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Notice

Medicine is an ever-changing science. As new research and clinical experience broaden our knowledge,
changes in treatment and drug therapy are required. The authors and the publisher of this work have
checked with sources believed to be reliable in their efforts to provide information that is complete and gen-
erally in accord with the standards accepted at the time of publication. However, in view of the possibility
of human error or changes in medical sciences, neither the authors nor the publisher nor any other party
who has been involved in the preparation or publication of this work warrants that the information con-
tained herein is in every respect accurate or complete, and they disclaim all responsibility for any errors or
omissions or for the results obtained from use of the information contained in this work. Readers are en-
couraged to confirm the information contained herein with other sources. For example and in particular,
readers are advised to check the product information sheet included in the package of each drug they plan
to administer to be certain that the information contained in this work is accurate and that changes have
not been made in the recommended dose or in the contraindications for administration. This recommenda-
tion is of particular importance in connection with new or infrequently used drugs.
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This book is dedicated to Mortimer G. Rosen,
friend and mentor, whose early research on the fetal
brain was an inspiration to me and many other
young researchers struggling to understand the fe-
tal brain. By creating the necessary clinical and sci-
entific environment for such studies, he became very
much a part of its “birth.” Many years ago, probably
at the beginning of his career as a perinatologist,
Dr. Rosen recognized the importance of studying
the human fetal brain. Surrounded by a growing
group of enthusiastic scholars, including residents,
maternal-fetal fellows, biomedical engineers, and
biochemists, he pursued his research on one of the
most difficult subjects: the physiology and the phys-
iopathology of the fetal central nervous system.

Dr. Rosen believed that the then available sys-
tems for monitoring fetal health and well being were
inadequate for predicting the intellectual function-
ing of the neonatal brain. He was always seeking
new ways for studying the developing human brain.

When ultrasonography was introduced, Dr.
Rosen was among the first to encourage its use in

the study of fetal behavioral studies. When he saw
the first detailed, crystal clear pictures of the prena-
tal central nervous system achieved by high fre-
quency transvaginal imaging, he immediately un-
derstood the enormous potential of this laboratory
technique.

His scientific integrity and skepticism stimu-
lated us to become experts in our field, and furnish
objective results to prove the clinical value of high
resolution brain scanning of the fetus.

When I presented him with the outline of this
book, he was not only supportive, but promised to
contribute a special chapter on cerebral palsy, a sub-
ject in which he was extremely interested. This is
the only time he let us down. The chapter never got
further than its introduction. Mort Rosen—my men-
tor and friend, as well as enthusiastic supporter of
our endeavors—passed away in 1992, not living long
enough to see the fruits of his labors.

To you, Mort Rosen, in loving memory. I think
you would be proud of this work.

Ilan E. Timor-Tritsch, MD
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Foreword

Over the past few decades the continued research
efforts of basic scientists and clinicians have led to
extraordinary advances in the utilization of ultra-
sound in clinical medicine. Drs. Timor-Tritsch,
Monteagudo, and Cohen have continued to explore
the fetal and neonatal brain to add to our continu-
ing knowledge to produce yet another landmark
textbook. This book adds to our understanding of
the role of ultrasound in the evolution of both the
fetal and newborn central nervous systems. Normal
development as well as central nervous system ab-
normalities are beautifully illustrated in this sec-
ond edition. This book synthesizes basic embryol-
ogy and pathophysiology into a well written and
illustrated text while exploiting the latest imaging
modalities. This text has further enhanced what
they already contributed in the first edition. The
editors are clearly the recognized authorities in this
field and the contributing authors are recognized
experts in the area of their contributions. This
beautifully illustrated book is fascinating, concise
and essential.

This text is another major contribution to med-
ical science. I am confident it will prove to be essen-
tial to every clinician involved in prenatal diagnosis

and neonatal care. This is a book that belongs in
every library and clinical site where obstetrics and
pediatric patients undergo ultrasound examinations.
The addition of new areas and chapters in this edi-
tion, such as the role of three-dimensional imaging,
both are timely and essential. The authors have al-
ready reported on the key and superior role that this
modality plays in the diagnosis of many abnormali-
ties heretofore not amenable to prenatal diagnosis by
ultrasound. The introduction of topics on fetal ther-
apy also brings new innovations and exciting new ap-
proaches that are now being undertaken in this field.

It is clear that Drs. Timor-Tritsch, Monteagudo,
and Cohen have advanced their leadership in this
field by yet another essential and magnificent text
in this most important area of fetal and neonatal de-
velopment. Along with their contributing authors,
they have produced a monumental addition to our
literature.

Lawrence D. Platt, M.D.
Chairman, Department of Ob/Gyn
Cedars-Sinai Medical Center

Professor and Vice Chair
UCLA School of Medicine



Preface to the Second Edition

Responding to the positive feedback to the First Edi-
tion of our book we decided to update it and expand
its content. An additional reason for this decision
was the amount of new and pertinent articles which
have accumulated in the last 3-4 years. We wanted
to review them and add most of them to the more
than 1100 references we used in the First Edition.

As far as the chapters are concerned, every pre-
viously written chapter was updated and then there
are several new chapters. Major changes were made
in Chapters 2, 4, 5 and 8 to reflect the new clinical
experience in the field of fetal neuroscan and fetal
neuro-MRI. New sonographic images of commonly
encountered entities were added to the previously
published ones. Several rarely seen fetal neu-
ropathologies were also illustrated and were in-
cluded. All chapters were updated with the newest
articles from the literature to justify the term “refer-
ence textbook,” a term used by many as they men-
tion the First Edition of the book.

Two new chapters (9 and 14) were added deal-
ing with three-dimensional fetal and neonatal neu-
roscans. Pediatric neurologists and neurosurgeons
rely on neonatal CT and MRI images to study the
neonatal brain. So far they seemed hesitant to coun-
sel and to plan postnatal (and prenatal) manage-
ment of pathologies based upon prenatal ultrasound
imaging studies. The reason was, that the prenatal
images were obtained at planes unfamiliar to them.
They were waiting to see the postnatal imaging
studies. Since the introduction of 2D and now of 3D
transfontanelle fetal neuroimaging by high fre-
quency, high resolution ultrasound clear images can
be generated in the planes which are familiar to pe-
diatric neurologists and neurosurgeons. The ex-
pected result of these images is a better understand-
ing of the pathologies leading to an earlier prenatal
counseling and planning for postpartum manage-
ment before the neonatal studies are available. We
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predict that the 3D fetal and neonatal brain scan
will expand and will be widely employed as effective
diagnostic means.

The addition of two new chapters deals with
devastating diseases of the fetal brain and attempts
for their correction. Chapter 16 summarizes possi-
ble causes of cerebral palsy and Chapter 18 is a de-
scription of attempts to correct neurological patholo-
gies in utero. It seems that after the well known
moratorium to treat diseases of the brain, while the
fetus is still in the womb, there may be a place for
intrauterine treatment for a well selected patient
population after adequately researched surgical pro-
cedures.

The use of the icons at the side of ultrasound
images, to indicate the particular plane or section at
which the image was generated, was extended to
several more chapters. This ensures a better under-
standing of the anatomy depicted.

We tried (quite successfully) to standardize the
anatomic nomenclature throughout the book and
based it on the latest issue of the internationally ac-
cepted Nomina Anatomica. Correctly or incorrectly,
some terms are so deeply “embedded” in the daily
use, that it may be impossible to constantly correct
them. One such example is the word “hydrocephaly”
(the accepted, correct way to use it) which over time
was changed to “hydrocephalus” and (probably in-
correctly) used in many publications. We selected to
use the correct term “hydrocephalus” in all chapters.

We hope that the Second Edition of this book
will contribute to the understanding and most im-
portantly the earliest possible detection of neurolog-
ical diseases of the fetus and the newborn.

Ilan E. Timor-Tritsch, MD
Ana Monteagudo, MD
Harris L. Cohen, MD



Preface to the First Edition

The concept for this book was born many years ago
and was preceded by careful acquisition and selec-
tion of representative neurosonograms of normal
and abnormal cases. The central nervous system is
probably the most elaborate and intricate organ or
system in the human body. Minute structural ab-
normalities can, at times, reflect major functional
deficiencies. On the other hand, it would appear
that at times major anatomic defects do not seem to
be associated with significantly deviant function. It
is extremely important to study and understand the
normal and abnormal fetal and neonatal central
nervous system. The central nervous system is one
of the common sites of anatomical malformation in
the fetus with chromosomal abnormality. The detec-
tion of anomalies within the fetal and neonatal
brain is feasible using modern imaging techniques,
such as ultrasound, computed tomography, and
magnetic resonance imaging.

The aim of prenatal ultrasonography is to be
able to reassure the pregnant patient as early as
possible that fetal development is normal; or if a
malformation is detected to counsel the patient
about the nature of the problem. Most anomalies of
the central nervous system develop early, and we
have the tools to detect these as early as 10 to 16
weeks. Early detection of such central nervous sys-
tem anomalies is probably the most important ad-
vance in modern perinatology. Neonatal ultrasound
confirms the prenatal diagnosis. In addition, neona-
tal neurosonography is a powerful tool in diagnosing
central nervous system pathology.

The first chapter deals with the development of
the human central nervous system. Its authors are
the distinguished professors Ronan O’Rahilly and
Fabiola Miiller, who have a lifetime of professional
experience. Professor O’Rahilly not only took time to
write about the embryology of the brain, but also in-
vested valuable time in overseeing the correct

anatomical terminology used throughout most of the
chapters.

The vast imaging possibilities of ultrasound in
general and that of transvaginal sonography in par-
ticular regarding the fetal brain, are dealt with at
the beginning of our book and lead into the chapters
describing the detectable pathology in the fetal and
neonatal central nervous system. Because fetal and
neonatal neurosonographic scanning is performed
using the anterior fontanelle and other calvarial
openings, the “classical” axial planes cannot be used
to describe the images obtained in the fan-shaped
sonographic sections. It was our goal to keep the
“classic” planes in use by CT and by MRI imaging
of the brain and create a separate and well defined
set of planes and sections for the fetal brain imag-
ing. A new nomenclature regarding the scanning
planes of the fetal brain is introduced in Chapters 1,
2, 3, and 4.

We felt that a special and dedicated chapter
dealing with biometry of the fetal brain should be
included. A large number of tables and graphs as
well as measurements of the fetal brain are incorpo-
rated for reference.

Because the fetal eye and the fetal face are fre-
quently associated with brain pathology, two special
chapters are devoted to these structures. Dr. Israel
Meizner and Dr. Moshe Bronshtein’s group from Is-
rael have the most imaging experience in these two
areas and contributed these two important chap-
ters, which we believe are the most detailed in the
literature dealing with those subjects.

Neonatal neurosonology is an established diag-
nostic entity which has earned its well deserved
place in the armamentarium of the neuroimager
since its introduction in 1979. Chapters concerning
imaging of the normal and abnormal neonatal
brain, and the chapter by Dr. Madhuri Kirpekar
dealing with the spine, are included to form a con-

XVii



tinuum as far as the sonographic neuroimaging
workup of the prenatal and neonatal CNS.

The chapter written by Gianluigi Pilu and Vin-
censo D’Addario and their co-workers from Italy,
made a significant contribution to the book by touch-
ing on the subject of the midline brain pathologies
and the recently introduced attempts to image the
fetal brain using MRI.

It is hard and labor intensive to study the phys-
iological aspects of the brain. This was successfully
done by recognized authors such as Jan Nijhuis who
reviewed the fetal behavioral states coordinated by
the brain and by Shimon Degani and Reuven Lewin-
sky summarizing the clinical uses of measuring the
blood flow to the central nervous system.

Finally, the ethical aspects of neurosonography
are explored by Frank Chervenak, who over the
years has become an authority in the field of medical
ethics.

This book was written for the perinatologists,
neonatologists, perinatal geneticists, as well as the
imaging specialists such as radiologists, obstetri-
cians, and sonographers who see the fetus and
neonate in their clinical practice. These specialists
scan the fetal and neonatal brain themselves or are
directly involved with managing pregnancies with
structural malformations or anomalies of the cen-
tral nervous system. Special emphasis was placed
on the creation of an objective and exhaustive up-
dated review of the pertinent literature so that the

reader would have a wide reference base on each
subject. As far as the illustrations are concerned,
the authors were encouraged to be liberal about in-
cluding an unrestricted number of cases and their
sonographic manifestations in their respective chap-
ters. This may, therefore, lead to some duplication
by presenting the same disease or pathology more
than once. However, by allowing some deliberate
repetition in depicting various cases, we, hopefully,
covered the commonly occurring pathologies. We
consider such occasional and repetitive presenta-
tions as one of the advantages of the text enabling
the reader to be educated by the experiences of the
different authors and their various points of view.

One of the particular strengths of presenting
the sonograms is that we chose to include small
body images so that readers could orient themselves
as to how an individual sonographic view was ob-
tained. This will, we hope, enable readers to quickly
grasp and understand the actual planes used to gen-
erate the pictures.

We suggest that neuroimaging of the fetus be
included in the structural evaluation of the fetus at
any gestational age. We also believe that practition-
ers involved in fetal and/or neonatal neuroimaging
will benefit from using this carefully prepared text.

Ilan E. Timor-Tritsch, MD
Ana Monteagudo, MD
Harris L. Cohen, MD
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