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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



Contents

PartI Prenatal Diagnosis of Orofacial Malformations

1 Orofacial Clefts in the Fetus: What We Know and

What We Should Know .. .............................. 3
Gabriele Tonni, Waldo Sepulveda, and Amy E. Wong
2 The Geneticsof Facial Cleft. . ... ........................ 9

Arie Koifman, Susan Blaser, and David Chitayat

3 Evaluation of the Fetal Face in the First Trimester.......... 19
Waldo Sepulveda, Amy E. Wong, Pilar Martinez-Ten, and
Gabriele Tonni

4 The Role of 2D/3D/4D Ultrasound in the Prenatal
Assessment of Cleft Lip and Palate. . . .................... 43
Pilar Martinez-Ten, Waldo Sepulveda, Amy E. Wong, and
Gabriele Tonni

5 2D/3D/4D Ultrasound of the Fetal Face in
Genetic Syndromes . .. ......... .. ... ... ... 61
Pilar Martinez-Ten, Waldo Sepulveda, and Gabriele Tonni

6 Prenatal Diagnosis of Orofacial and Neck Tumors . ......... 81
Gabriele Tonni, Marcella Palmisano, Roberta Granese, and
Maria Paola Bonasoni

7 Micrognathia............. . ... ... . ... ... .. ... 105
Edward Araujo Junior, Eduardo Felix Martins Santana,
Gabriele Tonni, Amy E. Wong, and Waldo Sepulveda

8 Magnetic Resonance Imaging (MRI) in the
Evaluation of the Fetal Face. ... ......................... 119
Francisco Sepulveda, Gerlinde M. Gruber, and Daniela Prayer

9 The Fetal Brain in Fetuses with Orofacial Abnormalities .... 131
Gustavo Malinger

Xi



Xii

Contents

10

11

Development and Autopsy Assessment of the
Fetal Headand Face . . ... ..............................
J. Ciaran Hutchinson and Neil J. Sebire

Postnatal Management of Cleft Lip and Palate . . .. .........
Fabio Xerfan Nahas, Natasha Sallum, and Lydia Masako Ferreira

Part I Interesting Cases and Rare Syndromes

12

13

14

15

16

17

18

19

Binder Syndrome: Prenatal Diagnosis, Management,
and Prognosis ................ .. .. .. ... .. .. ...
Edward Araujo Junior, Gabriele Tonni, and Waldo Sepulveda

Atypical Facial Cleft Detected by Prenatal Scan and
Confirmed by Postmortem Reconstructive Computed
Tomography (CTREC) ......... ... ... ... ... ... .....
Inbal Dona Amar, Yaakov Melcer, Rebecca Cohn, and

Ron Maymon

Congenital Subcutaneous Mixed Venous-Lymphatic
Orofacial Malformation Associated with Macroglossia:
Prenatal Diagnosis with Ultrasound and Fetal MRI . ... ... ..
Marcello Napolitano, Alice Munari, Anna Ravelli, and

Anna Venegoni

Acromelic Frontonasal Dysplasia
(Median Cleft Face Syndrome) . .........................
Mario Lituania and Gabriele Tonni

Prenatal Diagnosis of Severe Midfacial Hypoplasia
Using 3D Ultrasound. . . .............. ... ... ... .......
Gabriele Tonni, Jurandir Piassi Passos, and Mario Lituania

3D Virtual Model Reconstruction by 3D Ultrasound

Volume Data Sets in a Case of Prenatally Diagnosed
Agnathia/Otocephaly Complex Associated with Multiple
Congenital Anomalies. . ............... ... .. .. ... ....
Heron Werner, Gabriele Tonni, Glducia Aparecida Menezes, and
Edward Araujo Junior

Unilateral Agenesis of the 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

Prenatal Diagnosis of Beckwith-Wiedemann Syndrome
Using 3D Ultrasound and Fetal MRI .....................
Heron Werner and Gabriele Tonni



Contents xiii

20 Prenatal Diagnosis of Tessier 7 Cleft in a Case of Femoral
Hypoplasia-Unusual Facies Syndrome with Associated
Absent Fibula and Digit Abnormalities ................... 211
Gianpaolo Grisolia and Gabriele Tonni

21 Median Cleft Lip and Palate, Cutaneous Nasal Polyps,
and Corpus Callosum Lipoma: A Case of Pai Syndrome
Associated with Ventricular Septal Defects . ............... 215
Jose H. Ochoa, Rolando P. Vildoza, Adriana Echegaray, and
Alejandra Colubriale



Contributors

Inbal Dona Amar Ultrasound Unit, Department of Obstetrics and
Gynecology, Assaf Harofeh Medical Center, Zerifin, Israel

Israel Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel

Edwards Araujo Junior Department of Obstetrics, Paulista School of
Medicine — Sao Paulo Federal University of Sao Paulo (EPM-UNIFESP),
Sao Paulo, Brazil

Susan Blaser Department of Diagnostic Imaging, Division of Paediatric
Neuroradiology; Department of Pediatrics, Division of Paediatric
Neuroradiology, The Hospital for Sick Children, University of Toronto,
Toronto, ON, Canada

Maria Paola Bonasoni Pathology Service, IRCCS Arcispedale “Santa
Maria Nuova”, Reggio Emilia, Italy

David Chitayat Department of Obstetrics and Gynecology, The Prenatal
Diagnosis and Medical Genetics Program, Mount Sinai Hospital, and
Division of Clinical and Metabolic Genetics, Department of Pediatrics, The
Hospital for Sick Children, University of Toronto, Toronto, ON, Canada

Rebecca Cohn Ultrasound Unit, Department of Obstetrics and
Gynecology, Assaf Harofeh Medical Center, Zerifin, Israel

Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel

Alejandra Colubriale Diagnus — Prenatal Diagnosis and Teaching Center,
Cordoba, Argentina

Marco di Maurizio Diagnostic Imaging, University Hospital Meyer,
Florence, Italy

Adriana Echegaray Diagnus — Prenatal Diagnosis and Teaching Center,
Cordoba, Argentina

Lydia Masako Ferreira Division of Plastic Surgery, Federal University of
Sao Paulo/UNIFESP, Sao Paulo, Brazil

Roberta Granese Department of Obstetrics and Gynecology, Azienda
Ospedaliera Universitaria di Messina, G. Martino, Messina, Italy

Gianpaolo Grisolia Prenatal Diagnostic Service, Department of Obstetrics
& Gynecology, “Carlo Poma” Hospital, Mantua, Italy

XV



XVi Contributors

Gerlinde M. Gruber Department of Systematic Anatomy, Center for
Anatomy and Cell Biology, Medical University of Vienna, Vienna, Austria

J. Ciaran Hutchinson Department of Paediatric Pathology, Great Ormond
Street Hospital for Children, London, UK

Arie Koifman Institute of Human Genetics, Prenatal Genetic Diagnosis
Service, Soroka University Medical Center, Ben-Gurion University of the
Negev, Beer-Sheva, Israel

Mario Lituania Periconceptional and Prenatal Diagnostic Service, IRCCS
Galliera Hospital, Genoa, Italy

Gustavo Malinger OB-GYN Ultrasound Unit, Department of Obstetrics
and Gynecology, Lis Maternity Hospital, Tel Aviv Medical Center, Tel Aviv,
Israel

Pilar Martinez-Ten Delta — Ultrasound Diagnostic Center in Obstetrics
and Gynecology, Madrid, Spain

Ron Maymon Ultrasound Unit, Department of Obstetrics and Gynecology,
Assaf Harofeh Medical Center, Zerifin, IsraelSackler School of Medicine,
Tel Aviv University, Tel Aviv, Israel

Yaakov Melcer Ultrasound Unit, Department of Obstetrics and
Gynecology, Assaf Harofeh Medical Center, Zerifin, Israel

Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel

Glaucia Aparecida Menezes Department of Gynecology and Obstetrics,
Federal University of Latin American Integration (UNILA), Foz do Iguacu,
PR, Brazil

Alice Munari Pediatric Radiology and Neuroradiology Department,
Children’s Hospital “V. Buzzi”, Milan, Italy

Fabio Xerfan Nahas Division of Plastic Surgery, Federal University of Sao
Paulo/UNIFESP, Sao Paulo, Brazil

Marcello Napolitano Pediatric Radiology and Neuroradiology
Department, Children’s Hospital “V. Buzzi”, Milan, Italy

Jose H. Ochoa Diagnus — Prenatal Diagnosis and Teaching Center, and
Department of Fetal Diagnosis, Cordoba University Hospital, Cordoba,
Argentina

Marcella Palmisano Department of Obstetrics and Gynecology, Prenatal
Diagnostic Service, AUSL Reggio Emilia, Guastalla Civil Hospital, Reggio
Emilia, Brazil

Jurandir Piassi Passos Department of Obstetrics and Gynecology, Paulista
School of Medicine — Sao Paulo Federal University of Sao Paulo (EPM-
UNIFESP), Sao Paulo, Brazil

Elisabetta Pelo Medical Genetics, High-Risk Obstetrics and Pediatrics
Department, University Hospital Careggi, Florence, Italy



Contributors XVii

Daniela Prayer Division of Neuroradiology and Musculoskeletal
Radiology, Department of Radiology, Medical University of Vienna,
Vienna, Austria

Anna Ravelli Pediatric Radiology and Neuroradiology Department,
Children’s Hospital “V. Buzzi”, Milan, Italy

Lucia Rosignoli Prenatal Diagnostic Unit, University Hospital Meyer,
Florence, Italy

Natasha Sallum Division of Plastic Surgery, Federal University of Sdo
Paulo/UNIFESP, Sao Paulo, Brazil

Eduardo Félix Martins Santana Department of Obstetrics, Paulista
School of Medicine — Sao Paulo Federal University of Sao Paulo (EPM-
UNIFESP), Sao Paulo, Brazil

Neil J. Sebire Department of Paediatric Pathology, Great Ormond Street
Hospital for Children, London, UK

Francisco Sepulveda Division of Neuroradiology, Department of
Radiology, UNC Hospital, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

Anna Venegoni Pediatric Radiology and Neuroradiology Department,
Children’s Hospital “V. Buzzi”, Milan, Italy

Rolando P. Vildoza Diagnus — Prenatal Diagnosis and Teaching Center,
and Department of Fetal Diagnosis, Cordoba University Hospital, Cordoba,
Argentina

Heron Werner Department of Radiology, Clinica de Diagndstico por
Imagem (CDPI), Rio de Janeiro, RJ, Brazil



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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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
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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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