a 31-week fetus with semilobar
holoprosencephaly and hypotelorism. (a) T2WI shows the
absence of the anterior interhemispheric fissure and fusion
of the frontal lobes (arrow). (b) The binocular distance
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fetuses will be significantly different from nor-
mally grown fetuses [26].

8.3.3 Abnormal Mandible

Mandibular development begins after the sixth
gestational week. During embryogenesis, interac-
tions between the ectoderm of the branchial arches
and neural crest cells from the dorsal neural tube
develop into the mandible [29, 30]. This process is
susceptible to genetic insult and environmental
factors [31, 32]. Among the environmental causes,
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measurement (42.7 mm) is below the fifth percentile
(447 mm). (c¢) The interocular distance measurement
(11.2 mm) is below the fifth percentile (15.8 mm)

Fig. 8.6 Ocular biometry using T2WI sequence. (a) Measurement of interlocular and (b) binocular distances on coro-
nal view. (¢) Measurement of anteroposterior ocular distance (14.2 mm) and latero-lateral ocular distance (15.9 mm) on
axial plane
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neuromuscular conditions such as fetal akinesia
deformation sequence can lead to severe micro-
gnathia [30].

8.3.3.1 Micrognathia and Retrognathia
Micrognathia results from hypoplasia of the neu-
ral crest cell population. It is rarely isolated and
often associated with other abnormalities, such
as hemifacial microsomia, Pierre Robin
sequence, and Treacher Collins syndrome (see
Chap. 6). It may also be part of a syndrome, skel-
etal dysplasia, or a fetal akinesia deformation
sequence. Chromosomal abnormalities have
been reported in 66 % of fetuses with microgna-
thia, usually triploidy, trisomy 13, and trisomy
18 [31, 32].

The terms micrognathia and retrognathia are
usually indistinctive in clinical practice. However,
micrognathia refers to a small mandible, and ret-
rognathia to an abnormal mandibular position.
Micrognathia is often seen in association with
retrognathia (receding chin) [30]. In contrast,
true retrognathia is rarely found. Distinguishing
between these two conditions based on subjective
assessment can be difficult. Therefore, objective
measurements (inferior facial angle and jaw
index) have been developed to assist in differen-
tiating between micrognathia and retrognathia
[33, 34].

2D or 3D ultrasound examination of the fetal
mandible is important because mandibular anom-
alies may lead to the diagnosis of major aneu-
ploidy or genetic syndromes. Fetal MRI has
proven to be useful for prenatal diagnosis and
postnatal surgical management of craniofacial
abnormalities and may be used as a complemen-
tary method in the assessment of micrognathia
and retrognathia [35, 36].

MRI Examination

Sagittal and axial T2WI views are mandatory to
the prenatal assessment of the mandible. The
sagittal view, specifically, is required for the sub-
jective as well as the quantitative assessment of
the position of the mandible. Fetal MRI of the
mandible is usually based on subjective evalua-
tion of the facial profile, and micrognathia may

be diagnosed by detecting a receding chin.
Although diagnosis of micrognathia is usually
based on the subjective finding of a receding
chin in the of profile view (Fig. 8.7), a recent
study showed that subjective evaluation may
lead to undiagnosed mandibular conditions in
fetuses in which the mandicular recession is not
severe [36].

To quantitatively assess mandibular growth,
measurements of the anteroposterior diameter
(APD) of the mandible in axial T2WI views are
required. Because the APD cannot be directly
visualized due to signal superposition of the
surrounding anatomic structures, an auxiliary
line is draw from the posterior border of the
masseter muscle at the mandibular insertion
from one side to the other, connecting the pre-
sumed mandibular angles. The APD is then
measured from the auxiliary line to the sym-
physis menti (Fig. 8.8). Because in microgna-
thia the most impaired growth is on the
longitudinal plane of the mandibular body, the
APD is adequate for assessing the mandibular
growth. In addition, transverse growth of the

Fig. 8.7 Fetal MRI in a 25-week fetus with severe
micrognathia. Sagittal T2WI shows a receding chin easily
recognized by subjective assessment. Note associated
glossoptosis due to isolated cleft of the soft palate
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Fig. 8.8 Anteroposterior diameter (APD) on an axial
T2WI view. The APD (long double arrow) is measured
from the symphysis menti to the line (dotted line) which
connects the posterior borders of the masseter muscles
(arrowheads)

mandible cannot be clearly measured on T2WI
because of similar signal intensity of the adja-
cent structures [36].

To assess the mandibular position, the inferior
facial angle (IFA), T2WI views are required. IFA
is defined as the angle formed between the line
perpendicular to the vertical part of the forehead
at the level of the nasal root and the line tangen-
tial to both the tip of the mentum and the anterior
border of the upper lip (Fig. 8.9). The IFA must
be performed with either a closed or slightly
opened mouth (open lips with a slight fluid in the
oral cavity). Fetuses with either micrognathia or
retrognathia have an IFA <50° [36]. To differenti-
ate micrognathia from retrognathia, the com-
bined assessment of IFA and jaw index is
required. Jaw index is calculated as follows:
APD/biparietal diameter x100 [33]. Micrognathia
is diagnosed when the IFA is <50° with a jaw
index less than the fifth percentile, whereas ret-
rognathia is diagnosed when the IFA is <50° with
a normal jaw index. Although micrognathia
defined by IFA <50° is the same whether mea-
sured on MRI or ultrasound, different jaw indices
based on the two modalities have been reported
[36]. On the other hand, IFA by MRI has the

Fig.8.9 Inferior facial angle (IFA) assessment on sagittal
T2WI. IFA (*) is defined as the angle between one line (A)
at the nasal root and a second line from the mentum tip to
the anterior border of the upper lip (B)

same threshold of <50° that defines an abnormal
profile by ultrasound.

Tumors of the Fetal Face
and Neck

8.4

Fetal face and neck tumors are classified accord-
ing to their content into cystic, solid-cystic, or
solid masses. Neck masses may extend to the
facial region and can cause significant distortion
of the fetal facial anatomy. Moreover, they can
impair the swallowing process leading to polyhy-
dramnios in the prenatal period and can compress
the upper airway causing obstruction and respira-
tory failure at birth. Fetal MRI has the capacity of
depicting the airway and its relationship with the
cervical mass and can also define the tissue com-
position of the lesion with accuracy. If the facial
or neck mass compresses the airway, perinatal
asphyxia leading to early neonatal death is
expected [37]. This complication can be pre-
vented with the ex utero intrapartum treatment
(EXIT) procedure which aims to secure the air-
way during delivery, while the fetus is still con-
nected to the placental circulation [3]. The most
frequent masses of the fetal face and neck are
lymphatic malformations, teratomas, and con-
genital hemangiomas.



8 Magnetic Resonance Imaging (MRI) in the Evaluation of the Fetal Face

127

8.4.1 Lymphatic Malformation
Lymphatic malformations are cystic, multisep-
tated masses and are the most common posterior
neck mass in the fetus. Lymphatic malformations
are caused by the failure of or delayed develop-
ment of jugular lymphatic connections [37].
These malformations are typically located within
the posterior subcutaneous tissues, although they
frequently wrap around laterally (Fig. 8.10).
Lymphatic malformations can be extensive and
may produce pronounced mass effect with pos-
tural abnormality and/or with compression of the
upper airway. It can also lead to hydrops, which
has a very poor prognosis.

8.4.2 Teratomas

Teratomas are germ cell tumors composed of tis-
sue from the three germinal layers. In the fetus,
the head and heck are the second most frequently
affected location after the sacrococcygeal region.
They often contain cystic and solid components,
including calcifications and fat. Teratomas show
a heterogeneous signal and are usually located in
the anterior aspect of the neck. They often pro-
duce hyperextension of the neck and can produce
airway obstruction. The presence of calcification
and fat is characteristic of teratomas, and their

Fig. 8.10 Fetal MRI in a 32-week fetus with cervical
lymphangioma in the lateral-posterior region of the neck.
Axial (a), coronal (b), and sagittal (¢c) T2WI views show a

presence is the most striking diagnostic clue.
Fetal MRI examination is excellent at assessing
both the degree of airway compression and the
tissue characteristics.

Teratomas arising from the oral/nasal cavity
or pharynx (epignathus) most commonly arise
from the hard or soft palate. They can be large,
fungating oral masses causing the jaw to be held
in a fixed open position [16].

Polyhydramnios secondary to obstruction and
difficulty in swallowing is common (Figs. 8.11
and 8.12). Hydrops may be present with large
masses, especially when they compromise
venous or lymphatic circulations.

The orbit is a rare location for teratomas.
Orbital teratomas can be primary, when the tumor
is arising from an orbit component, or secondary,
when the involvement is the result of extension of
the tumor from another location, frequently from
the intracranial region. Orbital teratomas are often
large masses that cause severe facial deformities.

8.4.3 Congenital Hemangiomas

Congenital hemangiomas are rare vascular tumors
that can grow rapidly during pregnancy and
potentially produce heart failure due to the
diversion of blood flow and the “vascular steal”
phenomenon. Two subtypes of congenital heman-

thin-walled cystic mass (arrows) that produces mass
effect and postural abnormality
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giomas exist: the rapidly involuting congenital
hemangioma, which usually decreases in size and
vascularization by 8—14 months of postnatal life,
and the non-involuting congenital hemangioma,
which may persist into late childhood [38, 39].
With fetal MRI, it is possible to assess the size,
location, and internal structure of these types of
lesions. A congenital hemangioma appears on
fetal MRI as a large, solid, well-circumscribed
tumor with the presence of vascular flow void.
Congenital hemangiomas can grow rapidly dur-
ing pregnancy and can occasionally cause heart
failure and hydrops.

Fig. 8.11 Fetal MRI in a 30-week fetus with orofacial
teratoma and hypertelorism. (a) Sagittal and (b) coronal
T2WI views show a heterogeneous mass of the oral cavity

Fig. 8.12 Fetal MRI in a fetus with a cervical teratoma.
(a) Coronal and (b) sagittal T2ZWTI views show a heteroge-
neous cervical mass and compression of the upper airway

Al b

8.4.3.1 MRI Examination

With face and neck tumors, the most important
aims of fetal MRI are to localize the lesion,
define the extension of the tumor for presurgical
planning purposes, and assess the presence of
airway compromise. T2WI sequences must be
performed in the three orthogonal planes with
3 mm thickness slices. The airway is easily seen
in coronal and axial T2WI views due to the pres-
ence of amniotic fluid inside of the upper airway
(Fig. 8.12). SSFP imaging is a useful sequence
due to its capacity to perform thin slices without
loss of quality image.

that produces severe distortion of the facial anatomy. Note
hypertelorism in (b). (¢) Sagittal T2WI shows polyhy-
dramnios due to impaired fetal swallowing

(arrow in a). Note associated polyhydramnios in (b)
(From Sepulveda et al. [3] with permission from the
authors)
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The characteristic feature of teratomas is their
heterogeneous signal due to their complex com-
position. TIWI sequence allows the identifica-
tion of fat within the abnormal mass that is a
common finding in this type of tumor. Echo pla-
nar imaging is the most sensible sequence for the
detection of calcification, which is also a charac-
teristic component of teratomas.

The presence of a multicystic mass in the neck
with mass effect is characteristic of lymphatic
malformation. These structures show a hyperin-
tense signal on T2WI and SSFP sequences and
have a thin cystic wall. In the case of a congenital
hemangioma, T2WI sequences show a solid
hyperintense mass within which there is a hypoin-
tense flow void.

Conclusions

Fetal MRI is an important clinical tool in the
prenatal evaluation of some facial abnormali-
ties. This technique can complement the ultra-
sound findings as well as provide more
detailed information regarding associated
abnormalities including particularly the cen-
tral nervous system. Fetuses with facial and
neck tumors are also candidates for fetal MRI,
especially when patency of the airway should
be investigated.
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The Fetal Brain in Fetuses
with Orofacial Abnormalities

Gustavo Malinger

Since the face develops at the same time and in
close contact with the brain, it is expected that at
least some of the anomalies and defects affecting
the face will affect also the brain. Some of them
are being diagnosed during fetal life and will be
presented in this Chapter. We will describe the
possible associations between fetal facial and
brain defects at each stage of brain development
starting from neurulation and until the first steps
of myelination [1].

The development of the median portion of the
face and the forebrain are closely related since
the prechordal mesoderm forms the median skel-
eton of the face and is simultaneously involved
in the induction of the rostral neural ectoderm,
which is the antecessor of prosencephalic devel-
opment [2]. Anomalies in these mechanisms
lead to the protoypical developmental disorder
involving the face and brain: holoprosencephaly
(HPE). Both neurulation disorders and late
developmental events such as proliferation and
migration may also be associated with orofacial
defects. Almost invariably, these patients present
with multiple malformations involving struc-
tures in addition to the CNS, head, and face. In
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these cases, malformation databases and search
engines are helpful, such as the Online Mendelian
Inheritance in Men (OMIM) and Orphanet
Journal of Rare Diseases, as well as the classic
textbook “Smith’s Recognizable Patterns of
Human Malformations [3].

9.1 Neurulation Disorders

In general, dorsal induction anomalies due to
abnormal neural tube closure do not affect the
face. However, when evaluating a fetus with a
suspected facial anomaly, the possibility of a
neural tube malformation must still be consid-
ered since these associations have been reported.
Due to the severity of the CNS findings, cases
diagnosed during the late first trimester or early
second trimester may not be identified as also
having a facial malformation (Fig. 9.1).

The association between open neural tube
defects and facial anomalies appears to be spo-
radic and not related to any known syndrome. In
a population-based study, Stoll et al. reported on
156 cases of anencephaly/spina bifida diagnosed
in Northern France and examined by a clinical
dysmorphology geneticist; they found that 3.3 %
suffered from facial clefts. Facial cleft was the
most common associated anomaly but they were
not syndromic [4]. Upon review of current litera-
ture, there was only one case that was associated
with a de novo -2q deletion [5].
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Anterior cephalocele has been described in
fetuses with frontonasal dysplasia (FND), also
known as median cleft facial syndrome (http://
omim.org/entry/136760) [6, 7] (Table 9.1). This
condition is usually sporadic, but autosomal domi-
nant, recessive, and X-linked patterns, as well as
22q11 microdeletion, have been reported. Patients
with FND usually present with two or more of the
following: pronounced ocular hypertelorism,
broadening of the nasal root, median facial cleft
affecting the nose and/or upper lip and palate, uni-
lateral or bilateral clefting of the alae nasi, lack of
formation of the nasal tip, anterior cranium bifidum
occultum, and a V-shaped or widow’s peak frontal
hairline (Fig. 9.1). The corpus callosum (CC) and
other important brain structures may be absent.
Severe forms of FND, particularly when involving
the brain, may be associated with autosomal reces-
sive mutations in aristaless-like homeobox gene
ALX1; ALX1 expression is essential for building
oral and nasal cavities as well as proper eye devel-
opment during early embryogenesis [8].

The Meckel-Gruber syndrome is the most
severe form of the autosomal recessive ciliopathies
and is characterized by the presence of posterior
cephaloceles, polycystic kidneys, and polydactyly;
it is also frequently accompanied by facial clefts
(25%) and microphthalmia/anophthalmia (20 %)

[9] (Fig. 9.2). Less severe ciliopathies including
Joubert’s syndrome and oral-facial-digital syn-
drome type IV may also be associated to a lesser
extent with facial dysmorphism, cleft lip and pal-
ate, and facial tumors [10].

9.2 Disorders of Prosencephalic

Development

Prosencephalic development starts as the same
time as facial development at 5—6 weeks of gesta-
tion. At this stage, the brain is composed of three
vesicles: the forebrain, the midbrain, and the hind-
brain. Failures in the normal development of the
forebrain result in a wide range of anomalies rang-
ing from complete failure of formation to abnor-
mal formation of some of the midline brain
structures [11]. Failure of formation of the prosen-
cephalon leads to the development of two very rare
and severe conditions: aprosencephaly and atelen-
cephaly; failure of cleavage into two separated
vesicles results in holoprosencephaly, and anoma-
lous midline development causes commissural and
septal anomalies [1] (Tables 9.1 and 9.2).
Although relatively rare in live-born children
(prevalence of less than 1/10,000), HPE is the most
common fetal malformation, present in as many as

Fig. 9.1 Stillbirth with frontonasal dysplasia. Note the broad nasal cleft and extreme hypertelorism (a) and the pres-

ence of an occipital cephalocele (b)
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Table 9.1 Neural tube defects in fetuses with orofacial syndromes and anomalies

Neural tube

defect Facial anomalies Syndrome Other CNS findings  Genetics References
Anencephaly/ Facial clefts No Sporadic, de Stoll [4],
spina bifida novo deletion 2q Goumy [5]
Anterior Median cleft lip, Frontonasal ~ ACC, lipoma, Sporadic, ALX Martinelli [6],
cephalocele hypertelorism dysplasia macrocephaly, HME, AR mutations, Esmer [7]
cranium bifidum AD, X-linked
patterns, 22q11
microdeletions
Posterior Microophthalmia/  Meckel— Cervical rachischisis, MKSI-11 AR Barisic [9],
encephalocele anophthalmia, Gruber DWM, ACC, sequence Romani [10]
orofacial clefts syndrome, hypotelorism, variations
other cerebellar hypoplasia,
ciliopathies  hydrocephalus

1 in 250 first-trimester fetuses with the more severe
cases resulting in early fetal demise. HPE is associ-
ated with chromosomal anomalies, particularly tri-
somies 13 and 18, triploidy, other known syndromes,
as well as single gene disorders.

With the advancements in molecular biology,
an increasing number of single gene mutations
have been described as causative agents of HPE;
these mutations appear to occur with a wide range
of different HPE genotypes confirming that HPE
apparently represents a continuum of forebrain
and craniofacial malformations with no clear-cut
distinction among the different subcategories [12].
To date, four major genes responsible for HPE
have been described: SHH, ZIC2, SIX3, and TGIF,
and a few others seem to play a lesser role in the
occurrence of HPE. The “multiple-hit hypothesis”
is now the most widely accepted model of
HPE. According to this hypothesis, combinations
of mutations in major and/or minor HPE genes
lead to the occurrence of HPE and may account for
variability in terms of severity [13].

In a large European study [14] consisting of 645
probands, of which 51% were fetuses, and 699
relatives systematic molecular analyses showed
point mutations or deletions in the four major genes
involved in HPE (SHH, ZIC2, SIX3, TGIF) in
25.4% of the subjects. More fetuses than children
were found to carry an HPE-associated gene dele-
tion (68 % vs. 32%). CGH analysis performed on
260 of the probands demonstrated rearrangements
in 22% of cases. Interestingly, HPE spectrum dis-
orders were found in 79 of the 699 relatives (29 %

in parents and 71 % in other relatives). All affected
parents were diagnosed with brain microforms,
which accounted for 44 % of the abnormalities in
these 79 relatives. More severe forms were reported
in other relatives, such as siblings or cousins: 26 %
alobar HPE, 13 % semilobar HPE, and 7 % lobar
HPE. Associated brain malformations were
observed in 6 % of the affected relatives, and neural
tube defects were found in 8 %.

An association between the severity of facial
anomalies and brain anomalies (as in the maxim,
“the face predicts the brain”) was first reported by
DeMyer and colleagues in 1964 [15]. Since then,
however, as experience with anomalies has
increased, this ‘“face-brain” correlation has
become controversial [16]. In a large epidemio-
logic study, Orioli found that in 10-39 % of the
cases, there was no such clear correlation between
face and brain anomaly subtypes [17]. In contrast,
Mercier et al. [14], based on the data for 369
informative probands, found a positive correlation
between the severity of type of HPE and severity
of facial features for their entires series (p<0.001)
and also for patients with SHH (p<0.001), SIX3
(»<0.001), and TGIF (p<0.001) subgroups, but
not for the ZIC2 subgroup (p>0.5).

Prenatal diagnosis of the alobar and semilobar
forms of HPE is usually straightforward; the first
reported cases in the early 1980s were diagnosed
in the second half of pregnancy and represented
severe HPE types [18] (Figs. 9.3 and 9.4). In
recent years, diagnosis of these severe cases is
possible at much early gestational ages, even as
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Fig.9.2 Fetus with Meckel-Gruber syndrome identified
at 12 weeks of gestation as demonstrated by TVS. (a)
Occipital encephalocele; (b) note the presence of cleft lip
(arrow) and (c) polydactyly

early as 10-14 weeks [19, 20] (Fig. 9.5).
Sepulveda and Wong demonstrated that failure to
visualize the choroid plexuses, the “butterfly”
sign, during the first trimester is highly predictive
of the presence of HPE, and they were able to
diagnose 11 cases out of 11,068 fetuses scanned

without false-positive or false-negative cases
[21]. In alobar and semilobar holoprosenceph-
aly, the first clue for diagnosis may be either the
visualization of an abnormal brain or an abnor-
mal face. CNS findings include the presence of
a large single ventricle with a thin cerebral man-
tle, failure to visualize the choroid plexuses, or
the visualization of a large noncleaved thalamus
(Figs. 9.3, 9.4, 9.5). It may be extremely diffi-
cult to differentiate between a fetus with HPE
and one with severe hydrocephaly and ruptured
septum pellucidum [22]. In these cases, as well
as when lobar HPE is suspected, the best way to
reach a conclusive diagnosis is by visualization
of the most rostral portions of the cerebral hemi-
spheres and frontal horns of the lateral ventri-
cles in a coronal plane; all three classical forms
of HPE will have a common frontal ventricle
and at least some degree of non-cleavage of the
frontal lobe without a normal interhemispheric
fissure (Fig. 9.6). Visualization of two separated
frontal horns at their foremost anterior position
confidenty rules out a classic form of HPE. In
these cases, other important findings are the
presence of an abnormal anterior cerebral artery
trajectory running closer than usual to the ante-
rior subarachnoid space, a single choroid plexus,
and the presence of craniofacial anomalies.

Extreme facial malformations as present in the
agnathia—otocephaly complex are usually associ-
ated with HPE (Fig. 9.7), but can be also isolated
[23]. When HPE is not present, a detailed exami-
nation may detect less common types of anomalies
(Figs. 9.7 and 9.8).

In lobar HPE, the CNS anomalies are usu-
ally more subtler, and since most of these
fetuses do not have severe facial dysmorphism,
many cases may remain undiagnosed during
pregnancy. Late diagnosis may be facilitated
by the presence of a dysgenetic CC, failure to
visualize the septum pellucidum, or following
investigation because of suspected microceph-
aly or mild ventriculomegaly. Atypical forms
of HPE may also be hard to diagnose during
fetal life, childhood, or even in adulthood. In
some cases, the diagnosis is made after the
delivery of an affected child with a more severe
form of HPE.
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Table 9.2 Classification of holoprosencephaly
HPE type HPE subtype Eye Nose Mouth
Classical Alobar Range from single orbit/ Arrhinia, Agnathia,
forms eye to mild hypotelorism proboscis, cleft lip and
single nostril  palate
Semilobar Range from single orbit/ Arrhinia, Agnathia,
eye to mild hypotelorism proboscis, cleft lip and
single nostril  palate
Lobar Small OOD/IOD/normal Normal Cleft lip/
palate
Atypical Middle Normal Normal Normal
forms interhemispheric
variant
Septopreoptic Normal Normal Single
incisor
Microforms
Isolated Small OOD/IOD Normal Normal
hypotelorism
Single incisor Normal Normal Normal

Fig. 9.3 Alobar holoprosencephaly diagnosed at 27
weeks of gestation by the presence of a single ventricle
with remnants of brain tissue

9.3 Disorders of Cortical
Development
9.3.1 Microcephaly

Microcephaly is frequently found in syndromes
affecting the face; in the majority, this condi-
tion develops during the postnatal period in
children born with normal head circumfer-

ences. In these cases, the prenatal diagnosis of
microcephaly, particularly during the first and
second trimesters, is extremely rare. Although
brain proliferation starts during the second
month of pregnancy, it cannot be measured or
evaluated on imaging until much later in gesta-
tion, by which time the associated craniofacial
anomalies should be easily identifiable.

Microcephaly syndromes involving the face
that have been diagnosed or described in fetuses
are few (Table 9.3). When a case of suspected
microcephaly is suspected during pregnancy, the
fetal face needs to be scrutinized as carefully and
comprehensibly as possible.

9.3.2 Macrocephaly

As with microcephaly, macrocephaly is common
in children and adults with facial dysmorphism,
but this association is rarely reported during the
prenatal period.

Kuniba et al. published a case of a severely
overgrown fetus with macrocephaly and
“coarse” face using 3D ultrasound at 24 weeks
diagnosed using whole genomic amplification
as Costello syndrome (CS). Although prenatal
overgrowth (>+5 SD), macrocephaly (+3 SD)
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Fig. 9.4 Semilobar holoprosencephaly diagnosed at 23
weeks of gestation. (a) Coronal view shows absent clev-
age of the brain; note the missing interhemispheric fissure
(arrow). (b) Coronal view shows the occipital lobes sepa-

Fig. 9.5 Alobar holoprosencephaly diagnosed at 12
weeks of gestation. (a) The thalami are not cleaved and
are floating in the large single ventricle; the brain paren-
chyma is not observed. (b) Hypotelorisim is present and

Fig. 9.6 Lobar holoprosencephaly diagnosed at 35
weeks of gestation without facial dysmorphism. (a)
Coronal view shows fused frontal horns of the lateral ven-
tricle (V) and fused hemispheres; the interhemispheric fis-

rated by the interhemispheric suture (arrow); note the
presence of a small subarachnoid cyst (arrowhead). (c)
Hypotelorism is observed

one of the eyes is smaller than the other one (arrows). (c)
Three-dimensional reconstruction of the face shows an
abnormal bifid nose (arrow)

sure is absent (arrow). (b) Coronal view shows the
absence of the septum pellucideum and fused hemispheres
(arrow). (¢) Median view shows dysgenesis of the corpus
callosum (arrows)
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Fig. 9.7 Agnathia—otocephaly complex with lobar HPE
at 19 weeks of gestation. (a) Lobar HPE; only the thalami
are observed (7). (b) US shows that the mouth is replaced

by a cystic structure (arrow); note associated hypo-
telorism. (¢) Stillborn fetus shows similar findings

Fig. 9.8 Fetus with agnathia—otocephaly complex. (a) and (b) 2D and 3D images show severe micrognathia; (¢) para-
sagittal view shows irregular cortex consistent with polymicrogyria but without HPE

and polyhydramnios were present at 23 weeks,
the facial dysmorphism described by the
authors that included “pointed chin, full cheeks,
wide nasal bridge, and low-set ears” were dif-
ficult to identify in the images provided [24].
Lin et al. found that the association between
macrocephaly, polyhydramnios, and atrial
tachycardia is prevalent in fetuses with CS; in
one of 3 suspected fetuses, macroglossia was
diagnosed. In the other two, the facial dysmor-
phism (hypertelorism and macroglossia) was
only diagnosed after delivery [25].

9.3.3 Migration Disorders

According to accepted theories of cortical devel-
opment, proliferation of neural cells occurs at
the periventricular zone; following this step, the
cells start to migrate toward the pia mater in six
different but orderly waves to form the cortex.
Arrest of neuronal migration at its origins pro-
duces a condition called periventricular neuronal
heterotopia (PNH); when the cells stop in the
white matter, the phenomenon is called white
matter heterotopia. Failure of neurons to migrate



138

G. Malinger

produces another unwanted effect, the underde-
velopment of the zone gray matter called lissen-
cephaly or pachygyria. In cases where the pia
mater fails to serve as a barrier for the neurons
entering the meninges, a cobblestone pattern,
currently considered a form of polymicrogyria,
develops.

Cobblestone brain malformation (COB) is
characterized by cortical dysplasia and aberrant
neuroglial migration through breaches in the
pial basal/glial limitans membrane into the sub-
arachnoid space; the result is neuronal ectopia
that produces an irregular “lumpy-bumpy”
appearance. COB is typically observed in
a-dystroglycanopathy types of congenital mus-
cular dystrophies (CMDs), which are associated
with various ocular abnormalities, delineating
the spectrum of muscle-eye-brain disease [26].
Prenatal diagnosis is possible in cases with a
previous affected sibling or when an association
between severe ventriculomegaly, cortical and
hindbrain malformations, and ocular anomalies
are found [27].

Some of these conditions may be found occa-
sionally in fetuses, children, and adults with
craniofacial malformations; in other cases, the
migration disorder represents the hallmark of the
syndrome with craniofacial malformations occa-
sionally present. In some patients with frontona-
sal dysplasia syndromes, not only PNH but other
CNS anomalies, such as encephaloceles, micro-
cephaly, and callosal agenesis, may be present
[6]. In Aicardi syndrome [28], a condition defined
by the presence of callosal anomalies, chorioreti-
nal lacunae, and infantile spasms and frequently
associated with proliferation and migration disor-
ders, craniofacial anomalies involving mainly the
eyes and mouth have been described.

9.3.4 Cerebellar Anomalies

Cerebellar anomalies may be associated with
facial anomalies, but in most of the cases, other
CNS malformations are expected to be found in
these fetuses (Tables 9.1, 9.3, and 9.4).
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10.1 Overview

Embryonic development of the head and face is a
complex process occurring during the first trimester,
involving interactions between components from all
three germ layers, between neural tube formation
and associated head and facial development and
between multiple branchial/pharyngeal arch com-
ponents. For these reasons, numerous abnormalities
may occur depending on the site, timing and sever-
ity of any defects in these processes. However, the
general types and mechanisms of such anomalies
can be reasonably grouped together, and this chapter
aims to provide a brief overview of the major com-
ponents of facial development in association with
clinically significant fetal abnormalities. In addition,
the chapter will briefly describe the approach to
investigation of such abnormalities at autopsy and
major associated features. For those interested, there
are excellent and highly detailed accounts available
of these processes from an embryological perspec-
tive, documenting the mechanisms of cellular inter-
actions during these processes and with experimental
evidence for the developmental origins of the vari-
ous components, which are beyond the scope of this
chapter [7, 12, 16, 21].
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10.2 Developmental Aspects
of the Head and Face

Development of the head, particularly of the
facial structures, represents a cohesive series
of events resulting in formation of several ana-
tomical systems including the central nervous
system, specialist sense organs, such as the
ears, and the first parts of both respiratory and
alimentary systems including the nose, phar-
ynx and mouth. In addition, the area demon-
strates complex developmental formation of
bony structures, muscles and innervation to
allow blinking, chewing, swallowing, talking
and facial expression.

In order to achieve this final arrangement,
embryonic development requires tightly con-
trolled interactions between the numerous sys-
tems and developmental elements. The most
important overriding concepts in this regard
for overall head and face development are:

e Formation of the underlying brain and its
impact on development of both the cranium
and face

e The pivotal role of the neural crest for all
aspects of development at this site

e The important contributions of the branchial/
pharyngeal arches to both facial and neck
structure development
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10.2.1 Neural Development

Formation of the brain proper will not be covered
here; suffice to note that the brain structures
proper, peripheral nervous system elements and
ectodermal placodes are ultimately derived from
the neural plate and neural folds, this tissue form-
ing the brain structures proper, peripheral ner-
vous system elements and ectodermal placodes.
Furthermore, as the neural plate forms the neural
tube and subsequent central nervous system, non-
neuronal neural crest elements play an important
contribution to the mesenchymal elements of
various head and face structures, as indicated
below.

The general brain regions are formed during
early conception, even before the neural tube
itself has closed. With further differential growth
of these regions, a series of folds or flexures occur
that divides the brain into segments, each forming
distinct components of the mature central nervous
system. Concurrently, neural crest cells from
these regions are formed, which then contribute to
specific regional elements such as trigeminal,
facial, vestibuloacoustic and superior petrosal
ganglia, in addition to other elements of the sym-
pathetic and parasympathetic nervous system in
this region. Similarly, the regional and ordered
distribution of the cranial nerves and their nuclei
are determined at this time [22].

10.2.2 Skull Development

The skull develops as the cranium proper from local
paraxial mesenchyme, which forms the membra-
nous frontal, parietal, squamous and occipital bones
that surround the brain. The face and jaw bones are
derived from neural crest components.

10.2.3 Overview of Facial
Development

The structural complexity of the face is due to its
development being related to the growth and fold-
ing of the brain, cranial coverings, components
formed from the branchial arches (see later) and

also the interrelationship with the endodermally
derived foregut system [4]. The face essentially
forms around the cranial end of the foregut, which
is initially closed at the buccopharyngeal mem-
brane, the junction between the endoderm and ecto-
derm, within a depression, the stomodeum. This
area will become the mouth and the other facial ele-
ments are hence formed from the surrounding areas.
The buccopharyngeal membrane breaks down, and
with development of the pharyngeal arches, this
part of the foregut forms the mouth and pharynx
and its derivatives. Therefore, the majority of the
face and neck, including the pharynx and larynx,
are derived from a combination of neural fold-
derived ectoderm and mesoderm from the pharyn-
geal arches which surround the developing foregut.
The majority of facial development in terms of
formation of structures occurs around weeks 4—8
postconception. Further anatomical changes
occur as a consequence of differential growth
rather thatn development of new structures.

10.2.4 Branchial/Pharyngeal
Apparatus

Given the importance and complexity of the
development of the branchial/pharyngeal appara-
tus to the formation of the head and neck struc-
tures, this section will provide further detail.
These primitive structures form gills in fish but
contribute to many head and neck elements in the
human [15]. Around week four of development,
neural crest cells migrate into ridges on either
side of the future head, which are separated by
grooves or clefts, with four major arches (five in
total) forming in humans. With subsequent
growth these structures become fused and the
outer surface of the face and neck is smooth.
The five pharyngeal arches are each composed
of a covering of ectoderm (some also contain
endoderm), with associated neural crest-derived
mesenchymal elements. The arches therefore
contribute to epithelial-derived structures, mesen-
chymal elements such as connective tissue and
muscle and mesenchymal-derived vascular struc-
tures and nerves. Facial muscles are derived from
branchial arch mesenchyme. Each arch is
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associated with a corresponding cranial nerve,
explaining the innervation of face and neck
structures. The overall control of this process in
terms of order and regulation appears to be largely
controlled by homeobox (Hox) gene expression
patterns [4], but a large number of additional fac-
tors are now being recognized as potentially
important, including BMPs and FGFs [13, 23].

The first arch structures form the lower jaw
and midface, including the maxilla and mandible,
bones of the middle ear (malleus and incus) and
associated muscles and ligaments, and are associ-
ated with the trigeminal nerve.

The second arch forms the middle ear stapes
and part of the temporal and hyoid bones and is
associated with the facial nerve.

The third arch forms part of the hyoid and is
associated with the glossopharyngeal nerve.

The fourth to fifth arches form the larynx and
are associated with the vagus nerve.

Since the arches are separated by grooves,
four well-defined pharyngeal pouches also there-
fore form, in which the primitive foregut/pharyn-
geal endoderm is in close proximity to the
ectoderm at the base of the grooves.

The first pouch forms the tympanic mem-
brane, cavity and mastoid antrum and Eustachian
tube. The second pouch forms the tonsillar fossa,
the third pouch forms the inferior parathyroid
glands and thymus and the fourth pouch forms
the superior parathyroid glands. The first groove
therefore persists as the external auditory meatus,
whilst all other grooves are obliterated, providing
the normal smooth outline of the neck.

Failure of this complex process of endoder-
mal, mesodermal and ectodermal cellular inter-
action, differential growth and migration may
result in a range of associated anomalies, which
can be readily predicted based on the knowledge
of their normal embryological derivatives. For
example, persistence of first groove elements
may result in auricular anomalies and congenital
auricular sinuses/remnants. Branchial sinuses on
the lateral neck are a consequence of persistence
of second groove elements. True branchial fistu-
las result from communications at the site of the
base of the pharyngeal grooves, usually between
the tonsillar clefts and lateral neck, and remnants

of the second branchial groove or cervical sinus
may result in branchial cysts.

Similarly, abnormal development of the various
branchial arch structures themselves can result in a
range of anomalies in relation to their develop-
mental structures described above. Anomalies of
the first branchial arch may be associated with
abnormal development of the eyes, ears, mandible
and palate, presumably a consequence of defective
neural crest migration or interaction with sur-
rounding tissues. Examples of such so called “first
arch syndromes” include Treacher Collins syn-
drome and Pierre Robin syndrome, both of which
have characteristic facial dysmorphic features.
Failure of normal third and fourth arch develop-
ment leads to DiGeorge syndrome with thymic
aplasia and absent parathyroid glands.

10.2.5 Formation of the Central
Facial Structures

The face itself is formed from several components,
or facial primordia, which develop around the
primitive stomodeum. The frontonasal processes
develop from the neural fold and significant com-
ponents, including the paired maxillary and man-
dibular processes, develop from the first pharyngeal
arch, including the paired maxillary and mandibu-
lar processes. Neural fold mesenchyme forms
around the olfactory placodes forming the medial
and lateral nasal swellings, which fuse with the
frontonasal prominence to form the nose. The
nasal cavities form from underlying nasal sacs,
and with degeneration of the oronasal membrane
and subsequent formation of the palate, the nasal
and oral cavities are separated, but connected by
the choanae. Ectodermal epithelium in this region
forms the olfactory epithelium. The paranasal
sinuses develop only during late fetal life and into
childhood, being small and primitive in the fetus.
The maxillary processes of the first arch fuse
with the lateral nasal swellings in the midface,
the epithelial junction of which (the nasolacrimal
groove) develops into the nasolacrimal duct. The
maxillary processes also grow medially, via the
palatine shelves, to fuse together in the midline
and also join with the intermaxillary segment of
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Lateral nasal
prominence

Medial nasal
prominence

Maxillary
prominence

Mandibular
prominence

Nasal pit

Medial nasal prominence

Mandibular prominence

Fig. 10.1 Frontal aspect of the face. (a) Seven week
embryo. Maxillary prominences have fused with the
medial nasal prominences. (b) Ten week embryo.

the frontonasal prominence/premaxilla (which
also forms the central lip philtrum), to form the
normal intact lip and palate (Figs. 10.1 and 10.2).

If such elements fail to fuse normally, facial
clefting of various types may result [20]. For exam-
ple, if mesenchymal fusion between the maxillary
process and nasal process is defective, typical ante-
rior asymmetrical cleft lip occurs; the central phil-
trum area, being formed from the frontonasal
process, is often intact although the nasal cavity
floor is usually defective. Bilateral cleft lip
(Fig. 10.3) occurs when the maxillary processes
fail to fuse bilaterally with the medial nasal pro-
cess. Central cleft palate is due to failure of the
midline maxillary processes/palatine shelves to

Nasolacrimal

Eye

groove Philtrum

Lateral nasal prominence

Eye

Maxillary prominence

i-External ear

(c¢) Photograph of a human embryo at a stage similar to
that in (a) (From Sadler [16], 12th ed, Fig 17.23 p. 277
and Fig. 17.24 p. 278)

fuse [6]. Less commonly, more extensive fusion
failure may result in severe clefts, such as an
oblique cleft due to persistence of the nasomaxil-
lary groove, and rarely, other types of facial cleft
may occur due to failure of embryological develop-
ment or fusion at other sites, such as midline cleft.

10.2.6 Tongue

The tongue forms in the floor of the primitive
pharynx as the median tongue bud, with lateral
tongue buds developing from the mesenchyme
of the first branchial arcehes, which fuse to form
the anterior part of the tongue. The posterior,
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Maxilla with 4

Intermaxillary incisor teeth

segment

Primary
plate

Maxillary
process

Fig. 10.2 (a) Intermaxillary segment and maxillary pro-
cesses. (b) The intermaxillary segment giving rise to the
philtrum of the upper lip, the median part of the maxillary

Fig. 10.3 Bilateral cleft lip with hypertelorism and a
broad nasal bridge. Bilateral clefting occurs when the
maxillary processes fail to fuse bilaterally with the medial
nasal process

pharyngeal elements of the tongue are derived
from the second, third and fourth branchial
arches. Therefore, sensation to the anterior two-
thirds is derived from the trigeminal nerve (with
taste buds supplied by the facial nerve), whereas

Philtrum
of lip

Fused palatal
plates

bone with its four incisor teeth, and the triangular primary
palate (From Sadler [16], 12th ed, Fig 17.23 p. 277 and
Fig. 17.24 p. 278)

the majority of the remainder of the tongue is
supplied by the glossopharyngeal nerve. The
tongue musculature, which is formed from the
occipital somite myocytes, is supplied mainly by
the hypoglossal nerve.

Anomalies of tongue development are usually
associated with other abnormalities of branchial
arch development, but in addition to lingual thy-
roid and lingual cysts due to thyroglossal duct
remnants (see above), isolated abnormalities may
occur such as abnormal fusion of the lateral
tongue buds resulting in a cleft tongue.

10.2.7 Thyroid Gland

The thyroid gland forms from the pharyngeal
endoderm, originating as the thyroid diverticulum
which is initially connected to the tongue base by
the thyroglossal duct. The duct then normally atro-
phies with associated thyroid descent. Persistence
of elements of the thyroglossal duct may result in a
pyramidal thyroid lobe inferiorly, ectopic thyroid
gland, such as lingual thyroid, superiorly and thy-
roglossal duct remnants and cysts anywhere along
the course of the tract in the midline of the neck.
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10.2.8 Ears

The ears form from the otic placodes, bilateral
areas of ectoderm that invaginate into the otic
vesicles from which the inner ear structures of
the cochlea and semicircular canals develop.
The middle ear and Eustachian tube are endo-
dermally derived from the first pharyngeal
pouch, with the ossicles formed from the first
and second pharyngeal arches (see above). The
external auditory meatus and tympanic mem-
brane are formed from the first pharyngeal cleft,
whereas the auricle is formed from six auricular
nodules (hillocks) from the first and second pha-
ryngeal arches. In this manner, the ears are nor-
mally “low set” in the neck region in early
embryonic life, but their normal position is
attained with development of the other facial
structures.

10.2.9 Eyes

Lateral outpouchings of the forebrain form the
optic vesicles, which interact with the overlying
ectoderm. In conjunction with the surrounding
mesenchyme, which contributes to the choroid
and sclera, these elements form the globe of the
eye and anterior structures such as the lens and
cornea. Recent understanding of the molecu-
lar interactions involved in eye development
has demonstrated a complex communication
between the various epithelial/mesenchymal
components, with PAX6 being a major gene
involved [2].

10.2.10 Teeth

The teeth are derived from a complex interaction
between the ectoderm of the oral region and
underlying neural crust mesenchyme. The epi-
thelium initially forms dental buds that then
develop into the tooth caps and subsequent outer
layers by differentiation to ameloblasts, whereas
the neural crest mesenchyme forms the central
dental papilla and underlying odontoblasts and
cementoblasts.

10.3 Approach to Autopsy
Assessment of the Head
and Face

Whilst defects of embryogenesis as discussed
above are malformations (structural abnormali-
ties arising as a direct result of an abnormal
developmental process), facial abnormalities
may also be deformations (structural abnormali-
ties arising from localised or generalised mechan-
ical forces acting on a forming anatomical
structure) or disruptions (secondary destruction
of an organ or structure that was previously nor-
mally formed). When assessing such abnormali-
ties, it is therefore important to bear in mind the
etiology of the pathology present and distinguish
between a sporadic disruption and a malforma-
tion with significant recurrence risk. For exam-
ple, a cleft-like disruption due to amniotic band
sequence implies different future implications
than orofacial clefting in an autosomal recessive
syndrome with a 25 % recurrence risk.

For the majority of prenatally identified facial
abnormalities, post-mortem assessment is
straightforward, requiring direct visualisation
and photographic confirmation only in most
cases (Figs. 10.4 and 10.5). However, it should be
recognized that changes that occur following
death, especially with prolonged intrauterine

Fig. 10.4 Upslanting palpebral fissures, prominent epi-
canthal folds, poorly developed nasal bridge, long phil-

trum and micrognathia in possible Pallister-Hall
syndrome. Post-mortem photography enables clinical cor-
relation of findings with antenatal data in difficult cases
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Fig. 10.5 Assessment of
the fetus in this case
reveals marked
hypertelorism with an
obvious central cleft lip
and palate and minimal
nasal development.
Karyotyping revealed the
presence of triploidy

Fig. 10.6 Maceration following 7 weeks intrauterine
retention

retention, may lead to secondary alterations to
facial appearances making interpretation of sub-
tle dysmorphic features impossible and even
making identification of more obvious anomalies
more difficult (Figs. 10.6 and 10.7).
Nevertheless, there are two areas in which
post-mortem assessment of such cases may pro-
vide additional clinically useful information.
Firstly, many facial abnormalities, such as facial
cleft, are associated with underlying multisystem
syndromic disorders (Table 10.1). For some of
these conditions, the associated abnormalities in
other systems may be subtle and difficult to detect
antenatally (such as trachea-esophageal fistula
or imperforate anus); therefore, detailed autopsy
examination can confirm an isolated facial anom-

Fig. 10.7 Maceration following 5 weeks intrauterine
retention

aly or suggest a specific underlying syndromic
disorder which may significantly influence recur-
rence risk and management of future pregnancies.
Secondly, facial anomalies may be associated
with underlying central nervous system (CNS)
malformations, the accurate identification of
which may be optimal post-mortem, particularly
with the use of ancillary investigations such as
post-mortem magnetic resonance imaging (MRI),
which can reliably identify CNS anomalies even
in cases in which formal neuropathological exam-
ination is not possible due to maceration and
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Fig.10.8 Posterior midline cleft palate may not be easily
appreciated on antenatal ultrasound but can be detected
with a thorough external examination at autopsy

autolysis or for cases in which the parents do not
agree to invasive autopsy [1]. Furthermore, post-
mortem imaging with modalities such as comput-
erised tomography (CT) or MRI allows highly
accurate 3-D reconstructions of the facial anat-
omy in a nondestructive manner, allowing mor-
phometric analysis possible. This approach is
likely to be of significant future benefit for the
objective evaluation of more subtle facial dysmor-
phic features. Finally, whilst most facial anoma-
lies are readily visible externally, it should be
recognized that some malformations, such as iso-
lated posterior cleft palate, may be more difficult
to recognize on routine antenatal sonography, and
a noninvasive evaluation should be performed
where possible even in cases where parents do not
agree to invasive autopsy (Fig. 10.8).
Post-mortem assessment of the fetal head and
face should be performed in a systematic manner
and usually begins with global assessment of the
shape of the head and face. For example, frontal
“bossing” is a term used to describe unusual
prominence or protrusion of the frontal bone; this
may be seconary to craniosynostosis but can also
arise due to increased extramedullary haemato-
poiesis. Similarly, a “cloverleaf’-shaped skull
may be associated with an underlying skeletal
dysplasia or synostosis syndrome; bi-temporal
hollowing has been described in association with
lissencephaly, particularly in Miller-Dieker and
Norman-Roberts syndromes [9].

Fig. 10.9 Severe midface hypoplasia in association with
Apert syndrome. Post-mortem photography assists with
the demonstration of such findings to the clinical team

Midface hypoplasia and maxillary hypoplasia
are essentially equivalent terms used to describe
underdevelopment of the maxillary area, leading
to apparent prominence of the lower jaw and
abnormal facial profile. Midface hypoplasia may
involve the dentoalveolar area or the whole of the
midface and is a feature of craniosynostosis syn-
dromes such as Apert syndrome and Crouzon
syndrome (Fig. 10.9).

Examination of the eyes begins by taking
into account their size, shape and relationship
to each other. These factors can be assessed
by measuring the inner and outer canthal dis-
tances as well as the interpupillary distance.
Telecanthus refers to an increased inner can-
thal distance in the presence of a normal inter-
pupillary distance. Telecanthus may occur as
a result of trauma or arise as part of numerous
genetic syndromes, including fetal alcohol and
Cri du Chat syndromes. Ocular hypertelorism
describes increased inner canthal and inter-
pupillary distance, which may be present in
numerous syndromes such as 22q11.2 deletion
and Crouzon syndromes. Ocular hypotelorism
by contrast indicates decreased inner canthal
and interpupillary distances and is associated
with syndromes including Meckel-Gruber
and holoprosencephaly and can be caused by
abnormalities in the sonic hedgehog pathway
[10]. The palpebral fissure refers to the ellipti-
cal space of the eye itself, the angle of which
defined by the positions of the lateral and
medial canthi. Slight variation in the angle of
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the palpebral fissures can be hereditary or asso-
ciated with ethnicity; however, several syn-
dromes are associated with marked alterations
of this angle. For example, upslanting palpe-
bral fissures are described in Down syndrome
and 22qll1.2 deletion, whilst downslanting
palpebral fissures are associated with Treacher
Collins, Nager, Carpenter and Rubinstein-
Taybi syndromes. The eyelids and globes
should also be closely inspected for notches
(coloboma) and abnormalities of the lashes.

The ears should be assessed for their posi-
tion, rotation and development. Position is dif-
ficulttoassessin first- and early second-trimester
fetuses, and with marked maceration but defi-
nite abnormalities of position, development or
rotation may be associated with numerous syn-
dromes. The most common abnormality of
position is “low-set” ears, relative to the posi-
tion of the lateral canthus of the eyes, but sim-
plification of the external ear, small ears
(microtia) and anteriorly or posteriorly rolated
ears have been described.

Assessment of the mouth and oral cavity
includes its position and size. The philtrum
length may be elongated or shortened, whilst
there may be an enlarged mouth and tongue in
overgrowth syndromes. Conversely, microsto-
mia may be associated with Freeman-Sheldon
and Moebius syndromes. Cleft lip and palate are
previously described and may be syndromic or
non-syndromic, with both environmental and
genetic factors (such as teratogens, chromo-
somal rearrangements) contributing to the
development of this pathology, although no spe-
cific gene group has as yet been identified [11].

Dental abnormalities may be associated with
anomalies of pharyngeal arch formation, such as
Treacher Collins syndrome, but also in a range of
conditions such as ectodermal dysplasias.
Assessment of the jaw may demonstrate progna-
thism or micrognathia, though careful assess-
ment of the midface should be made to avoid
misinterpreting a normal jaw for prognathism in
the context of maxillary hypoplasia. Micrognathia
is a component of many syndromes and may vary
from a relatively subtle abnormality to complete
absence of the jaw (agnathia).

10.3.1 Tumors

Congenital facial tumors are rare but may dem-
onstrate a range of unusual appearances on ante-
natal imaging, and hence their specific diagnosis
often requires post-mortem evaluation. In view of
the often complex anatomical changes, post-
mortem imaging may be helpful [14]. By far, the
most common congenital facial tumor is tera-
toma, which is thought to be derived from ectopic
germ cells [17]. Teratomas usually arise in the
midline and at this site may be truly intracranial,
displacing the brain within the skull vault or aris-
ing from the floor of the mouth (epignathus) or in
the neck, usually arising within the thymus.
Histological evaluation demonstrates the charac-
teristic mixture of elements derived from all three
germ layers, usually containing immature tissues
in this context [8]. Facial vascular malformations
and hemangioma are also well described, but
their diagnosis is often more easily possible
sonographically and less commonly associated
with poor outcome [3]. A range of other tumors
types have been rarely reported, including cuta-
neous and soft tissue tumors, and even congenital
malignancies, such as congenital orbital rhabdo-
myosarcoma [18, 19], though the commonest
malignant ocular tumor in children is retinoblas-
toma [5].
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Postnatal Management of Cleft Lip

and Palate

11

Fabio Xerfan Nahas, Natasha Sallum,
and Lydia Masako Ferreira

11.1  Introduction

Cleft lip and palate are the most common causes
of facial malformation, with an approximate inci-
dence of 1 in 1250 live births [1, 2]. The high
incidence of this malformation is due to the sen-
sitivity of the cells of the face to teratogenic
events.

The birth of a child with facial cleft results in
a strong emotional reaction by the parents. Very
early correction of the defect, even during the
same hospital stay as the birth, may be desired by
the parents. This treatment is adopted by some
surgeons and is seen as a strategy to improve the
family’s experience when a child is affected with
a facial congenital deformity.

However, most surgeons prefer to delay cor-
rection of these defects until the child is at least
3-6 months of age when the structures are larger
and more readily identifiable [3].

11.2 Embryology

Understanding of the development of the cleft lip
and palate can be obtained from the knowledge
of the embryological structures from which the
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facial bones and soft tissues originate (Table 11.1
and Fig. 11.1).

11.3 Diagnosis

Except for some posterior palate clefts hidden by
a mucosal union between the left and right sides,
facial clefts may be diagnosed by prenatal ultra-
sound. The upper lip and palate can be visual-
ized, and an eventual loss of continuity of the
tissues can be detected [4].

11.4 Classification

There are many classifications of face and palate
clefts in the literature. One of the most used is the
one described by Kernahan [5] that classifies the
labial palate clefts using the shape of the letter “Y.”
The center of the “Y” is represented by the incisive
foramen. A simple classification of the labial palate
clefts can be seen as follows (Table 11.2).

The ideal timing for surgical correction of
cleft lip and palate is at the following ages:

e Primary cleft lip correction: from 3 to 6
months

e Primary palatoplasty: from 18 to 24 months,
before the development of the speech

e Alveolar bone graft: around 12 years old
Rhinoseptoplasty: after 16 years old

¢ Orthognathic surgery: after 16 years old
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Table 11.1 Embryological origin of facial bones and
soft tissues

Embryological Anatomical

structure area Anatomical structures
Nasal Primary Premaxilla
prominence palate Anterior septum
Upper lip
Maxillary Secondary  Hard palate (posterior to
prominence palate the incisive foramen?)
Soft palate
Uvula

2The incisive foramen separates the primary and the sec-
ondary palates

Fig. 11.1 Bilateral cleft lip (preforamen cleft). The pho-
tograph shows the embryological differentiation of the
structures formed by the primary and secondary palates

Table 11.2 Classification of the labial palate clefts

Cleft Lip Complete Right
Palate Incomplete Left
Lip and palate Bilateral

11.5 Clinical Aspect - Breast
Feeding

Most children with cleft lip and/or cleft palate
can breastfeed normally, although some may
experience difficulties. When the nasal cavity

communicates with the oral cavity, there is less
negative pressure that is able to be created within
the mouth during the infant’s suck and therefore
the suction that is necessary for breastfeeding
may not be adequate. Nevertheless, allowing
these children to attempt breastfeeding seems to
be the best strategy [6]. Because breast tissue is
more flexible compared to bottles, allowing some
sealing of the communication between cavities,
breastfeeding may be possible.

However, breastfeeding should be avoided in
syndromic patients, those with associated mal-
formations or other severe conditions, and also
patients with neurologic complications. Infants
with a soft prolabium may experience a prola-
bium fracture during breastfeeding. These chil-
dren are candidates to alternative feeding
techniques such as the use of bottles and cups.

11.6 Surgical Treatment

Surgical technique depends on whether (1) the cleft
is unilateral or bilateral, (2) the cleft is restricted to
the lips or if the palate is also involved, and (3) any
associated malformations are present. It may be
possible for surgical correction to be performed
concurrently with other necessary surgeries.

11.6.1 Cleft Lip Correction

A well-performed surgery closes and aligns the tis-
sue and also allows future facial growth. There are
some anatomical parameters to be considered: the
orbicularis oris muscle, the dry and wet vermilions,
nasal alae, and the nasal floor. In the first operation,
modern patient management includes the reposition-
ing of the ipsilateral nasal alar cartilage and the use
of a vomer flap for nasal floor closure (Fig. 11.2).

11.6.2 Lip Adhesion

This operation is indicated in cases of bilateral
cleft lip when alignment of the orbicularis oris
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Fig. 11.2 (a) Preoperative and (b, ¢) postoperative photographs of a cheiloplasty on a patient with an incomplete cleft
lip. As this patient presented with an incomplete defect, no nasal floor was needed

muscle is not also performed. When the child is
older, the muscle alignment is done in another
procedure [7].

11.6.3 Palatoplasty

In a conventional palatoplasty, a closure in two lay-
ers should be performed to close the defect: on the
nasal floor and the oral mucosa. The velar muscles
are located between the nasal floor and the oral
mucosa. These muscles are typically dystopic and
not correctly inserted in patients with cleft. Correct
velar muscle alignment (intravelar veloplasty) is
mandatory on primary palatoplasties (Fig. 11.3).

11.6.4 Alveolar Bone Graft

Cleft lip and cleft palate patients may present
with a gap in the maxillary bone. Most surgeons
harvest iliac crest bone grafts to reestablish the
maxillary contour to allow a secondary orthodon-
tic treatment.

11.6.5 Rhinoseptoplasty

This operation corrects septal deviation and the
nasal asymmetry secondary to unilateral cleft lip
and palate. Surgery includes columellar elonga-
tion on bilateral defects [8].
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Fig. 11.3 (a) Preoperative and (b) immediate postoperative photograph of a posterior palatopathy. Surgery includes
closure of the nasal and oral layers and repositioning of the velar muscles

11.6.6 Orthognathic Surgery

Cleft palate patients commonly present with
maxillary hypoplasia. Surgery includes lateral
expansion of the maxilla, maxillary advance-
ment, or both. To reestablish normal dental occlu-
sion, a mandibular surgery may be necessary
(combined with orthognathic surgery).

11.7 Complications
11.7.1 Palate Dehiscence

Dehiscence of the palate occurs for two main rea-
sons: (1) as a consequence of poor surgical tech-
nique, when sutures are placed under tension or
when a single layer closure is used; and (2) due to
inadequate postoperative care, such as when solid
food is offered in the immediate postoperative
days or when pacifiers or baby bottles are used.
Dehiscence also occurs due to tissue ischemia
and devascularization of the palate, which may
be caused by injury of the vascular pedicle of the
palate or occur due to individual systemic factors,
such as malnutrition and anemia (Fig. 11.4).

K YT E Ll

i '1?"!”@.

Fig. 11.4 Photograph of a patient with a prior posterior
palatoplasty who presented with a dehiscence posterior to
the velar muscles on the soft palate
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Fig. 11.5 (a) Preoperative and (b) postoperative photographs of a patient who underwent a unilateral secondary chei-
loplasty. An improved orbicular alignment is seen postoperatively

11.7.2 Loss of Alignment
of the Cheiloplasty

When this complication occurs, a second cheilo-
plasty can be performed when the child is older
with the goals of obtaining a better aesthetic
result and improving function of the upper lip
(Fig. 11.5).

11.7.3 Velopharyngeal Insufficiency

Velopharyngeal insufficiency is a complication
of palatoplasties. It may occur for two reasons:
lack of alignment of the velopharyngeal sphinc-
ter or malfunctioning of the same sphincter.
On clinical exam, hypernasal speech is noted and
the diagnosis can be confirmed by nasolaryngos-
copy. A secondary surgery to improve speech,
such as pharyngoplasty, may be necessary.

11.8 Multidisciplinary Care

A multidisciplinary team that includes a nurse,
pediatrician, geneticist, ENT (ear, nose and
throat) specialist, odontologist, and speech
therapist is necessary to provide comprehensive

medical care for these patients. Some of these
providers will follow the children as they grow.

11.8.1 Nurse

At the hospital after birth, nurses, or possibly lac-
tation consultants, should provide information
regarding breastfeeding including techniques to
be applied to a newborn with a cleft. Frequently,
the nurse will be the first educator before a spe-
cialized cleft team is introduced to the family.

11.8.2 Pediatrician

Pediatricians are essential to follow these chil-
dren over time to assess growth and for the devel-
opment of other issues that may require referral
to other professionals.

11.8.3 Geneticist

All family members should be evaluated for
abnormalities that may be a part of syndromes
associated with cleft lip/palate. In counseling the
family, it is important to emphasize that clefts can
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be an isolated event but may appear as a part of
syndromes or genetic conditions.

11.8.4 ENT

When the child with a cleft does not have his/her
anatomy surgically corrected, he/she is more prone
to develop upper respiratory tract infections.
Tonsillectomy may be necessary in some cases.
Tonsillectomy can be performed with palatoplasty
with the goal of reducing the escape of air.

11.8.5 Odontologist

Odontologists are very important members of the
team because tooth decays occur more frequently
in patients with buccal respiration, which is very
commonly seen in cleft patients. Dental extraction
is sometimes necessary in patients undergoing
palatoplasty and alveoloplasty. These patients also
require frequent adjustments in the dental arch.

11.8.6 Speech Therapist

An anomalous insertion of the velopharyngeal
sphincter may lead to escape of air and

hypernasal speech. Even after sphincter correc-
tion (intravelar veloplasty), the sphincter may
not work adequately for a period of time. In
these cases, the child’s speech may have a tran-
sition period and follow up with a speech thera-
pist is necessary.
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12.1 Introduction

Binder syndrome, also called naso-maxillary
dysplasia or maxillo-nasal dysostosis, is a con-
genital malformation characterized by a “dish-
face” deformity and retruded flat nose [1]. The
first characterization of this syndrome was per-
formed by Zuckerkandl in 1882 who described
an anomaly of the anterior nasal floor in which
the normal crest that separates the nasal floor
from the anterior surface of the maxilla was
absent [2]. In 1939, Noyes described a patient
with a flat nasal tip sitting on a retruded naso-
maxillary base [3]. In 1962, Binder described the
syndrome in three cases that were characterized
by a short nose with flat bridge, a short columella,
an acute nasolabial angle, perialar flatness, a con-
vex upper lip, and “reverse overbite” (or class III
malocclusion) [4].
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Binder syndrome is a congenital malforma-
tion that is likely multifactorial in origin, although
the true etiology is unknown. It can occur as an
isolated syndrome; however, most cases are asso-
ciated with genetic conditions such as the Xp22.3
deletion [5] and cholesterol disorders [6]. This
syndrome also is associated with deficiency of
vitamin K [6], alloimmune maternal diseases
such as systemic lupus erythematosus [7], and
maternal exposure to warfarin and alcohol in the
first trimester of pregnancy [8, 9]. Malformations
of the cervical spine can occur in 50% of the
patients, typically involving a defective posterior
or anterior wall of the atlas or axis, fused verte-
brae, and persistence of the chorda dorsalis [10].
A separate odontoid process, spina bifida occulta,
and mild scoliosis and/or kyphosis also have
been described.

The incidence of Binder syndrome is
unknown, largely because it is usually misdiag-
nosed as X-linked chondrodysplasia punctata due
to the similarity in facial abnormalities. X-linked
chondrodysplasia punctata is a congenital disor-
der of bone and cartilage development caused by
a deficiency of the Golgi enzyme, ARSE, the
gene of which is located in Xp22.3 [11]. It is a
disorder that includes pulmonary disorders,
cervical spine compression, mental retardation,
strabismus, and ichthyosis [12]. Because it is
controversial whether Binder syndrome is a true
syndrome or a phenotype of abnormalities
involving the nasomaxillary regions [13], when
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prenatal ultrasound findings consistent with
Binder syndrome are seen, chondrodysplasia
punctata must be considered [14].

In this report, the clinical and facial ultrasound
features, as demonstrated by two-dimensional
(2D) and three-dimensional (3D) ultrasound, in a
case of Binder syndrome are presented. The main
prenatal ultrasound findings, differential diagno-
ses, prognosis, and management of this rare con-
dition are also reviewed.

12.2 Case Description

A 35-year-old primigravida was referred to one of
the authors (W.S.) at 27 weeks of gestation after
the detection of abnormal ultrasound findings at
the second-trimester anatomy scan. Her medical
and obstetric histories were unremarkable and the
current pregnancy was otherwise normal. Of note,
the first-trimester nuchal scan and an office ultra-
sound at 20 weeks were reported as normal.
However, a formal, detailed second-trimester
anatomy scan at 23 weeks revealed several abnor-
mal findings including a small-for-gestational age
fetus, reduced thoraco-abdominal size, scoliosis
with hemivertebrae, premature calcification of the
vertebral bodies, moderate short long bones, and
multiple epiphyseal calcifications of long bones.
Focused examination of the face revealed a
depressed nasal bridge and a small nose with
absent nasal bone. Borderline ventriculomegaly
was also noted. The tentative diagnosis of chon-
drodysplasia punctata was made. Chromosomal
analysis performed by amniocentesis revealed a
normal 46,XX karyotype. At 26 weeks, polyhy-
dramnios with a deepest pocket of 10 cm was
detected. At referral, the abovementioned find-
ings were confirmed. The placenta was posterior
in location and the amniotic fluid was increased
with a single deepest pocket of 9.2 cm consistent
with moderate polyhydramnios. The fetal face
was assessed with 2D and 3D ultrasound, demon-
strating nasal hypoplasia and severe depression of
the midface (Figs. 12.1 and 12.2). Fetal magnetic
resonance imaging at 30 weeks did not reveal
any additional clinical information. Subsequent
antenatal course was complicated by severe poly-

Fig.12.1 (a, b) Sagittal 2D ultrasound views of the fetal
profile show severe midfacial hypoplasia. Note the almost
absent nose and severe depression of the midface.
Moderate polyhydramnios was also present

hydramnios requiring three amnioreductions.
However, during the last procedure performed at
32 weeks, the fetus developed severe bradycardia
requiring an emergency cesarean section and a
female infant with low Apgar scores weighing
1115 and measuring 33 cm was delivered. The
newborn infant depicted the classical facial fea-
tures of Binder syndrome (Fig. 12.3). Despite
intensive neonatal care, the infant died in the first
hours of life. Postnatal studies were not per-
formed. However, the mother was tested for seven
mutations of chondrodysplasia punctata (AGPS,
ARSE, EBP, GNPAT, IMPADI1, LBR, and PEX7)
by massive parallel sequencing and the results
were reported as normal.
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Fig. 12.2 (a, b) Three-dimensional surface-rendering
ultrasound view of the fetal face show the characteristic
features associated with the Binder phenotype

12.3 Prenatal Diagnosis

Binder syndrome has rarely been diagnosed
during the prenatal period. Cook et al. [15]
described a case diagnosed at 21 weeks of ges-
tation during the routine second-trimester scan.
2D ultrasound identified nasal hypoplasia with
reduced nasofrontal angle and mild hyper-
telorism. The karyotype was normal (46,XY).
After discussion with geneticists, the leading
differential diagnosis was Binder syndrome.

Fig. 12.3 Photograph of the neonate (with permission
from the parents)

After counseling, the parents decided to termi-
nate the pregnancy and postmortem examina-
tion confirmed the facial dysmorphism, flat
midface, mild hypertelorism, atresia of the right
choanus, and stenosis of the left choanus. In this
case, the suspicion of Binder syndrome was
based on the flat nose as the primary abnormal-
ity, in contrast to other syndromes that usu-
ally are associated with multiple other
malformations.

Cuillier et al. [16] described a case of Binder
syndrome at 24 weeks of gestation. The routine
second-trimester ultrasound demonstrated nasal
hypoplasia with reduced naso-frontal angle. 3D
ultrasound in rendering mode enhanced visual-
ization of the abnormal facies. The karyotype
was normal (46,XX). After discussion with
geneticists and neonatologists, the main diag-
nostic hypothesis was Binder syndrome. The
parents decided to continue the pregnancy and
delivery occurred at 37 weeks of gestation. The
neonatal exam confirmed the prenatal ultrasound
findings.
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In the largest case series of prenatal diagnosis
of Binder syndrome, Levaillant et al. [11]
described eight fetuses with Binder syndrome
characteristics using both 2D and 3D ultrasound.
The gestational age at diagnosis ranged from 22
to 31 weeks. All fetuses presented with vertical-
ized nasal bones and abnormal convexity of the
maxilla, consistent with the Binder profile
appearance. Association with chondrodysplasia
punctata was noted in five cases and one case was
associated with exposure to warfarin in the first
trimester of pregnancy.

As mentioned above, some authors consider
Binder syndrome as a phenotype of chondrodys-
plasia punctata. Benaicha et al. [17] described a
case of the prenatal diagnosis of chondrodyspla-
sia punctata at 30 weeks of gestation that pre-
sented with flat nasal bridge and polyhydramnios
with Binder profile. The karyotype was normal
(46,XY). Furthermore, the ultrasound exam
showed stippling of the vertebrae, coccyx, proxi-
mal femora, and tarsal and carpal bones with tri-
angular  hypoplastic  tufts  suggestive of
brachytelephalangic  type. The  postnatal
radiographic exams confirmed the prenatal diag-
nosis. Brachytelephalangic chondrodysplasia
punctata is an X-linked inherited form and is
caused by mutations in the arylsulfatase E gene
and usually has a more favorable prognosis
because psychomotor development is normal.

Boulet et al. [14] described another case of
prenatal diagnosis of brachytelephalangic chon-
drodysplasia punctata performed at 23 weeks of
gestation after the ultrasound exam revealed fetal
midface abnormalities compatible with Binder
phenotype and punctation of the upper femoral
epiphyses. 3D computed tomography performed
at 30 weeks of gestation confirmed the ultrasound
diagnosis suspicion. Screening for Xp22 deletion
and for maternal lupus was negative. Delivery
occurred at 35 weeks and the postnatal radiology
exam confirmed the Binder phenotype. On fol-
low-up at 6 months, the psychomotor develop-
ment was normal.

In another case of prenatally diagnosed
brachytelephalangic chondrodysplasia punctata,
ultrasound examination at 32 weeks of gestation
showed polyhydramnios associated with Binder

phenotype and low-set ears, thoracic hypoplasia,
finger contracture, and cervicothoracic kyphosis.
The karyotype was normal (46,XY). Magnetic
resonance imaging demonstrated spinal canal
stenosis with cord compression at the upper cer-
vical level as well as a kyphotic deformity at the
cervicothoracic junction. Delivery occurred at 34
weeks of gestation and the radiological exam
confirmed brachytelephalangy of the hands.
Computed tomography and magnetic resonance
imaging confirmed the atlanto-axial subluxation
with spinal cord compression [18].

12.4 Differential Diagnosis

The differential diagnosis of Binder syndrome
includes other facial disorders, most of which are
usually associated with genetic disorders
(Table 12.1). Binder syndrome should be sus-
pected when prenatal ultrasound identifies a low
flat nasal bridge. Chondrodysplasia punctata is
also associated with scoliosis and asymmetrical
shortening of the limbs. Robinow syndrome is
associated with short forearms, clinodactyly, and
macrocephaly. Aarskog syndrome is associated
with brachycephaly and clinodactyly of the 5th
finger. Crouzon syndrome is associated with cra-
niosynostosis and short occipital-frontal diame-
ter. Apert syndrome is characterized by irregular
craniosynostosis, short occipital-frontal diame-
ter, flat occiput, ventriculomegaly, and syndac-
tyly. Rudiger syndrome presents with short digits
and talipes [19, 20]. Keutel syndrome is charac-
terized by calcification and/or ossification of the
cartilage in the external ears, nose, larynx, epi-
glottis, thyroid, trachea, ala nasi, and ribs; this
syndrome also presents with peripheral pulmo-
nary stenosis, sensory hearing loss, and border-
line-to-mild mental retardation [21].

12.5 Management and Prognosis

When a prenatally diagnosed abnormality
prompts fetal magnetic resonance imaging on
which cervical spinal canal stenosis is identified
in utero, delivery planning can be performed that
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Table 12.1 Differential diagnosis in fetuses with sever midfacial hypoplasia

Other Features Inheritance
AR/AD

Short forearms AD

Clinodactyly

Macrocephaly

Brachy-/clinodactyly X-linked recessive

of the 5th finger

Short digits AR

Osteo-chondrodysplasia AD

Talipes

Scoliosis X-linked dominant

Asymmetrical shortening of limbs

Syndrome Facial Features
Binder Flat midface
Nasal hypoplasia
Robinow Flat face
Hypertelorism
Aarskog Flat nose
Hypertelorism
Rudiger Flat nasal bridge
Stickler Facial cleft
Flat face
Micrognathia
CDP Nasal hypoplasia
Apert Flat nose
Maxillary hypoplasia

Craniosynostosis
Flat occiput
Syndactyly

AD

CDP chondrodysplasia punctata, AR autosomal recessive, AD autosomal dominant

may prevent adverse perinatal outcomes such as
lower Apgar scores, respiratory distress with aci-
dosis, and temperature dysregulation during the
neonatal period [12, 18]. However, the diagnosis
of Binder syndrome is typically made in the neo-
natal period by the neonatology exam identifying
the following characteristic facial features: mid-
face hypoplasia, convex upper lip, broad phil-
trum, crescent-shaped nostrils, and a deep fold or
fossa between nose and upper lip. Radiologic
exams are essential to confirm the facial anoma-
lies. In adolescence or adulthood, the typical
facial features can become less prominent or dis-
appear, and the diagnosis of this syndrome may
not be able to be performed. Older patients may
sometimes show terminal phalangeal hypoplasia
of the hand, though only in some digits [16].
The management of Binder syndrome differs
with the degree of facial bone abnormalities. The
prognosis of a fetus diagnosed with Binder syn-
drome by prenatal ultrasound is generally good.
The face can be structurally modified by plastic
surgeries and orthodontic treatment. The nose can
be significantly lengthened and enlarged through
a frontal craniotomy incision connected with an
upper buccal sulcus incision, without any incision
on the face [22]. The nose may also be modified
with only costal cartilage grafts using a combined
oral vestibular and external rhinoplasty approach

[23]. The use of serial silicone implants to expand
the nasal soft tissue before definitive costochon-
dral reconstruction has also been described [24].
Le Fort II osteotomy may correct the midface
deficiency and the class III occlusion which is
observed in 15% of patients with Binder syn-
drome [25]. With growth of the child, the face will
develop into a normal profile [23]. Although men-
tal retardation has been described [12], intelli-
gence is most often normal in Binder syndrome.

Conclusions

Binder syndrome is a rare congenital anomaly
of heterogeneous etiology. It is characterized
by a short nose with flat bridge, a short colu-
mella, an acute nasolabial angle, perialar flat-
ness, a convex upper lip, and a tendency to
angle class III malocclusion. The prenatal
diagnosis is possible when the Binder pheno-
type, usually in association with polyhydram-
nios, is identified in the second or third
trimester of pregnancy. The prognosis is usu-
ally good; mental retardation is rare. The face
can be surgically corrected by plastic and
orthodontic  surgeries during childhood.
Nevertheless, as demonstrated by the case
presented here, the prognosis can be poor if
increasing polyhydramnios leads to severe
preterm delivery.
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Atypical Facial Cleft Detected

13

by Prenatal Scan and Confirmed
by Postmortem Reconstructive
Computed Tomography (CT REC)

Inbal Dona Amar, Yaakov Melcer, Rebecca Cohn,

and Ron Maymon

13.1 Introduction

Fetal facial clefts are among the most common
congenital anomalies. They develop as a result of
both genetic and environmental influences and
have a prevalence of about 1:500 to 1:1000 live
births [1-4]. The common forms of cleft lip (CL),
cleft palate (CP), and cleft lip and palate (CLP)
involve disruption of tissue planes above the lip
going through the nares and/or the palate.

Two distinct embryological pathways underlie
the pathogenesis of facial clefts. First, CL is most
commonly unilateral and may be associated with
a cleft of the ipsilateral alveolus. Any cleft ante-
rior to the incisive foramen, which may involve
only the lip or both the lip and the alveolus, is
considered a cleft (complete or incomplete) of
the primary palate. This terminology is useful
when detecting forms of cleft seen antenatally,
since differentiating between the types of clefts
has implications on fetal prognosis. Second, a CL
can be associated with a cleft of the secondary
palate when the defect continues posterior to the
incisive foramen.

1.D. Amar ¢ Y. Melcer ¢ R. Cohn ¢ R. Maymon (<))
Ultrasound Unit, Department of Obstetrics and
Gynecology, Assaf Harofeh Medical Center,
Zerifin, Israel

Sackler School of Medicine, Tel Aviv University,
Tel Aviv, Israel
e-mail: maymonrb@bezeqint.net

© Springer International Publishing Switzerland 2017

Accordingly, a cleft is defined by both its
location and its laterality (unilateral, bilateral,
or midline). CL alone occurs in 25 % of cases of
cleft, CLP in 51 % of cases, and isolated CP in
24 9% of cases [5]. Tessier [6] published an ana-
tomic classification of facial clefts involving the
mouth, maxilla, eyes, nose, and forehead. This
classification may also extend to the viscerocra-
nium and the neurocranium and may be labeled
as an oro-occular cleft and fronto-nasal dyspla-
sia. They are numbered from O to 14 based on
the extension of the cleft and are divided into
4 groups: median, para-median, orbital, and
lateral.

About 70 % of cases of CLP appear as unique
entities without other obvious cognitive or
structural anomalies and are termed “isolated,
non-syndromic CLP”. The other cases are com-
posed of a large variety of malformation syn-
dromes, including chromosomal abnormalities,
syndromes secondary to teratogen exposure,
and over 500 Mendelian syndromes. Therefore,
it is preferred to describe the etiology of CLP as
multifactorial, involving both genetic and envi-
ronmental factors. In terms of environmental
exposure, maternal smoking is known to be an
important risk factor associated with CLP [7].
Moreover, certain teratogens such as valproate
[8] are associated with CP. Furthermore, stress,
ionizing radiation, maternal obesity, and
infection have been studied as contributing fac-
tors to the development of CLP [9].
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While isolated clefts demonstrate low perina-
tal mortality and morbidity and primarily pose
functional and esthetic problems postnatally,
complicated clefts that involve the alveolus or the
palate are associated with a much worse progno-
sis [10]. Children born with complicated facial
clefting face unique challenges including diffi-
culties related to feeding, speech and language
development, and social integration [1].
Therefore, they require a larger number of surgi-
cal corrective procedures in comparison with
those having cleft lip alone, and their follow-up
more often involves additional orthodontic and
orthophonic treatment [11, 12]. Thus, CLP is a
source of considerable morbidity and poses a
substantial financial burden for families, in addi-
tion to having societal consequences [13].

13.2 Case Description

We report a case of a 36-year-old primigravida
with an unremarkable medical history and no
parental consanguinity. Nuchal translucency and
first-trimester fetal anomaly scans were reported
to be normal as well. She was referred to our
ultrasound unit at 24 weeks of gestation after a
CLP was diagnosed during the mid-trimester
anomaly scan using two-dimensional (2D) ultra-
sound. No other fetal anomalies or abnormal
findings were seen on the prenatal scan.

We performed a three-dimensional (3D) ultra-
sound study, which allowed for visualization of
the facial structures demonstrating a unilateral
left CL involving the skin and the subcutaneous
tissue (Fig. 13.1a). The 3D ultrasound skeletal

Fig. 13.1 Representative images of the fetus and the
postmortem findings. Prenatal 3D ultrasound in surface-
rendering mode of the fetal face shows a wide, left-sided
cleft lip with malformation of the ipsilateral eye (a). Same
case using HDLive™ mode (b) and (c¢) skeletal mode.

Postmortem findings show cleft lip and cleft palate (d, e).
CT scan in 3D skeletal mode (f). Same modality showing
cleft palate and the deformation of the maxillary bone (g).
Volume reconstruction using 3D CT scan shows the bony
defect of the palate (h)
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Suspected orofacial cleft anomaly during nuchal
translucency at 11-13 gestational weeks?

> [Lovrse

|

High risk

|

weeks

Target 2D/3D US scanning at 20-24 gestational

E— Normal

|

|

Target scanning of the following structures:
orbit, nares, ears and brain

T
= ww

Genetic counseling and genetic tests
Karyotype and/or Chromosomal microarray (CMA)

/\

Normal test results ‘

l

’ Abnormal test results ‘

Consider termination of
pregnancy upon patient request

/

Multidisciplinary team counseling including perinatologist,
plastic surgeon, ENT specialist, ultrasound and PMRI examinations

— > | Follow up scan

Fig. 13.2 Diagnostic flowchart to be used in obstetrics
practice in case a fetus with suspected orofacial clefting is
detected by prenatal ultrasound. *According to Martinez-

mode and the HDLive™ mode demonstrated that
the cleft involved the maxillary bone and the base
of the orbit, resulting in distortion of a significant
portion of the left hemiface (Fig. 13.1b, ¢). In the
current case, the prenatal diagnosis corresponded
to Tessier number 4 [6]. A multidisciplinary team
including geneticists, a perinatologist, ear, nose
and throat (ENT) specialists, and plastic surgeons
were gathered in order to discuss the patient’s
options and advise the couple about postnatal
complications. The team concluded that major
surgical and rehabilitative interventions would be
required in the postnatal period (Fig. 13.2).

The patient requested legal termination of the
pregnancy, which was approved by a special

Ten et al. 2012 [17] and Tonni et al. 2013 [15]. *In selected
cases

committee in accordance with our national law.
Termination of pregnancy was conducted at 26
weeks of gestation and postpartum findings con-
firmed the prenatal diagnosis (Fig. 13.1d, e). The
couple signed a consent form for postmortem
pathological examination. A postmortem skeletal
CT scan demonstrated a missing part of the
maxillary bone on the left side causing a defor-
mation of the left orbit base (Fig. 13.1f, g). A
reconstructive computed tomography (CT REC)
was also conducted, which demonstrated a left
unilateral CLP extending to the level of the left
orbit, but without involving it (Fig. 13.1h). This
correlated well with the macroscopic evaluation
of the abortus.
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13.3 Discussion

The embryological pathways underlying facial
clefting are well characterized. CL always begins
at the lip and extends dorsally to various degrees
(alveolus, hard palate, soft palate). CP is charac-
terized as a cleft in the alveolar ridge or primary
palate. CP always begins at the uvula and extends
anteriorly through the midline, involving either
the soft palate only or both the soft and hard pal-
ates. The lip usually fuses by 8 weeks of gesta-
tion and the palate by 12 weeks of gestation. On
prenatal scan, CL is best visualized in the coronal
plane and the alveolus is best viewed in the trans-
verse plane. Sagittal views of the fetal head may
show abnormalities, especially if the CLP is
bilateral or midline and not unilateral.

A large Italian study [3] suggested that the best
period for detecting facial defects is between 18
and 23 weeks of gestation, the same optimal
period for the detection of major malformations in
general as recommended by international ultra-
sound societies. However, early detection at
13-14 weeks of gestation by transvaginal sonog-
raphy has been reported by Bronshtein et al. [14].
Recently, Tonni et al. [15] have evaluated facial
clefting at 11-14 weeks of gestation using a novel
3D ultrasound technique, which reformats the ret-
ronasal triangle (RNT) [16]. Using the virtual
navigation of the fetal palate with 3D ultrasound
seems to be an accurate modality for diagnosis of
clefting in the first trimester of pregnancy [17].

The success of ultrasound screening for CLP
differs extensively among series. A Dutch study
[18] found that screening for orofacial clefts in a
low-risk population by transabdominal 2D ultra-
sound has a moderately low detection rate but
low false-positive diagnosis with a substantial
improvement in detection rate over time. Stoll
et al. [19] showed that a systematic method
improved the discovery rate of facial clefts from
5.3 % between the years 1979 and 1988 to 26.5%
between the years 1989 and 1998. Despite this,
the rate of prenatal diagnosis of isolated CP is
particularly low since a palatal defect will not be
visualized on the standard oblique view of the
face that is commonly used to assess the upper lip
and alveolar ridge. Shadowing of the palate by

the dense bony ridge makes the above visualiza-
tion difficult [20]. A novel marker for the diagno-
sis of isolated cleft palate is the “equals sign”
[21]. Due to the dome-shaped structure of the
palate, it cannot be visualized in its entirety by
2D ultrasound. Because CP always begins at the
uvula (uvula bifida as the mildest form) and con-
tinues anteriorly along the midline, the intact
uvula is used as an indicator for an intact palate.

Two different techniques are described to
identify the uvula. The first method is by obtain-
ing a coronal section through the neck and the
pharyngeal space, in which the uvula can be visu-
alized cranial to the epiglottis. The normal uvula
has a characteristic ultrasound appearance that
highly resembles an “equals sign” (two hyper-
echoic lines with a hypoechoic intermediate
space). Another method, which yields a higher
success rate, is to take a transverse section
through the head at the level of the thalamus. The
transducer is moved parallel to this plane cau-
dally until the nasopharynx is viewed centrally.
By moving the transducer further in the caudal
direction, the soft palate and the uvula are seen.

As a complementary tool to the conventional
2D ultrasound, 3D ultrasound has been intro-
duced in order to perform a more accurate
evaluation of orofacial malformations. The con-
ventional 3D ultrasound display consists of the
orthogonal display mode and the surface-
rendering mode. The former mode permits the
concurrent analysis of the three reference planes:
sagittal, axial, and coronal. The primary palate is
identified in the axial plane by visualizing the
two front tooth buds and by rotating the volume
for symmetric viewing of the anterior alveolar
ridge. Surface-rendering mode allows imaging of
the soft tissues of the face; this technique pro-
vides images that are very useful in counseling
parents about the nature of the malformation. In
addition, the maximum mode permits improved
imaging of the bony structures.

Viewing the hard and soft palates involves
manipulation of the orthogonal planes in the 3D
volume obtained on routine surface rendering of
the fetal face. A routine 3D sweep of the fetal
face in the surface-rendering mode allows visual-
ization of the skin and soft tissues of the face,
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including the lips. In the orthogonal planes within
the multiplanar display, the lips and the anterior
part of the palate may be evaluated. Further
manipulation of the 3D volume to obtain oblique,
axial, and sagittal planes permits evaluation of
the uvula, which serves as a good landmark for
guiding the examination of the soft and hard pal-
ates [22].

In 2003, an ultrasound technique called the
3D reverse face (3D RF) view was described by
Campbell and Lees [23], which aimed to over-
come problems of shadowing when evaluating
the fetal palate. This technique proved to be sim-
ple, rapid, and quite effective at visualizing the
palate and palatal defects. The fetal face is viewed
by obtaining a 2D ultrasound of the profile (or
near profile) and the volume box is adjusted to
include the entire facial outline and cranium. The
view bar is adjusted to deliver an optimized
surface-rendered image of the face. After the lips
are inspected, the view bar is scrolled until a view
of the alveolar ridge is achieved. In order to
achieve an unobstructed view of the retro-facial
area, a return to the frontal view of the face and a
180-degree rotation is made to obtain a coronal
plane. In this plane, the intact palate will usually
be seen as a distinct line separating the nasal and
oral cavity. The 3D RF technique is rapid and
highly effective from 20 weeks of gestation
onward. Attention should be paid to cases of
tongue protrusion through the defect that can
obscure the edges of the cleft. In addition, the
“flipped face” technique allows for evaluation of
the hard palate by obtaining a volume in the sag-
ittal plane, visualizing the profile, and then flip-
ping that profile on its head. After placing the
marker dot in the region of the palate, the palate
can be rendered with a narrow box. This yields an
axial image of the primary and secondary palates
[24].

Although ultrasound is the preferred diagnos-
tic modality of facial cleft diagnosis, its accuracy
may be limited by pathological conditions of the
fetus such as oligohydramnios, complex malfor-
mation syndromes, or maternal obesity. The tech-
nique is also highly operator dependent. Fetal
magnetic resonance imaging (MRI) is progres-
sively becoming a powerful additional technique

in the diagnosis of facial anomalies, particularly
since the introduction of ultrafast sequences that
minimize motion artifacts and offer excellent
spatial resolution [25]. MRI is capable of directly
visualizing the cleft and defining involvement of
the primary and/or secondary palate. In
T2-weighted sequences, the signal intensity of
the amniotic fluid swallowed by the fetus pro-
vides excellent visualization of the oropharynx,
therefore demonstrating involvement of the sec-
ondary palate in cases where the tongue would
otherwise impair evaluation. Moreover, MRI is
able to identify the direct communication
between the oral and the nasal cavities [26].

In summary, despite the different imaging
techniques available for prenatal diagnosis of
CL, CP, and CLP, this abnormality still remains a
diagnostic challenge. We propose a flowchart
(Fig. 13.2) for the evaluation of fetuses with
facial cleft. This is based on our experience and
reflects our common practice. As research about
this issue continues to be performed and new
diagnostic techniques are suggested, the ability to
properly diagnose and evaluate orofacial clefting
malformations will continue to improve.
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Congenital Subcutaneous Mixed

14

Venous-Lymphatic Orofacial
Malformation Associated with
Macroglossia: Prenatal Diagnosis
with Ultrasound and Fetal MRI

Marcello Napolitano, Alice Munari, Anna Ravelli,

and Anna Venegoni

14.1 Introduction

Subcutaneous mixed venous-lymphatic malfor-
mations may be proliferative tumors or nonprolif-
erative heterogeneous congenital malformations
involving the capillary, lymphatic, venous, or
arterial system or be seen as mixed lesions. These
lesions may appear as partly solid and cystic
(macro- or microcystic) and the prenatal diagno-
sis relies upon ultrasound and fetal magnetic reso-
nance imaging (MRI) [1].

Macroglossia can be seen as an isolated
finding or associated to genetic syndromes, com-
monly in Beckwith-Wiedemann syndrome where
macroglossia is detected in 78.6 % of cases [2].
Recently, Poreau et al. [3] have reported a female
fetus with macrocephaly and macroglossia har-
boring 13q31.1 microdeletion encompassing
three genes: SPRY2, NDFIP2, and RBM?26.
NDFIP2 protein is involved in ubiquitination and
in Ras/mitogen-activated protein kinase (MAPK)
signaling pathways. While SPRY?2 protein inhib-
its the RassMAPK pathways, Ras/sMAPK path-
way plays important role in complex cellular
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programs including cell differentiation and

proliferation.

14.2 Case Description

A 30-year-old woman, gravida 2, para 0, was
referred to our prenatal unit at 35 weeks’ gesta-
tion with suspected oropharyngeal teratoma seen
on level 2 ultrasound performed the prior week.
The parents were non-consanguineous, with a
noncontributory family history. The pregnancy
was uncomplicated, with first-trimester screen-
ing for Down syndrome showing low risk.
Normal fetal biometry and interval growth were
observed. Ultrasound examination showed a
female fetus with normal amniotic fluid and
anterior placenta. Ultrasound evaluation of the
fetal face revealed a mixed, solid and cystic mass
of 5 x 30 mm infiltrating the soft tissue of the
right orofacial region, from the temporal area to
the chin, with invasion into the entire tongue.
Several small foci of decreased echogenicity
were present, suggestive of vacuolated cavities,
and no evidence of significant intralesional vas-
cularity was observed.

No calcification was identified. The mass
extended into the inferior labrum region while
the superior labrum appeared normal. No other
significant abnormalities were found and an oral
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teratoma tumor was suspected. A fetal MRI was
planned to better define the tissue characteristics
of the mass and its relationship with the upper
airway. The family was counseled regarding the
clinical implications of these findings, antici-
pated delivery complications, prognosis, and
impact on quality of life. Following discussion
with the family, consent was obtained for fetal
MRI. Prenatal MRI, using single-shot-fast-spin
echo (SSFSE) T2-weighted single-slice images
and T1-weighted 3D turbo field-echo sequences,
obtained in the three orthogonal planes, charac-
terized the voluminous mass as a soft tissue
lesion infiltrating the right cervico-facial region
from the temporal area to the chin, with invasion
of the entire tongue, the floor of the mouth, the
right masticator space, and the cheek. MRI also
showed a large, lobulated, homogeneous hyper-
intense lesion on T2-weighted images with cor-
responding hypointense signal on T1-weighted
sequences, without fat signal or hemorrhagic
areas. No macrocysts were identified and no area
of flow void was observed. The lesion infiltrated
the tongue (protruding out of the mouth consis-
tent with macroglossia), the floor of the mouth,
the right masticator space, and the cheek.
Although the macroglossia resulted in a partial
obstruction of the oral cavity, the trachea, larynx,
and anterior neck were noted to be patent. No
other additional abnormal findings were found.

A subcutaneous mixed venous-lymphatic
orofacial malformation was suspected. The
lesion determines a partial compression of the
rhino-oropharynx, imprinting the soft palate.
The lesion partially compressed the rhino-
oropharynx including the soft palate, but the
larynx and trachea remained patent (Fig. 14.1).
As recommended by the multispecialty team,
cesarean delivery with an EXIT (ex utero
intrapartum treatment) procedure was planned
at 38 weeks’ gestation. Intratracheal intuba-
tion was performed to secure the fetal airway.
Postnatal MRI at 6 days of life confirmed the
prenatal findings and confirmed an extended
subcutaneous  venous-lymphatic  orofacial
malformation (Fig. 14.2).

A protective tracheostomy was performed at 4
months of age followed by a subtotal glossec-
tomy and multiple laser treatment and foam
sclerotherapy.

14.3 Discussion

Subcutaneous mixed venous-lymphatic malfor-
mations are usually seen as proliferative tumors
such as hemangiomas and/or lymphangioma [1].
Isolated macroglossia is rarely detected prena-
tally, and even when associated with Beckwith-
Wiedemann syndrome, the diagnosis is typically

Fig. 14.1 Fetal T2-weighted MRI at 34.6 weeks’ gesta-
tion in the three planes (sagittal plane (a), coronal plane
(b), axial plane (c¢)) demonstrates the partial exophytic
hyperintense soft tissue mass infiltrating the right orofa-
cial region from the temporaral area to the chin, with inva-
sion of the entire tongue, the floor of the mouth, the right
masticator space, and the cheek. Note, in (a), the macro-

glossia, with the tongue protruding out of the mouth, and
partial obstruction of the oral cavity. Note the mass effect
of the lesion on the soft palate and compression of rhino-
oropharynx (thick arrow) with visualization of a patent
and nondistended cervical trachea and larynx (thin arrow
in a and ¢)
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Fig.14.2 Postnatal MRI at 45 days of life confirmed the
voluminous, subcutaneous venous-lymphatic orofacial
malformation. T1-weighted sagittal image (a) shows the

made after birth [4]. In the case reported here,
accurate prenatal diagnosis, by means of ultra-
sound and fetal MRI, of a subcutaneous mixed
venous-lymphatic malformation associated with
macroglossia aided the genetic counseling and
the parents’ decision-making process and allowed
appropriate antenatal and post-natal care man-
agement [5]. In addition, adding fetal MRI to
ultrasound and Doppler study of the fetal vascu-
lar anomalies enhances the characterization of
these lesions and the accuracy of the antenatal
diagnosis and assists with patient selection for an
EXIT procedure [6, 7].
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(Median Cleft Face Syndrome)

Mario Lituania and Gabriele Tonni

15.1 Introduction

Frontonasal dysplasia (FND) is characterized by
multiple anomalies including hypertelorism,
broadening of the nasal root, median facial cleft
lip/palate associated with clefting of the alae nasi,
absent formation of the nasal tip, cranium bifidum
occultum and a “V-shaped” frontal hairline [1, 2].
FND exhibits a wide genotype to phenotype cor-
relation that may encompasses from acromelic
frontonasal dysplasia, acrofrontofacionasal dys-
ostosis syndromes to oculoauriculofrontonasal
syndrome and prenatal diagnosis is always very
challenging. FND may be associated with multi-
ple central nervous system anomalies including
callosal dysgenesis, encephalocele, occipital
meningocele, Dandy-Walker malformations, limb
defects and post-axial polydactyly [3, 4]. Guion-
Almeida et al. [5] studying 21 patients with FND
suggested that this congenital anomaly may not
be a single developmental defect that may be
inherited as autosomal dominant sequence or
recessive as Shanske syndrome.
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15.2 Case Description

A 39-year-old woman, gravida 3, para 1, was
referred for level IT ultrasound at 16 weeks 5 days
of gestation due to a suspected midline facial
anatomy that was detected at her routine obstetric
scan. The parents were non-consanguineous and
their medical and family histories were unremark-
able. First-trimester screening for Down syn-
drome yielded normal fetal biometry and anatomy
and a low risk for common trisomies.

Upon referral, the ultrasound examination
showed a fetus with biparietal diameter (BPD)
and a BPD/FOD (fronto-occipital diameter) <5th
percentile and a BPD/FL (femur length) <3rd per-
centiel for expected gestational age. Evaluation of
the fetal anatomy performed with conventional
two-dimensional ultrasound revealed a heteroge-
neous mixed solid and cystic mass measuring 5 x
30 mm occupying the midline of the fetal face.
The parenchyma of the mass had an echogenicity
resembling that of cerebral tissue (Fig. 15.1a, b).
Doppler ultrasound showed a blood supply to the
lesion coming directly from the circle of Willis
circle. In addition, the anterior cerebral artery was
seen to have an anomalous course. Neither the
cavum septi pellucidum nor the corpus callosum
could be observed. Severe hypertelorism was
seen. Three-dimensional ultrasound using sur-
face-rendering mode enhanced spatial reconstruc-
tion and enabled the detection of a tumor
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Fig. 15.1 Three-dimensional ultrasound at 16 weeks 5
days of gestation in the axial plane (a) and surface render-
ing mode (b) demonstrating an exophytic midline lesion

e,

Fig.15.2 Three-dimensional (3D) ultrasound in the cor-
onal plane using ‘“skeleton” mode: a midline fronto-
ethmoid bony defect was clearly detected and rendered

projecting through the nasal cavity. Moreover, a
fronto-ethmoid bony defect was detected and
clearly rendered wusing ‘skeleton” mode
(Fig. 15.2). Tomographic ultrasound imaging

originating from the brain and protruding through the
nasal cavity

(TUI) was also applied with thin 1 mm slices
(Fig. 15.3). Dedicated transvaginal ultrasound
demonstrated normal posterior fossa anatomy and
normal brainstem. No other associated anomalies,
such as cleft lip/palate, were identified.

A presumptive diagnosis of frontonasal dys-
plasia (FND) with anterior cephalocele was enter-
tained. Differential diagnosis included nasal
glioma (central nervous system (CNS) hetero-
typia) and/or oral teratoma (epignathus). The par-
ents received extensive genetic counseling
concerning in utero evolution, delivery complica-
tions, prognosis, and impact on quality of life.
Following discussion with the family, consent was
obtained for fetal karyotyping with QF-PCR (nor-
mal 46,XX), amniotic fluid acetylcholinesterase
determination and fetal magnetic resonance imag-
ing (MRI). Fetal MRI was performed using
single-shot-fast-spin echo (SSSE) T2-weighted
single-slice images and T1-weighted 3D turbo
field echo obtained in the three planes confirmed
the mass to be regarded as anterior, fronto-eth-
moid cephalocele. MRI showed a large, lobulated,
homogeneous hyperintense lesion on T2-weighted
images with corresponding hypointense signal on
T1-weighted sequences, without fat signal or
hemorrhagic areas (Fig. 15.4). No macrocysts
were identified and no areas of flow void were
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Fig. 15.3 Three-dimensional ultrasound using tomo- with undefined contour is seen projecting anteriorly
graphic ultrasound imaging (TUI) in the coronal plane through the nasal cavity. Severe hypertelorism was an
with slice thickness of 1 mm: a hyperechogenic tumor associated finding

Fig.15.4 (a,b). Fetal T2-weighted MRI at 19 weeks 5 days of gestation showed the homogeneous hyperintense lesion
with corresponding heterogeneous hyperintense signal on T2-weighted images

observed. The lesion was seen in continuity with forehead to the nasal bridge. The floor of the
the brain, projecting anteriorly between the fetal ~mouth, trachea, larynx, and anterior neck were not
orbits and extending from the upper aspects of the infiltrated by the tumor and no other additional
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Fig.15.5 (a) Postmortem CT scan with (b) 3D rendering confirming the prenatal US findings of fronto-ethmoid bony
defect

Fig.15.6 (a) Postmortem CT scan with 3D rendering and (b) gross pathology

findings were noted. However, due to major con- ized tomography (CT) scan, digital scan, digital
genital malformations affecting the CNS, the pictures, and autopsy) (Figs. 15.5a,band 15.6a, b).
parents opted for pregnancy termination with Neuropathology confirmed the presence of neural
postmortem diagnostic investigation (computer- tissue within the tumor (Fig. 15.7).



15 Acromelic Frontonasal Dysplasia

187

Fig. 15.7 Neuropathology confirmed the presence of
neural tissue within the tumor (arrow)

15.3 Discussion

Isolated anterior fronto-ethmoid cephalocele has
been rarely reported in the medical literature.
Usually, it has been documented in fetuses with
FND. FND refers to midline facial anomalies
caused by abnormal development of the facial
primordia and is split into three types in relation
to different gene encoding for the disease. FND-1
(OMIM136760), also designated frontorhiny, is
caused by homozygous mutation in the arista-
less-like homeobox-3 gene (ALX3; 606014) on
chromosome 1p13. The disease is characterized
by autosomal recessive inheritance. FND-2
(OMOM 613451) is caused by a mutation in the
ALX4 gene (OMIM 605420) on chromosome
11p11.2, while FND-3 (OMIM 613456) is caused
by a mutation in the ALX1 gene (OMIM 601527)
on chromosome 12q21. In addition, nasal glioma
or central nervous system heterotypia should be
considered in the differential diagnosis [6] as
well as oral teratoma or epignathus [7, 8]. In a
zebrafish model, it has been demonstrated that
ALX1 plays a crucial role in regulating the
migration of cranial neural crest (NC) cells into
the frontonasal primordia [9]).

Corbacioglu et al. [10] reported a case of pre-
natal diagnosis of FND with anterior encephalo-
cele detected at 27 weeks’ gestation. Abnormal

facial phenotype was characterized by prominent
hypertelorism and two facial clefts and the nos-
trils were extremely separated. Interestingly, fetal
karyotype was normal and no mutation in the
ALX1 gene was found, excluding ALX1-related
FND in the differential diagnosis.
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Midfacial Hypoplasia Using 3D

Ultrasound
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and Mario Lituania

16.1 Introduction

Interactions at cellular level regulate both the brain
and the craniofacial morphogenesis during early
gastrulation stages of embryo development via
ectodermal cells [1-3]. In the animal model, it has
been demonstrated that prenatal ethanol exposure
is associated with central nervous system dysfunc-
tion, growth retardation, and craniofacial abnor-
malities as severe end of the spectrum of fetal
alcohol syndrome (FAS) [4, 5]. Specifically, acti-
vation of the Shh (sonic hedgehog) signaling in the
brain is responsible for an altered pattern in the
ectoderm cells covering the upper jaw; these
changes cause facial dysmorphologies [3]. The
maxilla-mandible-nasion (MMN) angle, obtained
in the midsagittal plane, is a newly developed and
promising ultrasound marker to assess the degree
of midfacial hypoplasia during the second and
third trimesters of pregnancy and has proved to be
useful in the ultrasonographic evaluation of the
common trisomies [6, 7]. Morever, the MNM
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angle is independent of gestational age, is signifi-
cantly smaller in trisomy 21 fetuses compared
with controls [7], and may be added to the fetal
profile (FP) line to enhance prenatal diagnostic
accuracy [7].

16.2 Case Description

A 32-year-old woman, gravida 2 para 1, was
referred for a thorough ultrasound examination at
21.5 weeks of gestation with a suspected facial
anomaly that was seen on a routine second-tri-
mester ultrasound examination. The parents were
non-consanguineous, with unremarkable medical
and family histories. First-trimester screening for
Down syndrome showed a low risk for common
trisomies with normal fetal biometry and
anatomy.

At referral, an ultrasound examination using a
Voluson E8 (GE, Milwaukee, WI) apparatus
equipped with multifrequency transabdominal
and transvaginal volumetric probes was per-
formed. Using three-dimensional (3D) ultra-
sound in multiplanar mode with volume
rendering, a wide median cleft was visualized
(Fig. 16.1). Tomographic ultrasound imaging
(TUI) using thin slices of 1 mm was applied and
confirmed the diagnosis and clearly demon-
strated extension of the median cleft to involve
the nose, lips, and hard and soft palates
(Fig. 16.2). 3D ultrasound in surface-rendering
mode clearly illustrated the lesion (Figs. 16.3
and 16.4). Using color Doppler, bidirectional
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Fig.16.1 Three-dimensional ultrasound at 21.5 weeks of
gestation in multiplanar mode and with volume recon-
struction. The green toolbar was placed at the level of the

flow through the cleft was visualized. The par-
ents received extensive counseling by the multi-
specialty team regarding the potential genetic
associations and anticipated in utero develop-
ment, delivery complications, prognosis, and
impact on quality of life. After this counseling,
rapid fetal karyotyping with QF-PCR was per-
formed with an uncomplicated amniocentesis
that resulted in a normal 46,XX karyotype. The
parents desired to continue the pregnancy.
Monthly serial ultrasounds were scheduled. No
polyhydramnios developed. A newborn weigh-
ing 3250 g was delivered vaginally at term
(Fig. 16.5). In order to prevent respiratory and
feeding complications, the newborn was imme-
diately intubated. Postnatal reconstruction sur-

Surface
Th32/Qual alto2
B49°/V65®
Mix40/60

midportion of the fetal face and showed a wide, midfacial
cleft involving the nasal bone and the palate

gery by Le Fort III osteotomy was planned at 10
days postnatally with restitutio ad integrum
following development of a 3D model.

16.3 Discussion

Failure or delay in midfacial development as
well as any abnormal fusion of the medial and
lateral nasal and maxillary prominences will
result in developmental defects of the midface
with varying degrees of severity, including cleft
and hypoplasia. The midportion of the face,
defined as the nose, upper lip, maxilla, primary
palate, and zygomatic bones, starts to develop
from the fifth week post-fertilization and is
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Fig.16.2 Three-dimensional ultrasound using tomographic ultrasound imaging with thin 1 mm slices. Note the green
dot (reference point) set at the level of the midportion of the hard palate

Fig. 16.3 Three-dimensional ultrasound using surface mode: a wide, median cleft was clearly rendered by volume
reconstruction

completed by week seven. This process involves  processes) [9], and requires the coordination of
the development and fusion of seven processes both mesenchymal cells derived from the cra-
(the frontonasal process the paired lateral and nial neural crest which are covered by ectoderm
medial nasal processes, and the paired maxillary  [10, 13]. Mutations in signaling pathways genes
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Fig. 16.4 Three-dimensional ultrasound in surface mode: detail of the wide, midfacial cleft lip and palate. Note the
abnormal nose

Fig.16.5 Three-dimensional ultrasound using “glass body” rendering and newborn baby at delivery for comparison
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such as fibroblast growth factor receptor
(FGFR), WNT, transforming growth factor-beta
(TGFp), and bone morphogenetic protein
(BMP) have been hypothesized. During mor-
phogenesis, FGF regulates neural crest pattern-
ing [12] and FGFR 1 and FGFR 2 are widely
expressed in facial mesenchyme and ectoderm
[8]. In craniofacial development, WNT signal-
ing plays critical roles in the generation, migra-
tion, and proliferation of cranial neural crest
(CNC) cells in the facial processes in mice [11].
Perturbation of BMP, a member of the TGFf
superfamily, results in orofacial clefting because
BMP acts by regulating cell proliferation, extra-
cellular matrix synthesis, and cellular differen-
tiation [13].

The use of 3D ultrasound was of value in the
detection and characterization of the extension of
the bony defect and closely correlated with post-
natal findings. The technique allowed improved
understanding of the abnormality and more thor-
ough counseling to assist the parents in the deci-
sion-making process and antenatal management.
In addition, 3D ultrasound enabled appropriate
perinatal care by the multispecialty team by
delivering the gold standard of care, avoiding
neonatal complications, and providing accurate
anatomic information for surgical plastic
reconstruction.
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by 3D Ultrasound Volume Data
Sets in a Case of Prenatally
Diagnosed Agnathia/Otocephaly
Complex Associated with Multiple
Congenital Anomalies

Heron Werner, Gabriele Tonni, Glaucia
Aparecida Menezes, and Edward Araujo Junior

17.1 Introduction

Agnathia/otocephaly complex (OMIM 202650)
is a rare congenital malformation characterized
by multiple malformations involving anatomic
structures originating from the first pharyngeal
arch as a consequence of failed mesenchymal
migration of the maxillary prominence and atro-
phy of the development of the mandibular promi-
nences [l]. Features of agnathia/otocephaly
complex are absence or hypoplasia of the man-
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dible, microstomia, hypoglossia/aglossia, and
variable anterior midline fusion of the ears (mel-
otia, synotia) [2]. An incidence of less than 1 in
70,000 births has been estimated [3]. The com-
plex has been linked with a heterozygous muta-
tion of the PRRX1 gene on chromosome 1q24.
Genotype/phenotype heterogeneity is possible,
and the disease may be inherited in either autoso-
mal recessive or autosomal dominant patterns. In
addition, association with environmental terato-
gens have been described [2, 4]. Recently, it has
been demonstrated that perturbations in the
PRRX1 and OTX2 genes may alter DNA signal-
ing pathways, suggesting a role in palatal devel-
opment [2, 5, 6].

17.2 Case Description

A 39-year-old nulliparous woman was referred
for level II ultrasound examination for an
unspecified complex facial anomaly detected on
a routine third-trimester scan. The ultrasound
examination was performed using transabdomi-
nal and transvaginal two-dimensional (2D) and
three- and four-dimensional (3D/4D) volumet-
ric probes. Digital 2D ultrasound imaging and
3D/4D volume datasets were stored onto an
optical disk for offline analysis. Ultrasound
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examination showed findings consistent with
congenital agenesis of the mandible (agnathia),
proboscis, and hypotelorism (Fig. 17.1).
Multiple skeletal anomalies were visualized,
consisting of the absence of the right ulna and
right fibula associated with shortening of the
contralateral long bones, syndactyly of 5th fin-
ger of right hand, and bilateral clubfoot. A mul-
ticystic right dysplastic kidney, single umbilical
artery, and polyhydramnios were additionally
seen. 3D ultrasound volume datasets were trans-
mitted to an expert at remote site (HW) and a
physical model reconstruction on photopoly-
merized resin was constructed using postpro-
cessing software. Specifically, Mimics v. 12,
Materialise (Leuven, Belgium), was used for 3D
virtual model reconstruction, and the model was
exported into a standard triangular language
(STL) format and converted into an “OBJ”
extension for adjustment using 3D modeling
polygonal software (Autodesk Mudbox, San
Francisco, CA, USA).

A presumptive diagnosis of agnathia/otoceph-
aly complex associated with multiple congenital
anomalies was entertained (Fig. 17.2). Although
prognosis of the disease was poor and the parents
declined fetal magnetic resonance imaging
(MRI) investigation, the 3D virtual model
improved the parents’ understanding of the fetal
anomalies and aided counseling. Termination of
pregnancy was not performed due to legal limita-
tions. Intrauterine fetal demise occurred shortly
after ultrasound examination and gross pathology
confirmed the antenatal diagnosis (Fig. 17.3).
Interestingly, the anatomic details of the 3D vir-
tual model substantially overlapped with the
characteristic features of the agnathia/otocephaly
complex.

17.3 Discussion

Agnathia/otocephaly complex may be isolated
[7] or associated with other anomalies.
Anencephaly and meningomyelocele [8], skele-
tal, genitourinary, and cardiovascular anomalies,

and situs inversus have been reported [3].
However, the most common associated congeni-
tal anomaly is holoprosencephaly [9, 10].

The antenatal diagnosis of agnathia/otoceph-
aly complex is challenging. Although it has
most commonly been detected in the third tri-
mester [4, 11, 12], detection at 12 weeks has
also been reported [13]. 3D ultrasound ultra-
sound may aid the prenatal diagnosis of
agnathia/otocephaly complex [4, 10-13] and a
systematic look at the “CHIN” is advocated
(“CHIN”: chin, headbone outline, inner head,
nuchal translucency) [13]. 3D ultrasound has
also proven to be of clinical value in the charac-
terization of the disease and in planning neona-
tal treatment by the multispecialty team [14],
although outcome is generally poor and new-
borns requires ventilatory support [1].

In addition to 3D virtual modeling of the
anomaly that improves parents’ understanding
and enhances prenatal counseling, 3D com-
puted tomography (CT) scan has been used
postmortem in a case of agnathia/otocephaly
complex associated with organomegaly to
obtain detailed anatomic information about
this lethal disease [15].

This work was based on a previously pub-
lished report [4].

Fig. 17.1 Three-dimensional ultrasound in surface-

rendering mode and

hypotelorism

showing  proboscis severe
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Fig.17.2 3D virtual physical model showing the typical features of the congenital malformation

Fig.17.3 Postmortem photographs showing the agnathia/otocephaly complex in lateral (a) and frontal (b) views con-
firming the accuracy of the prenatal ultrasound diagnosis
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Mandible (Agnathia) in a Fetus
with 4p-/10q Duplication
Associated with Balanced Paternal
Cryptic 4p/10q Translocation:
Multidisciplinary Management of
a Complex Case

Lucia Rosignoli, Gabriele Tonni, Elisabetta Pelo,
and Marco di Maurizio

18.1 Introduction

Agenesis of the ramus of the mandible (agnathia)
is a rare disease that can be part of more than 100
genetic syndromes. From an embryological point
of view, agenesis of the mandible is linked to
defects in migration of neural crest cells that
determine a developmental anomaly of the first
arch, or mandibular arch, during the 4th week of
embryogenesis [1]. Agnathia can be isolated or
associated with other malformations, of which
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the most frequent is holoprosencephaly. Indeed,
evidence from humans and animal models sug-
gests that agnathia-holoprosencephaly represents
a causally heterogeneous single developmental
field defect [2]. Agnathia may be usually recog-
nized by ultrasound during the second trimester
of pregnancy and may be misinterpreted as
micrognathia [3-5]. If micrognathia is the only
ultrasound finding identified, parents should be
aware of possible respiratory complications at
birth, presence of facial clefting, and/or develop-
mental delay [6]. Chromosomal abnormalities
have been detected in 66 % of fetuses with micro-
gnathia, in 77 % with macroglossia, in 48 % with
cleft lip and palate, in 45 % with severe hypo-
telorism or cyclops, and in 32 % with nasal hypo-
plasia, proboscis, or single nostril [4, 7]. Teoh
and Meagher [8] reported a first-trimester
(13 weeks) diagnosis of micrognathia and reced-
ing chin by using transvaginal ultrasound, with
later diagnostic confirmation at 19 weeks’ gesta-
tion. These findings were associated with com-
plex cardiac defect and unilateral talipes
equinovarus in a fetus with normal karyotype and
with a definitive diagnosis of Pierre Robin syn-
drome. Sepulveda et al. [9] have demonstrated
the value of the retronasal triangle view for
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detecting micrognathia in the first trimester.
Absent visualization of the mandibular gap or
failure to identify the mandible in coronal view is
highly suggestive of micrognathia and should
prompt a targeted ultrasound scan to assess for
other anomalies. The role of the retronasal trian-
gle view in the early prenatal diagnosis of orofa-
cial clefts has been subsequently confirmed
byTonni et al. [10].

18.2 Case Description

A 25-year-old primigravida underwent first-tri-
mester combined screening for common triso-
mies at 12 weeks 2 days of gestation. Although
the test resulted as low risk, the fetus had pre-
maxillary protrusion and micrognathia at the
ultrasound evaluation of the sagittal plane of
the face (Fig. 18.1). Chorionic villus sampling
was performed the same day. Quantitative fluo-
rescence polymerase chain reaction (QF-PCR)
for chromosomes 21, 18, 13 and sex chromo-
somes resulted as normal. Fetal karyotype in
cultured villi was 46,XY. A thorough ultra-
sound examination, which included three-
dimensional (3D) ultrasound of the fetal face
and skull, was performed at 20 weeks of gesta-
tion. Application of 3D ultrasound reverse face
techinque in surface maximum mode enabled
clear detection of unilateral, left mandibular
agenesis, micrognathia, and cleft lip (Fig. 18.2).

Fig. 18.1 Two-dimensional ultrasound performed at 12
weeks and 2 days of gestation. Note premaxillary protru-
sion (arrow) and micrognathia (curved arrow) in midsag-
ittal plane

The nose was abnormal in shape resembling a
proboscis. The diagnostic clue was failure to
identify the ossifying mandible in the sagittal
and coronal planes from the temporo-mandibu-
lar joint to the symphysis of the chin. No other
congenital malformatiosn were detected on ultra-
sound. Fetal magnetic resonance imaging (MRI)
examination was arranged as complementary
diagnostic investigation and confirmed the ultra-
sound diagnosis in both sagittal (Fig. 18.3) and
coronal (Fig. 18.4) planes.

Full genetic consultation was then performed.
Family history was remarkable for a first-degree
cousin on the maternal side that had surgery for
macroglossia due to Beckwith-Wiedemann syn-
drome. In addition, the father had an older
brother with congenital clubfoot, a brother who
died in the neonatal period due to multiple con-
genital malformations including cleft palate,
clubfoot, and renal anomalies, and his mother
had a miscarriage at 20 weeks of gestation after
the ultrasound diagnosis of multiple congenital
malformations in the fetus (Fig. 18.5).

Fig.18.2 Three-dimensional ultrasound performed at 20
weeks’ gestation using reverse face in surface maximum
mode in coronal plane: unilateral, left mandibular agene-
sis was detected (curved line)
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Fig. 18.3 Fetal MRI in BTFE sequence: an abnormal
fetal profile is confirmed. Abnormal anatomy of the hard
palate is also visible in sagittal plane (arrow)

Fig. 18.4 Fetal MRI in BTFE sequence showing left-
sided cleft lip (red arrow)

Multiplex ligation-dependent probe amplifica-
tion (MLPA) was performed in a frozen sample
of chorionic villi revealing a subtelomeric dele-
tion of the short arm of chromosome 4 and a sub-
telomeric duplication of the long arm of
chromosome 10 (Fig. 18.6). Subsequent paternal
fluorescence in situ hybridization (FISH) was
performed showing a balanced, cryptic transloca-
tion in the subtelomeric 4p/10q region (Fig.
18.7). The rearrangement in the father was inher-
ited from his mother. In this case, the detected
anomalies were attributed to a segregated, unbal-
anced, familial, cryptic translocation. Genetic
counseling was conducted and the wide spectrum
of ocular-auricular-vertebral anomalies involving

the first and second pharyngeal arch such as
Gorlin-Goldenhar, Treacher Collins and auric-
ulo-condylar syndromes were discussed. The
pathogenesis of Gorlin-Goldenhar syndrome
may be associated with in utero exposure to tera-
togenic agents, chromosomal abnormalities
(chromosomes 5, 18, 22, and X), while Treacher
Collins is caused by haploinsufficiency of TOCF1
gene, the auriculocondylar syndromes (ARCND)
are caused by gene mutations at different loci on
chromosome 1pl13 (ARCNDI, GNAI3 gene),
chromosome 20pl12 (ARCND2, PLCB4 gene)
and chromosome 6p24 (ARCND3, EDNI gene).
Beckwith-Wiedemann syndrome, characterized
by macroglossia, macrosomia, abdominal wall
defect, and hemi-hyperplasia, and Silver-Russell
syndrome (Pierre Robin sequence, cleft palate,
renal anomalies, and fetal growth restriction)
were also considered. The parents opted for sec-
ond-trimester termination of pregnancy accord-
ing to Italian legislation.

18.3 Discussion

Prenatal ultrasound examination of the fetal face
and maxillo-facial region is possible from the first
trimester onward although 2D and 3D ultrasound
may be challenging early in gestation. Maxillo-
facial abnormalities can be seen in isolation or
associated with other congenital abnormalities or
genetic syndromes. Attempts have been made to
standardize the ultrasound evaluation of the fetal
face and diverse techniques have been proposed
and validated. With conventional 2D ultrasound,
the examination of the lip and palate is performed
using the three spatial planes: sagittal, coronal,
and axial or transverse/cross sections. The profile
is obtained by scanning the face in sagittal plane,
while the nose and the lips are obtained by scan-
ning the face in coronal plane.

Finally, to confirm integrity of the upper lip, as
well as the surrounding alveolus, or primary pal-
ate, an axial plane or cross section must be per-
formed. Attempts have been made to standardize
the ultrasound evaluation of the fetal face by 3D
ultrasound and diverse techniques have been
proposed and validated. The most used are the
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Fig. 18.6 Genetic investigation using multiplex ligation-dependent probe amplification (MLPA) revealed a 4p-/10q
duplication in the fetus

“reverse face” [11], the “flipped face” [12], varia- study of both hard and soft palates. OmniView tech-
tions of both techniques [13—16], and “oblique face” nique is a 3D ultrasound application that enables
[17]. Tonni et al. [18] have reconstructed from vol-  selection of non-conventional planes (oblique or
ume proposed the use of the OmnView tool in the curved) to be reconstructed from volumes.
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Fig. 18.7 Paternal fluorescence in situ hybridization
revealed a balanced, cryptic translocation in subtelomeric
4p-/10q region

In addition, Tonni et al. [19] have also demon-
strated the usefulness of the HDLive 3D algo-
rithm to study the soft palate and the uvula. When
a prenatal ultrasound diagnosis of facial cleft is
made, a thorough ultrasound examination is man-
datory. If micrognathia is the only sonographic
finding identified, physicians and families should
be prepared for possible respiratory difficulty at
delivery, the presence of a cleft palate, and/or
developmental delay.

Alongside detection of facial clefting, identifi-
cation of dysmorphic features may lead to the
suspicion of genetic syndromes, thus eliciting
targeted molecular investigation. Prenatal ultra-
sound examination by 3D ultrasound and fetal
MRI may provide useful data concerning facial
abnormalities; in addition, 3D ultrasound and
fetal MRI datasets can be integrated to produce
physical models of the congenital anomalies -that
may have great impact when counseling the par-
ents-to-be and planning intrapartum and/or post-
natal surgical management, where indicated.
Moreover, when normal fetal karyotype is
detected on conventional cytogenetic testing,
molecular studies such as MLPA or array-com-
parative genomic hybridization (a-CGH) should
be performed. Molecular testing may comprise a

wide panel of genes and genetic counseling is
mandatory to discuss clinical prognosis and cal-
culate recurrence risk.
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Prenatal Diagnosis of Beckwith-

19

Wiedemann Syndrome Using
3D Ultrasound and Fetal MRI

Heron Werner and Gabriele Tonni

19.1 Introduction

Beckwith-Wiedemann syndrome (BWS)
(OMIM 130650) is an autosomal dominant dis-
ease, inherited with variable expression, charac-
terized by somatic overgrowth and a
predisposition to embryonal tumors. It was first
described by Beckwith in 1963 and by
Wiedemann in 1964 [1, 2]. The incidence is esti-
mated to be 1 in 14,000 births, evenly distributed
between males and females [3].

19.2 Case Description

A 35-year-old Caucasian primigravida with no
significant past medical surgical, or family history
was referred at 35 weeks of gestation due to poly-
hydramnios, renal dysplasia, and protruding
tongue. The first-trimester combined screening
test showed low risk for Down syndrome.
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Ultrasound evaluation was conducted using
Voluson 730 Pro apparatus (GE, Milwaukee, WI)
equipped with two-dimensional (2D) and three-
and four-dimensional (3D/4D) ultrasound probes.
Fetal magnetic resonance imaging (MRI) was
performed for complementary diagnostic investi-
gation. MRI was acquired using a 1.5-T scanner
(Magnetom  Avanto, Siemens, Erlangen,
Germany), with body coil. The MRI protocol was
a T2-weighted sequence in three planes of the
fetal body (HASTE; TR shortest, TE 140 ms, field
of view 300-200 mm, matrix 256 x 256, slice
thickness 4 mm, acquisition time 21 s, 40 slices).
In addition, we applied a 3D, T2-weighted
TrueFISP sequence in the sagittal plane (TRUFI;
TR/TE=3.02/1.34; voxel size 1.6 x 1.6 x 1.6 mm?;
flip angle=70°; acquisition time, 26 s). The entire
examination time took less than 30 minutes.

Ultrasound and fetal MRI detected macro-
glossia (Figs. 19.1, 19.2, and 19.3), exompha-
los (Figs. 19.4, 19.5, and 19.6), severely
enlarged kidneys (Figs. 19.6 and 19.7), associ-
ated polyhydramnios, and increased placental
thickness (Fig. 19.8). Estimated fetal weight
was 3795 g.

A presumptive prenatal diagnosis of BWS
was posed. Planned cesarean delivery at 37
weeks of gestation was performed and a male
infant weighing 4125 g (>97th percentile) with
normal Apgar scores at 1 and 5 minutes was
delivered.
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Fig. 19.2 Two-dimensional ultrasound, three-dimensional ultrasound, and fetal MRI demonstrated macroglossia
(arrow)
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Fig.19.4 Two-dimensional ultrasound and fetal MRI detected a large (arrow)

Fig. 19.5 Doppler ultrasound confirmed a left-sided fetal abdominal wall defect and three-dimensional ultrasound
clearly rendered the omphalocele (arrows)
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Fig.19.6 Three-dimensional ultrasound and fetal MRI detected markedly enlarged kidneys (arrows). Note exompha-
los on fetal MRI image (black arrow)

Fig.19.7 Two-dimensional ultrasound and fetal MRI detected markedly enlarged kidneys (arrows)
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Fig.19.8 Two-dimensional ultrasound and fetal MRI documented a large placenta with cystic components (arrows)

19.3 Discussion

BWS is caused by mutation or deletion of
imprinted genes within chromosome 11pl15.5.
Specific genes involved include p57(KIP2),
H19, and LIT1. Hypermethylation and variation
in the HI19/IGF2-imprinting control region
(ICR1; 616186) on chromosome 11p15.5, which
regulates imprinted expression of H19 and IGF2,
are also associated with BWS. Advanced pater-
nal age may be a clinical risk factor. Recurrence
risk for other offspring is 50 % [3, 4]. The diag-
nosis is typically made after birth, but previous
reports have suggested that prenatal diagnosis
can be made in the third trimester [4, 5]. The
main features include large size for gestational
age (overgrowth may be limited to a portion of
the body, such as the legs); protruding tongue
(macroglossia); large abdominal organs such as
the kidneys, liver, and pancreas; increased
abdominal circumference; exomphalos; large
placenta; and polyhydramnios. In childhood,
Wilms’ tumors, hepatoblastoma, adrenal tumors,

neuroblastoma, and facial nevi may be observed
[1,2,6,7].
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Prenatal Diagnosis of Tessier 7
Cleft in a Case of Femoral

20

Hypoplasia-Unusual Facies
Syndrome with Associated Absent
Fibula and Digit Abnormalities

Gianpaolo Grisolia and Gabriele Tonni

20.1 Introduction

A homozygous mutation in the PVRLI gene
(nectin 1) on chromosome 1123 is responsible
for lateral orofacial clefting (macrostomia), clas-
sified as Tessier 7 cleft [1, 2]. This mutation is
responsible for non-syndromic cleft lip, with or
without cleft palate (CL/CLP), and for ectoder-
mal dysplasia syndrome [3, 4]. The disease is
inherited as an autosomal recessive condition and
may be considered one of the most common
types of atypical orofacial cleft, with an esti-
mated incidence of 2 in 10,000 live births [5].
Tessier 7 cleft may be found in association with
Dandy-Walker syndrome [6], Goldenhar syn-
drome (oculo-auriculo-vertebral spectrum with
radial defect) [7], or micrognathia [8].
Interestingly, a potential role in the pathogenesis
of orofacial clefts may involve vascular abnor-
malities, resulting in hypoperfusion of the left
side of the face thus causing a Tessier 7 cleft [9],
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or be the result of compression by an amniotic
band [10]. Although the central part of the fetal
face can be better imaged by two-dimensional
(2D) ultrasound, three- and four-dimensional
(3D/4D) ultrasound facilitate the antenatal visu-
alization of the lateral aspect of the face and is of
clinical value in cases of atypical orofacial clefts
[11]. Although unilateral Tessier 7 cleft is six
times more common than bilateral cases [2], pre-
natal detection of a bilateral case at 26 weeks of
gestation by 2D ultrasound in the coronal plane
has been reported [12].

20.2 Case Description

A 32-year-old woman, gravida 1, underwent fetal
karyotyping due to increased nuchal transluency
(NT) >99th percentile. Chorionic villus sampling
(CVS) demonstrated an 46,XY karyotype. A thor-
ough ultrasound examination and fetal echocar-
diography was performed at 19 weeks and 5 days.
Ultrasound evaluation was conducted using
Voluson 8 apparatus (GE, Milwaukee, WI)
equipped with 2D and 3D/4D ultrasound probes.
3D ultrasound was carried out using surface-ren-
dering and skeleton mode. Ultrasound examina-
tion showed an increased nuchal fold (7 mm),
prenasal edema, and a lateral cleft extending from
the left commissure of the mouth to the chin, with
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femur

tibia

Fig. 20.1 Two- and three-dimensional ultrasound using
surface-rendering and “skeleton” mode showing increased
nuchal fold, prenasal edema, femoral hypoplasia, curved
tibia and absent fibula, and oligodactyly of hands and feet
associated with syndactyly of the right hand (arrows). The

sunken appearance of the cheek. Multiple sono-
graphic markers of skeletal dysplasia were char-
acterized by bilateral femoral hypoplasia (femur
length <3rd percentile for expected gestational
age), curved tibia, and absent fibula. In addition,
oligodactyly of the hands and feet and syndactyly
of the right hand were identified (Fig. 20.1).

A presumptive prenatal diagnosis of Tessier
number 7 cleft (macrostomia) associated with
femoral hypoplasia-unusual facies syndrome
(FH-UFS) was considered. Due to multiple severe
congenital malformations, termination of preg-
nancy was performed using vaginal administra-
tion of PGE. Postmortem examination confirmed
the antenatal diagnosis.

20.3 Discussion

FH-UFS (OMIM 134780) is a rare and sporadic
skeletal disorder that was first described by
Daentl in 1975 [13]. Nowaczyk et al. [14]

fetal face was characterized by a Tessier type 7 cleft (mac-
rostomia) extending from the left commissure of the
mouth and pointing to the chin with sunken appearance of
the cheek (see autopsy finding for comparison) (arrow)

emphasized the role of 3D ultrasound in the
early prenatal diagnosis of femoral facies syn-
drome detected at 12, 15, and 19 weeks of gesta-
tion, respectively.

Tessier [2] classified facial clefts below the
orbit and numbered them from O to 7, where num-
ber 7 represents a lateral cleft. Lateral facial cleft-
ing or macrostomia is an atypical cleft that
represents about 3.1% of all clefts. It may arise
due to failed penetration of ectomesenchyme
between the developing maxillary and mandibular
prominences. It can be seen as an isolated defect or
associated with features consistent with skeletal
dysplasia [12]. The incidence is estimated as 1 in
50,000-175,000 live births [2]. The unilateral type
is six times more frequently observed than the
bilateral type [2]. Lampert [15] and Robinow et al.
[6] demonstrated an autosomal dominance inheri-
tance. Presti et al. [12] and Pilu et al. [11] reported
the prenatal ultrasound detection of bilateral and
unilateral Tessier number 7 cleft at 26 and 22
weeks of gestation, respectively. Lateral facial
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clefting may be part of an overlapping genetic syn-
drome such as mandibulofacial dysostosis and
oculo-auriculo-vertebral spectrum [17, 18].
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Median Cleft Lip and Palate,

21

Cutaneous Nasal Polyps,

and Corpus Callosum Lipoma:

A Case of Pai Syndrome Associated
with Ventricular Septal Defects

Jose H. Ochoa, Rolando P. Vildoza,
Adriana Echegaray, and Alejandra Colubriale

21.1 Introduction

Pai syndrome is a rare facial anomaly character-
ized by median cleft lip and cleft palate of variable
complexity in association with single or multiple
pedunculated polyps of the skin and nasal mucosa
that may be sessile or pedunculated [1]. Affected
individuals often have mild hypertelorism and an
interhemispheric lipoma with or without corpus
callosum agenesis/dysgenesis. Neuropsychologic
development is normal. The syndrome is also
rarely associated with ocular abnormalities, such
as iris coloboma [2]. Other findings that have been
rarely reported include temporal triangular alope-
cia, posterior lenticonus, bilateral palatal pits, bifid
uvula, hypospadias, sacral dimple, true tracheal
bronchus, and epilepsy [3].

We describe a case of Pai syndrome that was
diagnosed prenatally by ultrasound at 34 weeks
of gestation. Although the main prenatal finding
was the presence of cleft lip and palate, a thor-
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ough anatomic examination with two-
dimensional (2D) and three-dimensional (3D)
surface-rendering ultrasound also revealed other
distinctive features of the syndrome.

21.2 Case Description

An 18-year-old primigravida, with no history of
consanguinity or physical or genetic abnormali-
ties in either side of the family, was referred to
our center at 34 weeks of gestation for ultrasound
evaluation after the detection of several abnormal
findings at her third-trimester growth scan. At
referral, ultrasound examination revealed a nor-
mally grown fetus with normal amniotic fluid
volume. Detailed ultrasound anatomic examina-
tion demonstrated a female fetus with a median
cleft lip and palate. In addition, a large polypoid
structure protruding from the right nostril, sev-
eral polypoid appendages of the nasal dorsum,
and a skin tag on the left cheek were detected and
confirmed with 3D/4D ultrasound (Fig. 21.1).
Examination of the brain also revealed an inter-
hemispheric hyperechoic mass with mild corpus
callosum dysgenesis, which was consistent with
corpus callosum lipoma (Fig. 21.2). Examination
of the heart also revealed two small ventricular
septal defects, one muscular and the other peri-
membranous (Fig. 21.3).

215

G. Tonni, W. Sepulveda, and A.E. Wong (eds.), Prenatal Diagnosis of Orofacial Malformations,

DOI 10.1007/978-3-319-32516-3_21


mailto:josehochoa.cba@gmail.com

216

JH.Ochoa et al.

Given the fetal phenotypic features, the diag-
nosis of Pai syndrome was made and confirmed
after birth (Fig. 21.4a). The newborn infant had
no major neonatal complications. Initial feeding
problems were managed with a palatal obturator.
Postnatal karyotype was reported as normal.
Repair of the cleft lip and excision of the polyp
were performed during the neonatal period. In a
subsequent operation, the palate was surgically
reconstructed. The small ventricular septal
defects spontaneously closed during the first year
of age. Figure 21.4b shows the postoperative
results at the age of 3 years. The infant is currently

Fig.21.1 (a) Three-dimensional surface-rendering ultra-
sound of the fetal face shows cleft lip, a large polyp pro-
truding through the right nostril, two nasal dorsal polyps,
and a left cheek skin tag. (b) Same view as in (a) with
open mouth for a better depiction of the median upper lip
cleft

Fig. 21.2 Axial two-dimensional ultrasound image of
the fetal head shows an echogenic mass in the interhemi-
spheric fissure representing a lipoma

Fig.21.3 (a) Four-chamber view in B-mode depicts two
small ventricular septal defects (denoted by calipers). (b)
Color Doppler ultrasound shows flow through the muscu-
lar ventricular septal defect (arrow). Small arrow denotes
the septum
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5 years of age and her neurodevelopmental
assessment has been reported as normal.

21.3 Discussion

Pai syndrome is a rare disorder first described by
Pai et al. in 1987 in a female newborn that pre-
sented with clefting of the upper lip, nasal skin
polyps, and midline lipoma of the brain [1]. As
an isolated finding, median clefting of the upper
lip is rare. However, this condition may be related
to several syndromes [4]. The nasal polyps are
considered the hallmark of Pai syndrome and the
most common site of presentation is the nasal
septum that gives rise to polyps arising through
the nostrils. The columella is the second most
common site; rare locations are the dorsum/
bridge and tip of the nose [5]. Usually, these pol-
yps are hamartomas (lipomas and myolipomas)
[5, 6].

After the original description of this syn-
drome, several cases characterized by median
facial cleft without cleft palate, nasal or facial
polyps, or brain interhemispheric lipomas have
been reported. Therefore, minimum diagnostic
criteria for Pai syndrome have been established:
one or more hamartomatous nasal polyps plus a
median cleft lip (with or without cleft alveolus or
palate) and/or mid-anterior alveolar process con-
genital polyp [5]. As pericallosal lipoma was
reported in 85% of the cases that underwent
brain imaging, this feature has also been pro-
posed as an additional criterion [3].

Interhemispheric/pericallosal lipomas have
typical ultrasound features that make them very
easy to identify during prenatal ultrasound in the
majority of cases [7]. As there is no adipose tissue
in the brain, lipomas of the central nervous system
are presumed to arise from the primitive meninx
descending into the interhemispheric fissure dur-
ing cleavage of the prosencephalic vesicle [8]. At
this location, the lipoma may interfere with cor-
pus callosum development [7]; therefore, com-
plete/partial agenesis or hypoplasia of the corpus
callosum is a frequently associated finding [, 7,
9]. Other developmental anomalies of the cranio-
facial region that are included in the clinical

Fig. 21.4 (a) Photograph of the newborn infant shows
the facial features of Pai syndrome. The nasal polyp pro-
truding from the right nostril and the skin tags are clearly
seen. The palate obturator, used for feeding purposes, pre-
vents full view of the cleft lip and palate. (b) Follow-up at
3 years of age shows the postoperative results (a, b pub-
lished with permission from the parents)

spectrum of Pai syndrome are bifid nose, bifid
uvula, double frenulum, midline sinus, median
alveolar cleft, and ocular hypertelorism.
Occasionally, ophthalmic abnormalities of the iris
and cornea, like coloboma, microcornea, or lenti-
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conus, have been also reported [2, 3, 8]. DeMyer
[10] stated that median cleft of the upper lip is
associated with orbital hypertelorism and five
other facial defects: V-shaped frontal hairline,
cranium bifidum occultum, primary telecanthus,
median cleft of the premaxilla, and median cleft
palate.

A ventricular septal defect has been described
in one previously published case [5]. In our case,
two small ventricular septal defects (one muscular
and another perimembranous) were detected in
the third trimester of pregnancy, and both under-
went spontaneous closure on postnatal follow-up.
It is still unclear if this is an associated feature of
Pai syndrome that is rare or, more likely, a coinci-
dental finding unrelated to the syndrome.

It has been hypothesized that a genetic defect
in mesodermal differentiation and penetration
would result in the particular type of anomalies
associated with Pai syndrome. The pathogenesis
of median facial clefts has two main theories [8].
According to the classical or “fusion” theory of
His, the median cleft lip is the result of defective
fusion between the maxillary process and the
two peninsulas of the frontal process during
embryogenesis and fetal growth [8]. The second
theory, proposed by Veau, hypothesizes that
median clefting of the upper lip is due to absent
or deficient mesodermal penetration into the epi-
thelial wall of the primary palate at about the
sixth week of embryological development [8].
Consequently, the cutaneous polyps may be the
result of an excess of mesodermal tissue prolif-
eration in the oral cavity at the same embryonic
stage.

Currently, the cause of Pai syndrome is
unknown, although autosomal dominant inheri-
tance [2] and a balanced X;16 translocation [11]
have been reported. Pai et al. [1] and Guion-
Almeida et al. [12] suggested it could be a par-
ticular expression of frontonasal dysplasia, while
others postulate a multifactorial origin [13].
Chromosomal analysis is still recommended for
these patients, but the result is usually normal in
those with the typical phenotype [5]. Exome
sequencing may shed more light on the etiology
of Pai syndrome and will probably replace con-
ventional karyotype in the near future [3, 13].

Regarding the long-term outcome, most
authors report an excellent prognosis in these
patients, with normal neurologic and psychomo-
tor development despite the presence of inter-
hemispheric lipomas [8, 14, 15]. Nevertheless,
special attention should be paid to the aesthetic,
dental, phonetic, and psychological sequelae of
the clefting.
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