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Foreword

We live not only in an era of hope, 
but also in one of stupefying scien­
tific advances. Nowhere are these 
advances as conspicuous as in gene­
tics where the methods of molecular 
biology have allowed an unprece­
dented insight into the ways all living 
forms are related and organized with 
respect to transmission from one 
generation to the next.

However, many biologists have 
voiced disappointment that our un­
derstanding of development has not 
progressed to a similar degree. And 
of course, they are largely correct. 
Even knowing “The Code” as well 
as we do, we are still far from un­
derstanding the relationship bet­
ween genetic and cytogenetic varia­
bility and the “reason” for the truly 
extraordinary conservatism of mor­
phogenetic themes that characteri­
zes vertebrate development. While 
it is true that we have made much 
greater progress in understanding 
phylogeny than ontogeny, recent 
insights into cellular adhesion mo­
lecules, peptide regulatory (growth) 
factors, homeoboxes and the role of 
retinoic acid and its receptors in 
brain and limb differentiation give 
great hope of further advances in the 
understanding of ontogeny.

Clinicians can be proud of the role 
they have played in advancing such 
understanding through the study of 
“developmental pathology". It was 
Meckel and Etienne Geoffroy St. 
Hilaire who first studied the evolu­
tionary implications of malforma­
tions in humans and other verte­
brates, particularly as they relate to 
normal stages of development in 
different species. It was the latter’s 
son Isidore Geoffroy St. Hilaire who 

introduced the term Teratologie to. 
designate the systematic study of 
dysmorphogenesis at the beginning 
of a century of investigation which 
saw the emergence of genetics as a 
causal attempt to understand deve­
lopment, experimental embryology 
and teratology (Roux’s Entwick- 
lungsmechanik) as an attempt to 
analyse mechanisms of develop­
ment and developmental genetics to 
resolve the thorny problem of reca­
pitulation (i.e. the relationship be­
tween phylogeny and ontogeny). 
For a while it looked as if develop­
mental pathology would also suffer 
the same recent fate as the rest of 
morphology - namely virtual extinc­
tion; however, this supremely im­
portant field of biology is expe­
riencing a very gratifying resurgence.

The reason for this is easy to 
identify and is well documented in 
the present “Atlas of Fetal Diagnosis” 
edited by Zoltan Papp. With an ever 
increasing care in planning repro­
duction and concern about its out­
come, there is an ever growing need 
for the expertise of clinical genetics, 
fetal pathology, anatomy, embryo­
logy and teratology to provide ac­
curate causal and pathogenetic an­
swers to the “why” and “how” of hu­
man maldevelopment asked by 
every parent and professional. This 
beautifully produced and illustrated 
book will pfbvide many of these 
answers in one of the best ways 
morphology can be studied - namely 
by use of hundreds of good pictures 
correlating clinical, anatomical and 
ultrasonographic data and images. 
The illustrations are surely the most 
instructive part of this book in por­
traying conditions sometimes diffi­

cult or impossible to describe in 
words; however, the text accom­
panying each section will amply re­
pay even a cursory study and the 
well-chosen references will provide 
access to additional and related ma­
terial.

Thus, from a clinical perspective 
this book is a beautiful illustration of 
the truth of von Baer’s statement: 
Die Entwickelungsgeschichte ist der 
wahre Lichttrager fur Untersuchun- 
gen uber organische Korper (Uber 
Entwickelungsgeschichte der Thiere, 
1828), and amply justifies our en­
thusiasm in continuing our study of 
developmental abnormalities in hu­
mans before birth!

December 1991 John M. Opitz
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Introduction

About 20 to 25% of perinatal deaths 
result from fetal anomalies. Tech­
niques and practice of genetic coun­
selling and prenatal diagnosis can 
obviously reduce this rate. Parents 
now expect accurate counselling af­
ter the birth of a severely malformed 
child, and this can only be provided 
when a precise diagnosis is known. 
The assessment of such material re­
quires a combination of skills and 
knowledge spanning the fields of 
clinical genetics, embryology, pa­
thology, teratology, obstetrics and 
paediatrics.

The information obtained from 
careful study of aborted or mal­
formed conceptuses is crucial in 
providing accurate information to 
parents and physicians. There is a 
genuine need for an easy-to-use text 
with colour pictures that offers a 
systematic approach to the evalua­
tion and study of maldevelopment in 
the embryo and fetus diagnosed 
prenatally (embryopathology, feto- 
pathology). Termination may follow 
prenatal diagnosis in pregnancies 
after the birth of a child with a rare 
syndrome. In these cases, it is essen­
tial for the examiner to have access 
to the relevant literature before de­
tailed examination of the termina­
tion specimen.

This book should be regarded as a 
supplement to my previous book 
entitled Obstetric Genetics, pub­
lished by Akademiai Kiado (Buda­
pest 1990). Subsequently, the text is 
mainly based on the Obstetric Ge­
netics. This atlas is intended as a 
working manual for obstetricians, 
paediatricians, clinical geneticists 
and pathologists faced with specific 
diagnostic problems.

The illustrations for the book 
have been selected from the rich 
collection of material provided by 
our own cases. For the preparation 
of the photographs and pictures I am 
indebted to my Contributors who 
were my students and colleagues 
(and still are my best friends!) (Drs 
Csecsei, Szeifert, Toth), and my wife 
(Dr. Varadi). Conversations with Dr 
Lindenbaum have enabled me to 
clarify many difficult problems in 
clinical genetics and dysmorpho- 
logy. I wish to thank Emese Nagy, 
Dr. Csaba Papp and Dr. Emo Toth- 
Pai for their unstinting help with the 
typing of the manuscript into the 
computer. Some figures were kindly 
provided by my colleagues (Drs 
Istvan Morocz, Laszld Csabay and 
Istvan Szabo). I am indebted to the 
Publisher for agreeing to publish the 
book, to Istvan Benko and Viktor 
Szabo, general managers of Alfoldi 
Nyomda, for providing professional 
copies of the photographs and 
supervising the demanding work of 
printing.

March 1992 Zoltan Papp
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Chapter 1

Prenatal Human Development

Human development is a continu­
ous process that begins when an 
ovum from a female is fertilized by 
a sperm from a male. Growth and 
differentiation transform the zygote, 
a single cell formed by the union of 
the ovum and the sperm, into a mul­
ticellular adult human being. Most 
developmental changes occur du­
ring the embryonic and the fetal pe­
riods, but development does not 
stop at birth; important develop­
mental changes, in addition to 
growth, occur after birth. The most 
striking advances in development 
occur during the first eight weeks, in 
which the embryonic period is in­
cluded. The first three weeks are 
called the pre-embryonicperiod. By 
the end of the eighth week the rudi­
ments of all major structures are 
present. During the fetal period 
(from the ninth week), many organs 
develop further. Though develop­
mental changes are not as dramatic 
as those occurring during the em­
bryonic period, they are very im­
portant. The rate of body growth is 
remarkable, especially during the 
third and fourth months, and weight 
gain is phenomenal during the later 
months.

Pre-embryonic 
and Embryonic Period

Human development begins at fer­
tilization. It is complete when the 
maternal and paternal chromosomes 
intermingle during the metaphase of 
the first meiotic division of the 
zygote. As it passes along the uterine 
tube, the zygote undergoes cleavage 
(a series of mitotic divisions) into a 

number of small cells called blasto­
meres. About three days after ferti­
lization, a ball of 12 to 16 blasto­
meres, called the morula, enters the 
uterus. A cavity soon forms in the 
morula, converting it into a blas­
tocyst consistmg of (1) an inner cell 
mass, or embryoblast, which gives 
rise to the embryo, (2) a blastocyst 
cavity, or blastocoele, and (3) an 
outer layer of cells, the trophoblast, 
which encloses the inner cell mass 
and blastocyst cavity. The pellucid 
zone disappears by enzymatic lysis 
(days 4 to 5) and the blastocyst at­
taches to the endometrial epithelium 
(days 5 to 6). The trophoblastic cells 
then invade the epithelium and the 
underlying endometrial stroma. By 
the end of the first week, the blas­
tocyst is superficially implanted in 
the endometrium. At least 15-20 per 
cent of zygotes are lost during the 
first week of development, com­
monly as the result of chromosomal 
abnormalities.

Implantation of the blastocyst 
begins at the end of the first week 
and ends during the second week. 
The trophoblast begins to differen­
tiate into two layers. The inner cel­
lular layer is the cytotrophoblast, the 
outer syncytium is the syncytiotro- 
phoblast. Lacunae develop in the 
syncytiotrophoblast and soon fuse 
to form lacunar networks. The 
syncytiotrophoblast erodes the en­
dometrial tissues (maternal sinu­
soids and endometrial glands), and 
the blastocyst starts to embed in the 
endometrium (day 8) and sinks be­
neath the surface of the endometrial 
epithelium (days 9 to 10). A primi­
tive uteroplacental circulation is es­
tablished as maternal blood seeps 

into the lacunar networks. Primary 
chorionic villi form on the external 
surface of the chorionic sac, and 
implantation is completed as the 
conceptus is wholly embedded with­
in the endometrium. The defect in 
the, and around the conceptus a 
marked decidual reaction occurs 
(days 13 to 14).

During implantation the primary 
yolk sac forms and extraembryonic 
mesoderm arises from the cytotro­
phoblast. The extraembryonic coe­
lom forms from spaces that develop 
in the extraembryonic mesoderm. 
The primary yolk sac becomes 
smaller and gradually disappears as 
the secondary yolk sac develops. As 
these changes occur the amniotic 
cavity appears as a slit-like space 
between the cytotrophoblast and the 
embryoblast, and the embryoblast 
differentiates into a bilaminar 
embryonic disc consisting of epiblast 
related to the amniotic cavity and 
hypoblast adjacent to the blastocyst 
cavity. The epiblast gives rise to all 
three germ layers of the embryo 
(ectoderm, mesoderm and endo­
derm), the hypoblast represents the 
primitive embryonic endoderm.

The third week is characterized by 
the development of three germ lay­
ers, from which all tissues and or­
gans of the embryo derive, and by 
the formation of three important 
structures (the primitive streak, the 
notochord and the neural tube). The 
process by which the bilaminar 
embryonic disc is converted into a 
trilaminar embryonic disc is called 
gastrulation.

Blood vessels first appear on the 
yolk sac, around the allantois. They 
develop within the embryo shortly 
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thereafter. At the end of the third 
week, the primitive heart is repre­
sented by paired endocardial heart 
tubes that are joined to blood vessels 
in the embryo and in the extraem- 
bryonic membranes. The primitive 
blood cells are derived mainly from 
the endothelial cells of blood vessels 
in the yolk sac and the allantois.

Primary chorionic villi become 
secondary chorionic villi as they ac­
quire mesenchymal cores. Before 
the end of the third week, capillaries 
develop in the villi, transforming 
them into tertiary chorionic villi. 
The rapid development of chorionic 
villi during the third week greatly 
increases the surface area of the 
chorion for the exchange of nut­
rients and other substances between 
the maternal and embryonic circu­
lations.

The third week is a period of rapid 
development of the conceptus, co­
inciding with the first missing 
menstrual period. Bleeding at the 
expected time of menstruation does 
not rule out pregnancy because 
there may be haemorrhage from the 
implantation site. This implantation 
bleeding results from leakage of 
blood into the uterine lumen from 
disrupted blood vessels around the 
implantation site. Early confirma­
tion of pregnancy is possible by tests 
depending on the presence of hu­
man chorionic gonadotropin (hCG) 
in the mother’s urine or by ultra­
sound techniques.

In the embryonic period (fourth 
to eighth weeks) the three germ lay­
ers differentiate into various tissues 
and organs, so that by the end of the 
embryonic period, the beginnings of 
all the main organ systems have been 
established, however, with minimal 
function of most organs. As the or­
gans develop, the shape of the 
embryo changes: longitudinal and 
transverse folding converts the flat 
trilaminar embryonic disc into a 
C-shaped cylindrical embryo. The 
dorsal part of the yolk sac is incor­
porated into the embryo during fol­
ding and gives rise to the primitive 
gut. The primitive gut becomes 

pinched off from the yolk sac but 
remains attached to it by a narrow 
yolk stalk. As the amnion expands, it 
forms an epithelial covering for the 
umbilical cord.

The head fold results in the heart 
eventually lying ventrally and the 
brain becoming the most cranial part 
of the embryo. The tail fold causes 
the connecting stalk (primordium of 
the umbilical cord) and the allantois 
to move to the ventral surface of the 
embryo.

By nine weeks, the yolk sac has 
shrunk to a pear-shaped remnant, 
about 5 mm in diameter, which is 
connected to the midgut by the nar­
row yolk stalk. At week 10, the small 
yolk sac lies in the chorionic cavity 
between the amnion and the chori­
onic sac. The yolk sac shrinks as 
pregnancy advances, eventually be­
coming very small and rather solid. 
By 20 weeks, the yolk sac is very 
small; thereafter, it is usually not vi­
sible. Extremely rarely it is recogni­
zable on the fetal surface of the pla­
centa beneath the amnion near the 
attachment of the umbilical cord 
even at term. In about 2% of adults, 
the proximal intra-abdominal part 
of the yolk stalk persists as a diverti­
culum of the ileum known as Meck­
el’s diverticulum.

By the end of the eighth week, the 
regions of the limbs are apparent, 
the fingers have lengthened, the toes 
are distinct, and all evidence of the 
tail disappears. The head is more 
rounded and erect, but is still dis­
proportionately large, constituting 
almost half of the embryo. The neck 
region has become established, and 
the eyelids are more obvious. The 
abdomen is less protuberant, and 
the umbilical cord is relatively redu­
ced in size. The intestines are still 
within the proximal portion of the 
cord. During the eighth week, the 
eyes are usually open, but toward 
the end of the week, the eyelids may 
begin to meet and become united by 
epithelial fusion. The auricles of the 
external ears begin to assume their 
final shape, but they are still low- 
set. Although sex differences exist in 

the appearance of the external geni­
talia, they are not distinct enough to 
permit accurate sexual identification 
to be made by lay persons.

Because the beginnings of all es­
sential external and internal struc­
tures are formed during the em­
bryonic period, the fourth to eighth 
weeks constitute the most critical 
period of development. Develop­
mental disturbances during this pe­
riod may give rise to major fetal 
anomalies (embryopathies).

At the fourth week (six weeks af­
ter the last menstrual period, LMP), 
the embryo, the amnion and the yolk 
sac compose an over 5 mm long 
structure (the gestational sac) that is 
detectable with scanning. After the 
fifth week (seventh gestational 
week), discrete embryonic struc­
tures can be visualized, and “crown­
rump” measurements are predictive 
of embryonic age. Furthermore, af­
ter the sixth week (eighth gestational 
week), dimensions of the head and 
trunk can be obtained and used for 
assessment of embryonic size. The 
diameter of the gestational sac can 
be measured, but this provides only 
an unreliable estimate of gestational 
age. Later the biparietal diameter 
(BPD) and the femur length provide 
the best parameters for estimating 
the age of the fetus. Even at this 
stage the size and appearance of the 
sac provide useful information 
about possible maldevelopment of 
the embryo. The healthy sac is 
rounded and thick-walled, but an 
abnormal gestational sac may be 
C-shaped, with a thin, ragged wall. 
There is a ring of intense echoes 
around the normal embryo, which 
disappears by the 11th to 13th week; 
this disappearance can be explained 
by the fusion of the parietal and 
capsular decidua and the resorption 
of part of the embryonic tropho­
blast.

The embryonic heart can be seen 
beating from the end of the sixth 
week, providing proof that the 
embryo is alive. Heartbeat fre­
quency is variable, from 120 to 
170/min; at this time the atria of the 
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heart are actively developing and 
differentiating. One must be aware 
of these variations because echoes 
can also arise from maternal vessels, 
and these may be confused with the 
fetal heartbeat if the mother has a 
tachycardia.

From the eighth week fetal move­
ments can be seen, a further and im­
mediate proof of viability.

Fetal Period

The transition from embryo to fetus 
is not abrupt, but the name change is 
meaningful because it signifies that 
the embryo has developed from a 
single cell, the zygote, into a recog­
nizable human being. Development 
during the fetal period (after the 
ninth week) consists primarily in 
body growth and differentiation of 
tissues and organs having started to 
develop during the embryonic peri­
od. The rate of body growth during 
the fetal period is very rapid, espe­
cially between the ninth and twen­
tieth weeks. An obvious change is 
the relative slowing of head growth 
compared with that of the rest of the 
body. Lanugo and hair appear, and 
the skin is coated with vernix caseosa 
by the beginning of the twentieth 
week. The eyelids are closed during 
most of the fetal period but begin to 
reopen at about 26 weeks.

The external genitalia of males 
and females appear somewhat simi­
lar until the end of the ninth week. 
Their mature fetal form is not estab­
lished until the twelfth week. By 
week 16, the ovaries are differenti­
ated and have many primordial fol­
licles containing oogonia. By the 
18th week, the uterus of a female 
fetus is completely formed, and ca­
nalization of the vagina has begun.

Intestinal coils are clearly visible 
within the proximal end of the um­
bilical cord up to the middle of the 
tenth week, when the intestines re­
turn to the abdomen. Urine starts to 
form between the ninth and twelfth 
weeks and is excreted into the am­

niotic fluid. Ossification of the ske­
leton has progressed rapidly by the 
beginning of the 16th week.

Until about 30 weeks, the fetus 
appears reddish and wizened be­
cause of the thinness of the skin and 
the relative absence of subcutaneous 
fat. Fat usually develops rapidly du­
ring the last six to eight weeks, giving 
the fetus a smooth and plump ap­
pearance. Changes occurring during 
the fetal period are not as dramatic 
as those appearing in the embryonic 
period, but they are very important. 
The fetus is less vulnerable to the te­
ratogenic effects of drugs, viruses 
and radiation, but these agents may 
interfere with normal functional de­
velopment and may cause fetal dis­
eases (fetopathies).

Various techniques are available 
for assessing the status of the fetus 
and for diagnosing certain diseases 
and developmental abnormalities 
before birth.

From the sixth gestational week 
ultrasound provides an increasing 
amount of information on the 
embryo/fetus; the characteristic 
embryonal/fetal anatomy can be 
examined with the grey-scale appa­
ratus.

The fetal tissues and organs can 
be divided into three groups on the 
basis of their acoustic properties. 
Ultrasound waves are reflected by 
high-density structures (like the 
bones), and these organs give echo- 
dense images, with acoustic shadows 
behind them. On the other hand 
fluid-filled organs show echo-free 
images; the acoustic waves pass 
freely through and give no inner 
echo. The amniotic fluid, the cardio­
vascular system, the stomach, the 
gallbladder, the urinary bladder, the 
cerebrospinal fluid, ascitic fluid, etc. 
are all echo-free. A further group of 
tissues/organs give medium-gray 
echoes; some of the ultrasound is 
reflected, some passes through, in a 
deflected/modified direction. The 
parenchymal organs (brain, lungs, 
liver, spleen, kidneys, muscles, in­
testines, etc.) belong to this inter­
mediary group.

-------- 1---------
The Placenta and the Fetal 
Membranes

The placenta has two components: 
(1) a fetal portion developed from 
the chorion, and (2) a maternal por­
tion formed by the endometrium. 
The term decidua (deciduus = a 
falling off) is applied to the func­
tional layer of the pregnant endo­
metrium, indicating that it is shed at 
parturition. Three regions of the 
decidua are identified according to 
their relation to the implantation 
site: (1) The part underlying the 
conceptus and forming the maternal 
component of the placenta is the 
basal decidua; (2) the superficial 
portion overlying the conceptus is 
the capsular decidua; and (3) all the 
remaining uterine mucosa is the 
parietal decidua. As the conceptus 
enlarges, the decidua capsularis 
bulges into the uterine cavity and 
soon becomes greatly attenuated. 
Eventually, the capsular decidua 
fuses with the parietal decidua, the­
reby obliterating the uterine cavity. 
By about 22 weeks, reduced blood 
supply causes the capsular decidua 
to degenerate and disappear.

The chorion, the amnion, the 
yolk sac, and the allantois constitute 
the embryonic or fetal membranes. 
These membranes develop from the 
zygote, but do not form part of the 
embryo, with the exception of por­
tions of the yolk sac and allantois. 
The dorsal part of the yolk sac is in­
corporated into the embryo as the 
primordium of the primitive gut. The 
allantois is represented in the adult 
as a fibrous cord, the median umbi­
lical ligament, which extends from 
the apex of the urinary bladder to 
the navel.

Up to about the eighth week, villi 
cover the entire surface of the chori­
onic sac. As the sac grows, the villi 
associated with the capsular decidua 
become compressed, and their 
blood supply reduced; subsequently, 
these villi begin to degenerate, pro­
ducing a relatively avascular, bare 
area known as the smooth chorion, 
or chorion laeve. As this occurs, the 
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------- 1--------------------------------------------------
villi associated with the basal deci­
dua rapidly increase in number, 
branch profusely and enlarge. This 
portion of the chorionic sac is known 
as the villous chorion, or chorion 
frondosum.

The amnion is a membranous sac 
that surrounds the embryo, and later, 
the fetus. Normally the embryo, the 
umbilical cord and the amniotic fluid 
are contained within the amniotic sac. 
The amnion forms the inner layer of 
the fetal membranes (the fetal as­
pect). Externally the chorion, which 
is of mesodermal origin, strongly ad­
heres to the amnion, and separates it 
from the maternal decidua and the 
uterine wall. The amnion is a protec­
tive membrane essential for the 
physiological development of the 
embryo/fetus. Because the amnion is 
attached to the margins of the em­
bryonic disc, its junction with the 
embryo is located on the ventral sur­
face after folding of the embryo. As 
the amnion enlarges, it gradually ob­
literates the chorionic cavity and 
sheathes the umbilical cord, forming 
its epithelial covering. The epithelial 
cells of the amnion possess microvilli 
that probably play a role in fluid 
transfer, e.g., the exchange of water 
and dissolved substances via vessels 
in the parietal decidua.

The amnion is first visible in the 
dorsal part of the germinal layer on 
the 7th-8th day after conception. By 
the 10th-12th weeks of pregnancy 
the fluid-filled amniotic cavity oc­
cupies the whole extraembryonic 
coelom, and then begins to spread 
around the adherent pedicle and the 
regressing yolk sac. Considering an 
early amniocentesis it is important to 
understand the development of the 
amnion. If this is performed before 
the 10th-12th weeks of gestation, 
the needle can easily penetrate the 
jelly-like extraembryonic coelom.

Initially some fluid may be secre­
ted by the amniotic cells, but most 
amniotic fluid is undoubtedly de­
rived from the maternal blood by 
transport across the amnion. The 
fetus also makes a contribution by 
excreting urine into the amniotic 

fluid; by late pregnancy, about 500 
ml of urine is added daily. Fetal 
swallowing of amniotic fluid is a 
normal occurrence. Most of the fluid 
passes into the gastrointestinal tract, 
but some of it also passes into the 
lungs. In either case, the fluid is ab­
sorbed into the fetal circulation and 
then passes into the maternal circu­
lation via the placental membrane. 
In the final stages of pregnancy, the 
fetus swallows up to 400 ml of am­
niotic fluid per day.

When genetic amniocentesis is 
performed, at 16-18 gestational 
weeks, the amniotic fluid volume is 
usually between 170 and 300 ml. Of 
this, 5-20 ml are withdrawn. This 
amount is made up in a few hours; 
the development of the fetus is not 
disturbed by amniocentesis.

The external part of the fetal 
membranes consists of the chorion 
laeve; this, together with the am­
nion, is pierced by the needle at am­
niocentesis. In anencephaly the mac­
rophage-containing layers of the fe­
tal membranes are thickened, and 
well visible in PAS-stained prepa­
rations; the macrophages contain 
conspicuous amounts of fat and 
haemosiderin, which are derived 
from material reaching the amniotic 
fluid through the fetal lesion.

The fetal component of the pla­
centa consists of the chorionic plate 
and the chorionic villi that arise from 
it and project into the intervillous 
spaces containing maternal blood. 
The maternal component of the 
placenta is formed by the basal de­
cidua. As the villi invade the basal 
decidua, they leave several wedge- 
shaped areas of decidual tissue 
called placental septa. The placen­
tal septa divide the fetal part of the 
placenta into ten to 38 irregular 
convex areas, composed of lobes 
and lobules, called cotyledons. Each 
cotyledon consists of two or more 
main stem villi and their many 
branches. The shape of the placenta 
is determined by the form of the 
persistent area of chorionic villi; 
usually this is circular, giving the 
placenta a discoid shape.

The welfare of the embryo and 
fetus depends more on the adequate 
bathing of the chorionic villi by ma­
ternal blood than on any other fac­
tor. Acute reductions of uteropla­
cental circulation result in fetal 
hypoxia, or fetal death. Chronic re­
ductions of uteroplacental circula­
tion result in disturbances of growth 
and development that constitute a 
syndrome known as intrauterine 
growth retardation.

Between the two circulations 
there is a “barrier” called placental 
membrane. It consists of the fetal 
tissues separating the maternal and 
fetal blood. Until about 20 weeks, it 
consists of four layers: (1) syncytio- 
trophoblast, (2) cytotrophoblast, (3) 
the connective tissue core of the vil­
lus, and (4) the endothelium of the 
fetal capillaries. The placental 
membrane acts as a true barrier only 
when the molecule has a certain size, 
configuration and charge. Most 
drugs or other chemicals present in 
the maternal plasma will also be 
found in the fetal plasma. Most in­
fectious organisms also penetrate 
the placental membrane and enter 
the fetal blood, often causing death 
and/or anomaly of the embryo/fe­
tus.

The umbilical cord attaches to the 
fetal surface, and its amniotic cove­
ring is continuous with the amnion 
adherent to this surface of the pla­
centa. The vessels radiating from the 
umbilical cord are clearly visible 
through the smooth transparent 
amnion. The umbilical cord vessels 
subdivide on the fetal surface to 
form the chorionic vessels, which 
supply the chorionic villi. The at­
tachment of the umbilical cord is 
usually near the centre of the pla­
centa, but it may be found at any 
point (e.g., at the edge producing a 
battledore placenta, or to the 
membranes forming a velamentous 
insertion). The umbilical cord usu­
ally contains two arteries and one 
vein surrounded by mucoid con­
nective tissue, often called Whar­
ton ’s jelly.

Because the umbilical vessels are 
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longer than the cord, twisting and 
bending of the vessels is common. 
The vessels frequently form loops, 
producing so-called false knots that 
are of no importance. True knots in 
the cord may cause fetal hypoxia 
and death. Because the knots are 
usually loose, they have no clinical 
importance. If a true knot forms 
early in pregnancy and tightens 
owing to fetal movements, the knot 
may interfere with the fetal circula­
tion and cause death and abortion of 
the fetus. Simple looping of the cord 
around the fetus occasionally oc­
curs, sometimes without increased 
fetal risk. In some malformed fe­
tuses, only one umbilical artery is 
present (single umbilical artery). 
The single umbilical artery results 
from either agenesis or obliteration 
of the other artery early in develop­
ment.

When, twenty years ago, it was 
found that amniotic fluid cells could 
be used for cytogenetic analysis, it 
was shown that chorionic villus cells 
(trophoblasts) provided an even 

faster karyotype. The method with 
trophoblast is time-saving, for this is 
a continuously dividing tissue, where­
as the cells exfoliated into the am­
niotic fluid must be cultured in vitro 
to provide dividing cells in sufficient 
number. However, there had earlier 
been no well-developed method for 
sampling trophoblast, and amnio­
centesis, an easier procedure to per­
form, became more popular.

In the development of chorionic 
villus sampling (CVS), the intro­
duction of ultrasound technique 
deserves emphasis. As ultrasound 
diagnosis was improved, the CVS 
technique developed further. It has 
now been shown that not only the 
whole chromosome set of the em­
bryo, but its DNA constitution, and 
even certain enzyme activities, can 
be examined in chorionic villus ma­
terial. Some authors aspirate the 
sample, others use a biopsy device; 
some prefer the transabdominal 
route to the transcervical. Samples 
obtained may weigh 10 to 30 mg. 
[The preferred minimum weight for

DNA studies has been 30 mg, for 
chromosome analysis 10 to 20 mg, 
and for enzyme tests 1 to 2 mg; but 
DNA work can now be done on very 
small samples (< 1 mg), using poly­
merase chain reaction (PCR).] The 
sample is examined immediately 
under the stereomicroscope to con­
firm that it consists of chorionic tis­
sue and not decidua.

Second-trimester (transabdomi­
nal) CVS can be performed at any 
time between eight gestational 
weeks and term. When this tech­
nique is used in the second or third 
trimester it is often called placental 
biopsy.

In general CVS is the better 
method for DNA analysis, amnio­
centesis might be required for cer­
tain enzyme tests, and the two meth­
ods are equally effective for chro­
mosome analysis.

In the third trimester placental 
biopsy may be used for chromosome 
analysis, indications including int­
rauterine growth retardation and 
abnormal ultrasound finding (mal­
formation?).
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Figure 1-1. A normal five-week-old embryo showing anterior 
and posterior limb buds and normal vascularization of the yolk 
sac. The relatively large brownish-coloured liver can be seen 
in the abdomen.

Figure 1-2. Longitudinal scan obtained by transvaginal probe 
after five weeks of amenorrhoea, displaying the earliest 
ultrasonic sign of pregnancy: a small ring-like structure inside 
the uterus known as the gestational sac (arrows). The fetal pole 
is still below the resolving power of the ultrasound unit 
and cannot be visualized.

Figures l-3a and 3b. A completely 
expelled egg-shaped five-week 
gestational sac partly covered with 
chorionic villi. Inside, the outlines of the 
yellow-coloured embryo are clearly 
visible (l-3a). Figure l-3b shows 
the opened sac with the embryo.
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Figure l-4a. A normal five-gestational-week-old embryo in the gestational sac (CRL-0 54 cm) Yolk sac 
primitive heart (red) and implantation bleeding (blue) are also seen (transvaginal colour Doppler imaging)’ 
(1 ransvaginal scanning causes no inconvenience for the patient and the examinations are not dependent on a 
filled bladder. The short distance to the organs of interest makes it possible to use a high resolution transducer 
giving well differentiated image information.)

Figure l-4b. Longitudinal scan obtained by transvaginal colour Doppler probe after seven weeks 
of amcnorrhoea, displaying embryo and yolk sac in the gestational sac. The placenta starts to develop 
as an echogenic area at the lower pole of the uterus. H

Figure l-4c. In a normal eight-gestational-week-old embryo the aorta can be seen. The intervillous spaces are 
containing maternal blood. r
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Figure l-4d. First-trimester diagnosis of a twin conception (eighth gestational week, transvaginal colour 
Doppler imaging).

Figure 1 -4e. Ultrasound scan obtained by transvaginal probe after eight weeks of amenorrhoea. The embryo, 
the amnion and the extraembryonic coelom are seen.

Figure l-4f. In an eight-gestational-week-old gestational sac the yolk sac is attached to the embryo by a narrow 
yolk stalk.
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Figure l-4g. Transvaginal colour Doppler scan of a normal nine-week-old embryo, yolk sac and yolk stalk 
The colours at the low pole of the gestational sac sign the circulation of the maternal blood in the intervillous spaces.

Figure l-4h. Normal ultrasound anatomy of an eleven-week-old embryo, 
in the heart is also seen (transvaginal colour Doppler imaging).

( irculation in the umbilical cord and

Figure l-4i. Intact ectopic pregnancy of seven weeks. The embryo can be seen in the gestational sac 
surrounded by maternal vessels (transvaginal colour Doppler imaging).
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Figure 1 -4j. In an intact ectopic pregnancy not only the embryo but the yolk sac is also seen.

Figure I-4k. Missed abortion: in the deformed gestational sac colour flow in the embryonic mass cannot be 
detected. No cardiac activity. (Transvaginal colour Doppler imaging).

Figure 1-41. Ultrasound scan of a very small-for-date embryo in a gestational sac in missed abortion Colour 
flow showing a highly vascularized area close to the gestational sac in the intervillous space vessels.
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Figure 1-5. A mid-segment transverse section of a five-week-old embryo (1 — right ventricle, 2 right lung bud, 3 pleural 
cavity, 4 - dorsal aorta, 5 - cavity of spinal cord, 6 - posterior root ganglion, 7 - myotome, 8 - left posterior cardinal vein, 
9 - left pleuro-peritoneal cavity, 10 - left lung bud, J1 - vena cava inferior, 12 - left ventricle.

Figure 1 -6. A five-week-old embryo.

Figure 1-7. The transverse transvaginal 
sonogram of a normal gestation at six 
weeks shows the embryo lying at the 
bottom of the sac. The ring-like 
structure above it represents 
the primitive yolk sac.
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Figure 1-8, Lateral view of a 
we -preserved macerated embryo 
abortion"^ fr°m ’ Seven'week spontaneous

Figure 1-9. A completely expelled seven-week-old embryo with fetal membranes.

Figure 1-10. Transverse transvaginal 
onogram showing an embryo with a 

length of 16 mm consistent 
lc menstrual age of seven weeks.

■gure 1-11. Normal seven gestational week-old embryo in the 
gestational sac surrounded by the placenta.
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Figure 1-12. A very small growth-retarded embryo in a 
longitudinally opened gestational sac in a missed abortion. 
Note the extreme disproportion in size between sac and embryo.

Figure 1-13. Missed abortion at 11 weeks. The uterine cavity 
is filled with a mass of echogenic tissue. [Note the small 
growth-retarded fetus (10 mm) and the haemorrhagic decidual 
tissue.] There was no cardiac activity.

Figure 1-14. Occipital neural tube defect in a seven-week-old macerated embryo 
(spontaneous abortion material).

Figure 1-15. Lumbosacral spina bifida 
in a seven-week-old macerated embryo 
(missed abortion material).
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Figures 1-16 and 17. Blighted ova 
(longitudinally sectioned empty gestational 
sacs).

Figure 1-18. Longitudinal scan through a 
pregnant uterus at nine-weeks gestation 
showing a blighted ovum with some solid 
echoes within the sac.

Figure 1-20. An abnormally shaped cylindrical embryo • 
within a completely expelled gestational sac in missed abortion. 
Around the sac is haemorrhagic decidual tissue.

F<gure 1-19. The uterine sonogram at 11 weeks of menstrual 
age shows a blighted ovum with a round sac.
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Figure 1-21. Growth-retarded embryo with anterior and posterior limb buds and tail. 
The gestational sac is opened longitudinally. The embryonic head has an abnormal 
contour, the umbilical cord cannot be identified. There are scattered haemorrhagic 
and fibrinoid necrotic changes in the chorionic plate.

Figure 1-22. Transverse sonogram 
showing a nine-week irregular gestational 
sac (Gs) with a dead embryo (E).
The irregular hypoechoic area represents 
blood in the uterine cavity. The amniotic 
and chorionic membranes are greatly 
elevated.

Figure 1-23. An eight-week-old disorganized embryo with median 
cleft lip and large exomphalos (spontaneous abortion).
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Figure 1-24. Normal nine-gestational-weeks-old fetus 
and placenta.

Figure 1-25. The developing embryonal 
organs are well seen in sagittal section 
(nine weeks gestation).

Figure 1-26. Transverse sonogram 
showing a 25 mm fetus corresponding to a 
nine-week-old embryo. The yolk sac can 
be discerned in the extraembryonic coelom.

Figure 1-27. Longitudinal sonogram 
showing a 51 mm, 12-week-old fetus lying 
on its back. The head, body and arm can 
be discerned. The amniotic membrane can 
be delineated.

Figure 1-28. A 14-week-old fetus with 
clearly visible fetal head, body and limbs.

31



1

Figure 1-30. Unfused membranes at 11 weeks. The amnion and 
chorion can be delineated.

Figure 1-29. Normal 
14-gestational-weeks old fetus in the 
amniotic cavity. Placenta and both 
layers of the membranes (amnion and 
chorion laeve) are well seen.

Figure 1-31. The superficial skin layer covering the fetal body 
consists of a thin keratinizing squamous epithelium 
[end of the 24th week] (HE, x400).
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F igure I -32. Typical swollen groups of decidual cells with a 
pale or clear cytoplasm, intermingled with necrotic debris: 
early pregnancy (HE, x!60).

Figure 1-33. Decidual cells at a higher magnification (HE, x400).

Figure 1-34. Chorionic villi from a ten-week-old placenta 
(HE, x!60).

Figure 1-35. Chorionic villi, covered by a layer
of syncytiotrophoblast. In the stroma there are thin-walled 
capillaries (HE, x400).

Figure 1-36. Normal 
chorionic villi with a regular 
branching pattern 
(eight weeks gestation).

Figure 1-37. Transcervically performed 
chorionic villus sampling monitored 

by ultrasound (A — amniotic fluid, 
E — embryo, C — cannula).
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Figure 1-38. Velamentous insertion of the umbilical cord. 
The fetus has Mayer-Rokitansky-Kuster-Hauser syndrome.

Figure 1-39. Loose connective tissue from the umbilical cord, 
covered by a layer of amnion (Endes trichrome staining, x!60).

Figure 1 -40. A medium-sized placental 
cyst filled with serous fluid. The surface 
of the cyst is covered by amniotic 
epithelium. A vascular anomaly is also 
seen: one vessel runs separately from 
the placenta (the maternal serum 
alpha-fetoprotein concentration at the 
16th gestational week was elevated, 
but the fetus had no abnormality).
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Figure 1-41. At the 11th gestational week: fetus dead 
from umbilical cord strangulation. There is a groove across 
the side of the neck, below the ear, and across the edge 
of the occipital bone.

Figure 1-42. Umbilical cord loops around 
the fetal legs.

Figure 1-43. Severely macerated fetus and placenta. The umbilical 
cord is thin, deficient in Wharton’s jelly, and twisted many times 

(termination material after missed abortion diagnosed by ultrasound).
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Figure 1-44. An apparently normal, severely autolysed fetus 
attached to the placenta by a very thin and twisted umbilical cord.

Figure 1-45. Missed abortion material 
caused by the twisted and macerated 
umbilical cord.

Figure 1-46. An apparently normal but severely autolysed 
second-trimester fetus with a long twisted umbilical cord emerging 

from between the legs.
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Figure 1-47. Intrauterine death with marked twisting and knotting of the umbilical cord associated with raised maternal serum 
alpha-fetoprotein.
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Figure l-48 One umbilical artery is missing in the cord (single umbilical artery in a fetus 
affected with ADAM complex, see Chapter 3). Figure 1-49. Transverse scan of the 

umbilical cord displaying two arteries and 
one vein.

Figure 1-50. Amnion lined with cuboidal epithelium at the 
16th gestational week (HE, x400). Figure 1-51. Amnion from a third-trimester placenta 

(HE, x 100).
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Figure 1-52. A section of fetal membranes from 
a second-trimester fetus, to show the various cell layers: 
on the surface the cuboidal epithelium, then the different 
layers of connective tissue, then the underlying chorion 
(PAS, xlOO).

Figure 1-53. The layers rich in macrophages are well visible 
filled with PAS positive material
(16 weeks gestation, anencephaly) (PAS, xlOO).

Figure 1-55. Haemosiderin pigmentation (blue-coloured dots) 
within the fetal membranes (18 weeks gestation, exencephaly) 
(Prussian blue, xlOO).

figure 1-54. Accumulation of fat-droplets is well seen in the 
macrophage-rich layers of amnion and chorion. This abnormal 
increase in fat, in a 21-week-old anencephalic fetus, is shown 
stained with Sudan red (x200).
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Figure 1-56. Anencephaly: siderophages in a smear 
of exfoliated amniotic fluid cells (Giemsa, xlOOO).

Figure 1-57. Haemosiderin-filled macrophages:
smear of exfoliated amniotic fluid cells from a case of spina 
bifida (18 weeks gestation).

Figure 1-59. ANAE-positive macrophages in the fibrovascular 
stroma from a case of anencephaly. These cells remove any 
necrotic brain tissue (ANAE, x400).

Figure 1-58. Alpha-naphthyl-acetate-esterase(ANAE)-positive 
macrophages in the amniotic fluid smear (18 weeks’ gestation, 
anencephaly) (ANAE, x400).

figure 1-60. Large numbers of ANAE-positive macrophages 
(ANAE, x400).
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Figures l-61a and 61b. Double immunofluorescent reaction 
for GFAP (in green) (a) and with Dako-antimacrophage 

monoclonal antibody (in red) (b) in amniotic fluid 
pathognomonic for anencephaly (x270).

Figure 1-62. Hydatidiform mole.
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Chapter 2

Oligohydramnios Sequence

A reduced amniotic fluid volume 
(oligohydramnios) late in preg­
nancy implies a serious problem for 
the fetus (placental insufficiency). 
Recent prenatal diagnostic work has 
demonstrated that oligohydramnios 
occurs also in the earlier stages of 
pregnancy, but then it can only be 
diagnosed by ultrasound.

One possibility to be always con­
sidered is isolated rupture of the 
amnion. If the chorion remains in­
tact, in spite of amnion rupture, am­
niotic fluid may be reabsorbed and 
oligohydramnios develop.

Oligohydramnios of maternal 
origin may develop with certain va­
ginal and cervical problems, result­
ing in premature rupture of the 
membranes and persistent leakage 
of amniotic fluid.

Among fetal factors anomalies of 
the urogenital apparatus are the 
most frequent. The earlier the ap­
pearance of the oligohydramnios the 
more serious the prognosis.

The embryo, suspended by the 
umbilical cord, floats freely in am­
niotic fluid. This bouillon medium 
(1) permits symmetrical external 
growth of the embryo; (2) prevents 
adherence of the amnion to the 
embryo; (3) cushions the embryo 
against injuries by distributing im­
pacts the mother may receive; (4) 
helps control the embryo’s body 
temperature by maintaining a relati­
vely constant temperature; and (5) 
enables the fetus to move freely, thus 
aiding musculoskeletal development.

As oligohydramnios develops the 
normal intrauterine development of 
the fetus is disturbed; and a complex 
anomaly (multiple deformation se­
quence) may result.

Fetuses that have spent a rather 
long period of intrauterine life in a 
confined amniotic fluid space are 
usually bom with a flattened nose, 
ears closely pressed against the 
scalp, and a typical facial expression 
(Potter face).

In the absence of normal bron­
chopulmonary secretion and resorp­
tion of amniotic fluid, there is pul­
monary hypoplasia. The fetus takes 
up an abnormal position, which may 
lead to deformities (hip ’dysplasia’, 
talipes, hypomelia, sirenomelia, 
ectrodactyly, arthrogryposis, pla- 
giocephaly, etc.), and becomes 
growth-retarded.

The fetal deformations result 
from an absence of the mechanical 
buffering effect of the amniotic 
fluid.

Potter Sequence

When the above symptoms are due 
to unilateral or bilateral renal agen­
esis or, less frequently, severe renal 
dysplasia, the term “Potter se­
quence” is used.

This condition is incompatible 
with postnatal life; death is almost 
always within a few minutes or hours 
of birth, not as a result of renal fai­
lure, but as that of pulmonary 
hypoplasia (and very severe atelec­
tasis).

Renal agenesis is usually accom­
panied by agenesis of the ureters and 
bladder. Disturbed development of 
external genitalia may produce a 
pseudohermaphroditic appearance.

Ultrasonography plays the main 
role in prenatal diagnosis. The oli­
gohydramnios, the deformed fetal 

position and the growth retardation 
together with poor bladder filling, 
can be seen on routine ultrasound. 
The diagnosis of renal agenesis, 
pulmonary hypoplasia and the va­
rious deformities caused by the 
constrained position require a more 
thorough ultrasound investigation. 
Occasionally, the maternal serum 
AFP may be elevated.

Other urogenital anomalies 
(urethral agenesis, urethral obstruc­
tion, hydronephrosis) can lead to 
the oligohydramnios deformation 
sequence. Oligohydramnios as a 
sign of poor or absent kidney func­
tion suggests a hopeless prognosis.

Persistent amniotic fluid leakage, 
whatever its origin, can also lead to 
the oligohydramnios deformation 
sequence. Amniotic fluid in vaginal 
secretions can be recognized by a 
simple test (amniotic fluid crystalli­
zation test): salts dissolved in the 
amniotic fluid crystallize from the 
vaginal secretions, forming a fern­
leaf pattern.

As genetic amniocentesis is more 
and more widely performed, one 
must watch out for this possibility. 
Any fluid withdrawn at amniocen­
tesis is soon supplemented. How­
ever, if the puncture allows amniotic 
fluid to slowly leak into the space 
between amnion and chorion, the 
fluid loss may lead to oligohydram­
nios. If the chorion also ruptures, 
amniotic fluid will ooze into the va­
gina. In such cases, with a high risk of 
the deformation sequence and other 
problems, and also the risk of an as­
cending intrauterine infection, in­
terruption of pregnancy may be 
considered.

Leakage of amniotic fluid, lasting 
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only a few days, may occur after a 
genetic amniocentesis (3 to 4% of 
cases). This usually settles with bed 
rest. The amniotic fluid volume and 
the fetus should be checked daily by 
ultrasound.

In less than 1% of amniocenteses 
amniotic fluid leakage leads to un­
wanted abortion (including those 
cases where, following diagnosis of 

severe oligohydramnios, pregnancy 
termination is advised).

In general, oligohydramnios de­
veloping before the 20th week of 
gestation has a poor prognosis, 
whatever its cause. There is no 
treatment, and in most cases the 
condition is irreversible.

A direct relationship has been 
noted between the objective mea­

surement of amniotic fluid volume 
and perinatal outcome. Severe oli­
gohydramnios in the second trimes­
ter is a particularly poor prognostic 
sign secondary to development of 
pulmonary hypoplasia. Oligohyd­
ramnios in the post-term patient is 
also associated with increased peri­
natal morbidity and mortality.
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Figure 2-1. Termination because of severe oligohydramnios (Potter 

sequence, bilateral renal agenesis): in toto expelled fetus 
and placenta. There is virtually no amniotic fluid present, 

and the membranes are smoothed tightly around the fetal body, 
the outline of which is clearly visible, together with the umbilical 

cord which lies around the fetal neck.

figure 2-2. Sonographic scan showing typical fetal 
deformation and compressed position as a consequence 
of oligohydramnios.

Figure 2-3. Fetal structures difficult to discern; a case 
of oligohydramnios. The head (30 mm) and trunk (23 mm) 
can be seen. No kidneys visualized on high-resolution ultrasound.
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Figure 2-4. Typical Potter face and bell-shaped thorax with lung 
hypoplasia resulting from an absence of the mechanical buffering 
effect of the amniotic fluid.

Figure 2-5. Term newborn: normal lung (HE, xlOO).

Figure 2-6. Atelectasis in a hypoplastic lung: most of the alveoli are
8 unexpanded (HE, xlOO).
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Figure 2-7. A typical Potter face: lateral 
view. It is characteristically part of the 
oligohydramnios malformation sequence.

Figure 2-8. Potter face in a case 
of bilateral renal agenesis.

Figure 2-9. Oligohydramnios, deformed 
fetal position and growth retardation can 
be seen in the first half of pregnancy.

Figure 2-10. Longitudinal scan of a fetus 
showing severe oligohydramnios.
Note the lack of kidneys and bladder 
(bilateral renal agenesis).
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2
Figure 2-11. Retroperitoneum of a 19-week-old fetus affected with 
bilateral renal agenesis.

Figure 2-12. Renal agenesis 
in a 17-week-old fetus.

Figure 2-13. Renal agenesis.
Note the oligohydramnios, the narrow fetal 
trunk and the head-trunk disproportion.
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Figure 2-14. Caudal regression syndrome (sirenomelia 
sequence) with bilateral renal agenesis. In addition to fusion 
of the lower limbs, there is anal atresia and agenesis 
of the rectum and part of the sigmoid, agenesis of the internal 
genitalia and genital ambiguity externally.

Figure 2-15. Fusion of the lower limbs: characteristic 
deformity sequence (sirenomelia).

Figure 2-16. Potter sequence. There is 
oligohydramnios, and the head and trunk 
can be seen, but the limbs are difficult to 
discern.

Figure 2-17. Longitudinal scan through 
the fetal limb. There is a severe 

oligohydramnios and the legs are not 
distinguishable.
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Figure 2-18. Potter sequence: characteristic deformity sequence 
(sirenomelia).

Figure 2-19. Potter sequence: fusion of the lower limbs.
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Chapter 3

Amniotic Band Sequence (ADAM Complex)

The “amniotic band sequence” is a 
typical example of a multiple dis­
ruption sequence. Bands, forming 
during intrauterine development, 
may destroy limbs or larger body 
regions of an otherwise normally 
developing embryo, and lead to dis­
ruption. The dysmorphic picture 
depends on the pregnancy stage at 
which the bands arise. Early adhe­
sions can lead to intrauterine death 
and spontaneous abortion; bands 
that appear after organogenesis can 
cause a wide range of disruptions, 
from mild finger constrictions to 
whole limb amputations.

There is no generally accepted 
nomenclature for this disruption se­
quence. The fantasy name “ADAM 
complex” (amniotic, deformity, ad­
hesion, mutilation) seems to be the 
most expressive.

The main sequence patterns are 
as follows: craniofacial disruption, 
eventration leading to absence of the 
thoracic and/or abdominal wall, 
and limb constrictions and amputa­
tions. Adhesions may affect the 
head and face of the fetus; or upper 
limbs, thoracic and abdominal wall; 
or abdominal wall, perineum and 
lower limbs. The disruptions are al­
ways asymmetric, frequently mul­
tiple, and invariably there is evi­
dence of undue fetal constraint (fa­
cial deformity, scoliosis, talipes, 
etc.)

The most acceptable explanation 
involves a primary amniotic rupture, 
not involving the chorion. The am­
niotic fluid then oozes between the 
two membranes and partially sepa­
rates them. As the uterus grows, the 
embryo will be surrounded by am­
nion-free chorion over an ever-in­

creasing area, so that the remnants 
of amnion may often be reduced to a 
small sac at the placental insertion of 
the umbilical cord. Here and there 
the amnion remains attached to the 
chorion, and appears as a bundle of 
bands running between the surface 
of the chorion and the insertion of 
the cord. In addition, the exposed 
mesodermal surface of the amnion, 
and the chorion, tend to attach to the 
fetal skin and form bands and/or 
deformations.

Amniotic fluid is reabsorbed 
through the bare chorion deprived 
of amnion, oligohydramnios deve­
lops, and fetal deformation results; 
deformations become more exten­
sive and the likelihood of adhesion 
increases. Adhesions are also facili­
tated by the short umbilical cord 
usually found in the ADAM com­
plex. It is also possible that, as the 
uterus grows, the chorion trans­
forms into a smooth endothelium­
like layer able to retain amniotic 
fluid.

A single umbilical artery is an al­
most obligatory concomitant of the 
ADAM complex, though the causal 
mechanism of this association is 
unknown. The embryo and amnion 
may be damaged as early as the 4th 
or 5th week of gestation, when the 
body stalk develops, and bands form 
at a later stage.

Amniotic band formation has 
been demonstrated after amnio­
centesis, but this complication might 
be preventable by improved tech­
nique. Nevertheless, some evidence 
supports the view that the risk of 
amniotic band formation is in­
creased by any spontaneous or ar­
tificial reduction of the amniotic 

fluid volume, or by injury to the fe­
tus.

Ultrasound plays the leading role 
in the prenatal diagnosis of amniotic 
bands and their complications. Al­
most all cases can now be recognized 
at routine fetal malformation screen­
ing.

Care should be exercised in ma­
nagement of those cases in which 
amniotic bands appear early, in the 
presence of a morphologically and 
functionally normal fetus. They re­
quire continuous monitoring, and if 
disruption cannot be demonstrated 
(innocent amniotic bands), the 
pregnancy should not be termina­
ted.
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Figure 3-la. Chorioamniofetal adhesion 

(craniofacial type). The fetal head severely 
destroyed by the placenta. The adhesion 
caused asymmetrical craniofacial defects.

The brain tissue remained uncovered, 
there is only a wide cutaneoplacental band 

above it.

Figure 3-lb. Ultrasound scan of the 
choriofetal adhesion (Fh— fetal head; 
arrows show the band).

Figure 3-2. Mid-trimester fetus with severe facial deformity caused’
There is also a left hand deformity associated with an ammot.c band The facalI c l eft 
and limb defects are secondary to amniotic bands. A strand can be seen
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Figures 3-3a, b and c. Amniotic bands, ADAM complex: 
asymmetrical mid-face defects and extensive malformation 
of the head.
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Figure 3-Sb. Macroscopic view of a frontal 
section of the fetal head, membranes 
and placenta. The chorioamniofetal 
adhesion destroyed the calvarium.
The placental amnion adheres tightly 
to the remnants of the cranial fibrovascular 
membrane.

Figure 3-4. Severe craniofacial defect and phocomelia.
The cranial bones and brain tissue are also largely destroyed. 
Associated with early rupture of amnion and choriofetal 
adhesion.

Figure 3-5a. Chorioamniofetal adhesion. 
The fetal head is deformed by the placenta 

resulting in severe craniofacial 
deformation. There is also a large 

omphalocele and short umbilical cord.
Between the cord and placenta is a fine, 

filamentous amniotic band. Note the short 
cord which suggests early amnion rupture.
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Figure 3-7a. Extensive abdominal midline defect with 
eventration of abdominal organs. There is severe scoliosis 
and rotation of the legs to face posteriorly. A ribbon of amnion 
is attached to the lower pole of the abdominal defect.
The genitalia are ambiguous.

Figure 3-6a. Mid-trimester fetus with omphalocele, short 
umbilical cord and early rupture of amniotic membrane.

Figure 3-6b. Ultrasound 
picture showing typical 
oligohydramnios associated 
with an abnormal position 
of the fetus. A small 
omphalocele is also seen.

Figure 3-7b. Ultrasound scan 
showing exposed internal 

organs (A — amniotic fluid; 
Sm — solid mass of the 

exposed organs).
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Figures 3-8a and b. Severe disruption sequence with fetoplacental adhesion, disruption of thorax and abd°™en with eventration of 
internal organs, short umbilical cord and bilateral phocomelia (a). After the removal of adherent placenta (b) the abdominal organs are 
lying outside the body, and some remnants of placenta are attached to the deformed head.

Figure 3-9. Amniofetal bands attached 
to the back of a fetus after serious 

oligohydramnios.
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Figure 3-10. Severe midline defect of abdominal wall with 
eventration, and ambiguous appearance of the external genitalia.

Figure 3-Ila. Severe abdominal wall 
defect with eventration of the abdominal 
organs due to amniofetal adhesion. 
The amniotic membrane adheres widely 
to the right side of the abdominal wall. 
There is a short umbilical cord.

Figure 3-11b. Ultrasound scan showing 
the exposed mass in the amniotic fluid.
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Figure 3-12. Amniotic disruption sequence: extensive abdominal 
defect of the body wall. Most of the abdominal organs are outside 

of the body.

Figure 3-13a. Intrauterine device embedded 
in a spontaneously aborted gestation sac; the embryo is 
macerated, and partial disruption of the amnion is associated 
with tight bands and finer filaments anchoring it to the chorion.

Figure 3-13b. Ultrasound scan showing 
amniotic band.
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Figure 3-14b. Section of umbilical cord 
with two vessels only. A smaller artery 
and a larger vein embedded in the 
Wharton’s jelly. Single umbilical artery is 
often associated with ADAM complex.

Figure 3-14a. Single umbilical artery. In the transverse 
sections of the umbilical cord there are only two lumina 
(HE stain, x8).

Figure 3-15. Fetal surface of the placenta 
after a normal delivery. Near to the 
umbilical cord an innocent amniotic band 
bridges a gap of a few centimetres between 
two points on the inner surface of the 
chorion, causing no fetal abnormality.
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Figures 3-16a and b. Harmless amniotic bands, easily documented on ultrasound 
(P= placenta; Fo- fetal foot).

Figure 3-17. Photomicrograph of amniotic bands.
In the surrounding chorion there is an inflammatory cell reaction 
(HE, xlOO).

Figure 3-18. Amniotic bands, with inflammatory cell reaction 
(HE, x200).
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Chapter 4

Pathology of Multiple Pregnancy

Multiple pregnancy may result from 
the development of a single ferti­
lized ovum: monozygotic (MZ) 
twins, triplets, quadruplets, etc. It 
can also result from two or more in­
dependently fertilized ova; twins, 
triplets, etc. arising in this manner 
are DZ, dizygotic. MZ twins are ge­
netically identical; DZ twins are ge­
netically no more alike than brothers 
or sisters born from separate preg­
nancies.

If the twinning process starts 
early, in the first 5-7 days postcon- 
ceptionally, then two separate blas­
tocysts develop, and subsequently 
two placentas, two chorions and two 
amnions. This is diplacental, dicho- 
rionic, diamniotic (DDD) placen­
tation. If the developing embryos are 
embedded in close proximity then 
the two placentas will fuse into a 
single mass. This is monoplacental, 
dichorionic, diamniotic (MDD) 
placentation.

If separation of the two embryos 
begins after development of the 
chorion, then two amnions will de­
velop within a single chorion [mo­
noplacental, monochorionic, di­
amniotic (MMD) placentation]; if 
separation occurs after develop­
ment of the amnion, then only a 
single amnion will be present [mo­
noplacental, monochorionic, mo- 
noamniotic (MMM) placentation]. 
Separation commencing at 14-17 
days postconceptionally, or later, 
will always be incomplete; conjoined 
twins result.

The placentation of DZ twins 
may be DDD or MDD only; MMD 
and MMM types do not occur.

The obstetric importance of twin 
pregnancy lies in the fact that the 

intrauterine environment may not 
be very favourable for the develop­
ment of two or more fetuses. The 
frequency of multiple pregnancy is 
two to three times as high in spon­
taneous abortions as in live births; 
premature delivery often occurs, 
and perinatal mortality is two to 
three times as high for twins as for 
singletons.

There should be no difficulty in 
diagnosing fetal malformations in 
multiple pregnancy on ultrasound. 
Fetal disease or disorder diagnosed 
in a twin pregnancy may be concor­
dant or discordant. Repeated ultra­
sound examination will help in tim­
ing the induction of labour, and the 
manner of delivery. Unfortunately, 
opportunities for prenatal therapy 
are limited.

There are special abnormalities 
associated with multiple pregnancy.

A cardia (chorioangiopagus pa­
rasiticus) represents a monstrous 
“inside out” malformation/defor- 
mity sitting on an umbilical cord 
with a single artery and vein. It is 
maintained entirely by the heart of 
the normal “twin”.

Teratoma represents a tumorous 
transformation of the fetus’s own 
gonad or of the gonad of a twin. Sev­
eral forms of teratoma are known, 
and all are associated with polyhyd­
ramnios. It occurs most frequently in 
a sacrococcygeal location.

In the prenatal diagnosis of patho­
logical twin pregnancies ultrasound, 
and sometimes AFP assay, provide 
valuable help. The recurrence risk 
for these conditions is not higher 
than the general population risk.

If in a monoamniotic (MMM) 
twin pregnancy there is a vascular 

anastomosis not only in the placenta 
but also between corresponding 
parts of the two embryos we talk of 
conjoined twins. Supposedly, con­
joined twins come about through 
late and incomplete separation of 
the primitive streak and embryonic 
disc. Thus the twins are not con­
joined, but represent a disturbance 
of separation: nonetheless, the term 
“conjoined” is still used. Females are 
more frequently affected. As re­
gards location of the “join", thora­
copagus occurs the most frequently. 
Conjoined twins can easily be de­
monstrated on ultrasound. Their 
postnatal separation is only rarely 
successful.

Absorption of One Fetus. 
Fetus Papyraceus

According to Hellin’s well-known 
formula, if the frequency of twin de­
liveries in a population is 1/N, then 
that of triplets is 1/N2, quadruplets 
1/N3, etc. This classical rule is still 
more or less valid, if one excludes 
induced multiple ovulations.

However, in recent years it has 
become clear that the frequency of 
multiple conceptions is considerably 
higher than that of multiple births. 
The difference is due partly to the 
high spontaneous abortion rate for 
twin conceptions, partly to selective 
death of one of the twin embryos. 
Thus, an originally multiple preg­
nancy may continue as a single one 
(“vanishing twin”). The changes can 
be followed by ultrasound, and the 
absorption process be studied patho­
logically.
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Death in a singleton pregnancy is 

followed by autolysis and macera­
tion. If the autolysis is of mild de­
gree, the fetus is bright red in colour, 
its organs softened, and the body 
flaccid: this appearance would sug­
gest that the fetus died one to two 
days before examination. If the 
autolysis is severe, the dehydrated 
fetus appears as a yellowish-white 
deformed and greasy mass: autolysis 
of this degree requires several weeks 
to develop. (The friable, liquefied 
material is unsuitable for histology; 
sometimes bony or cartilagineous 
tissue, less frequently striated 
muscle, may be recognizable in it.)

A fetus from a multiple preg­
nancy, dying in first or mid-trimes­
ter, may undergo severe autolysis 
and mummification; this is a fetus 
papyraceus. The membranes of the 
surviving fetus press the dead fetus 
against the uterine wall, thus, the 
latter becomes paper-like (papyra­
ceus) in appearance. In singleton 
pregnancies a fetus papyraceus does 
not form; there is no uneven com­
pression, and singleton dead fetuses 
are usually aborted.

Fetus papyraceus has earlier been 
observed as an incidental finding at 
birth. It has gained in practical im­
portance with the widespread use of 
ultrasound and prenatal diagnosis. 
Ultrasonography can confirm that in 

some pregnancies diagnosed as 
multiple in the first trimester and 
ending with the birth of a single fe­
tus, there was no “diagnostic error”: 
the other fetus had died in utero and 
was partially or completely ab­
sorbed. Recent studies suggest that 
the frequency of multiple concep­
tions is three to four times that pre­
dicted by Hellin’s formula for live 
births.

If a twin embryo dies before the 
tenth week it may be completely ab­
sorbed, or at most there is some va­
ginal haemorrhage. Fetal reabsorp­
tion can be monitored by serial ult­
rasound.

In later pregnancy ultrasound 
may show no trace of the dead 
embryo, yet embryonic fragments 
are histologically detectable at term; 
to the naked eye these may appear as 
a greasy formation on the fetal sur­
face of the placenta, beneath the 
amnion. After delivery of the pla­
centa retained embryonic remnants 
may occasionally cause puerperal 
complications.

Death and absorption of one of 
twins sometimes affects the survivor. 
It is assumed that a “disruption se­
quence” ' following late prenatal 
death of a twin leads to disseminated 
intravascular coagulation in the sur­
vivor due to toxic decay products 
from the dead twin such as cadave­

rine, etc. This may kill the survivor 
or be associated with problems in­
cluding haemolysis, anaemia, jaun­
dice, renal shut-down and, above all, 
multiple central nervous system in­
farction with ultimate production of 
a “Swiss cheese” brain, mental re­
tardation, cerebral palsy, seizures, 
microcephaly and, sometimes, cor­
tical blindness. It is not known 
whether the occasional appearance 
of cleft lip, aplasia cutis congenita, 
gastroschisis or intestinal atresia in 
the survivor is related to the pre­
sence of a fetus papyraceus.

Although further studies are 
needed, there is no doubt that when 
a fetus papyraceus is identified the 
surviving fetus needs thorough exa­
mination and follow-up with ultra­
sound and any other relevant tech­
niques.

Finally, it is important in clinical 
practice to regard first-trimester 
ultrasound diagnosis of two gesta­
tional sacs as evidence of twin con­
ception, but not twin pregnancy. The 
designations “twin pregnancy” or 
“multiple pregnancy” should not be 
used before the 12th gestational 
week.

Multiple pregnancy should be 
considered a high-risk condition; 
mothers carrying twins require reg­
ular follow-up, both clinically and by 
serial ultrasound.
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Figure 4-1. Dizygotic twin fetuses, mid-trimester: one with 
anencephaly, the other with cranial ventriculomegaly.

Figure 4-2. Twin fetuses concordant for 
neural tube defect: one with spina bifida, 
the other with anencephaly.

Figure 4-3. Acardiac fetus sitting on an 
umbilical cord with a single umbilical artery.

71



Figure 4-4. Sagittal section of a sacrococcygeal teratoma: much 
of the tumour appears to consist of disorganized brain tissue.

Figure 4-5. All three germinal layers can be 
found in the teratoma. This section shows 
retinal tissue rich in melanin (HE, x400).
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Figure 4-6. The large sacrococcygeal teratoma distorts the anatomy 
of the anal opening and the external genitalia.

Figure 4-7. Sacral teratoma: primitive ducts lined by columnar 
epithelium (HE, x200).

Figure 4-8. Sagittal section 
of a sacrococcygeal teratoma showing 

the solid mass elevating the pelvic floor 
and pelvic organs. The spine is well 

developed.
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Figure 4-9. Extremely large ruptured sacrococcygeal teratoma.

Figure 4-10. Ultrasound view of a large 
sacrococcygeal teratoma at 16 weeks 
(P — placenta; Ft — fetal trunk with the spine; 
Te — teratoma).

Figure 4-11. Cystic form of sacrococcygeal 
teratoma (ultrasound at 20 gestational weeks) 
(Sp — spine, Cy — cystic area).
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Figure 4-13. Median longitudinal section of the previous fetus with 
sacrococcygeal teratoma.
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Figures 4-14a and b. Conjoined twins: anterior and posterior view.

Figure 4-15. Conjoined twins: X-rays of a thoracopagus.
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Figures 4-16a and b. Triplet pregnancy: two of them with an abdominopagus abnormality.
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Figure 4-17. Double-faced monster with partial absence of the brain.

Figure 4-18a. Ultrasound view of two fused fetal heads 
(conjoined twins).

Figure 4-18b. Dilated bladder can be seen 
in the fused abdomen of conjoined twins 
at 15 gestational weeks.
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Figures 4-19a and b. Fetus papyraceus: intrauterine death in the second trimester, with subsequent compression

by the surviving co-twin.

Figure 4-2(1. Section from a fetus papyraceus. Necrotic muscle and bone trabeculae are 
recognizable (HE, x!25).
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Figures 4-21a and b. Fetus papyraceus, 
viewed from both sides.

b

Figure 4-22a. The smaller dead fetus lies 
beside the normal 19-week head 
(ultrasound scan).

Figure 4-22b. One of twins died at ten 
gestational weeks and fetus papyraceus 
developed. Beside a normal 36-week fetal 
head is a small flattened structure 
representing the head of the fetus 
papyraceus. Ultrasound view 
(Fh — fetal heads).
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Figure 4-23. Fetus papyraceus: the narrow umbilical cord is twisted 

several times.

Figure 4-24. Fetus papyraceus extracted 
from the membranes of the placenta.

Figure 4-25. Transverse section of a fetus 
papyraceus. In some areas the normal 
outline of organs can be seen.
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Figure 4-26. Congenital skin defect of the trunk, in a twin pregnancy; the defect extends 
through the cutis and subcutaneous tissues. This particular defect was associated with 
the death of the co-twin during the second trimester and the development of a fetus
papyraceus.

Figure 4-27. Most commonly the scalp is involved by skin 
defects (local alopecia), usually over the vertex. In the older 
literature skin defects were thought to result from infection 
and adhesion between the amnion and the fetal surface. 
More recently these defects have been considered to be 
the result of thromboplastins released from a dead co-twin, 
which could explain the concurrence of abnormalities such 
as skin defects. Three-month-old infant with epilepsy.

Figure 4-28. Small scalp defect on the vertex associated with 
trisomy 13 in a 22-week abortus.
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Chapter 5

Prenatal Cerebral Abnormalities

Hydrocephalus

Megalencephaly resulting from a 
pathological increase in the volume 
of cerebrospinal fluid (CSF) is called 
hydrocephalus. The excess CSF is 
most frequently present within the 
cerebral ventricles. Ventricular di­
latation, due to increased CSF pres­
sure, usually precedes the appearance 
of other signs, e.g., cranial enlarge­
ment, and the term ventricular dilata­
tion (ventriculomegaly) is also used, 
in prenatal diagnosis, independently 
of the idea of hydrocephalus.

The CSF is mainly produced in the 
choroid plexuses of the lateral ven­
tricles, it reaches the third ventricle 
through the foramen of Monro and 
thence the fourth ventricle through 
the aqueduct of Sylvius. It then 
passes into the subarachnoid space 
through the foramina of Luschka and 
the foramen of Magendie. Ninety per 
cent of the CSF is reabsorbed into the 
superior sagittal sinus, and any ob­
stacle to the free outward flow of fluid 
leads to its accumulation.

When the obstruction is within the 
ventricular system, i.e., between the 
foramen of Monro and the foramina 
of Luschka and Magendie, the con­
sequential hydrocephalus is called 
intraventricular obstructive, or non­
communicating. When the block is 
between the basal cisterns and the 
subarachnoid space, the designation 
is extraventricular obstructive, or 
communicating, hydrocephalus.

Hydranencephaly

The term hydranencephaly denotes 
major deficiency of the cerebral he­
mispheres. An early occlusion or 

developmental failure of both carot­
id arteries or of cerebral arteries may 
be the pathogenetic event: those 
parts of the brain receiving blood 
through the posterior cerebral cir­
culation (brain stem, cerebellum, 
some of the occipital lobe, midbrain 
and basal ganglia) are well deve­
loped, and absence of the carotids 
can be demostrated by postmortem 
angiography. The cerebral hemi­
spheres are reduced to a gliomatous 
membrane which lies pressed against 
the internal aspect of the cranium by 
the CSF which fills the remaining 
space within the cranial cavity.

Hydranencephaly occurs as an 
isolated defect, not associated with 
malformations elsewhere, and vir­
tually all cases are sporadic. Hydra­
nencephaly is usually associated 
with polyhydramnios, and is easily 
diagnosable on ultrasound.

An ultrasonically normal telen­
cephalon, in the first half of preg­
nancy, may develop later into 
hydranencephaly. In the most ex­
treme cases of hydranencephaly 
pregnancy termination, or induc­
tion of premature labour, might be 
requested, on account of the prog 
ressive polyhydramnios and the 
hopeless prognosis. Although some 
hydranencephalic infants may sur­
vive for a few months, they do 
not develop neurologically after 
birth.

There are many more less se­
verely affected children whose con­
dition seems to represent loss of 
tissue primarily from the regions of 
the anterior and middle cerebral ar­
teries (porencephaly); some of these 
children live for years and may even 
acquire a few motor skills.

Microcephaly

Microcephaly means small head, 
microencephaly small brain; when 
both are present the latter term is 
used, and this is always associated 
with developmental retardation. 
Microcephaly may appear as an iso­
lated defect or may result from in­
sults during pregnancy or later (ma­
ternal PKU, irradiation, TORCH 
infections, perinatal asphyxia) or 
be associated with chromosome ab­
normalities (trisomy 18) or mal­
formation syndromes (Meckel syn­
drome) or skeletal dysplasias.

Some forms can probably be de­
tected by ultrasound before the 24th 
week of gestation. Isolated biparie­
tal diameter readings, even with 
certain dates, are less useful than se­
rial measurements, at about fort­
nightly intervals, from the start of 
the second trimester; head/trunk 
ratios are also useful. Differentiation 
from craniosynostosis is important. 
In craniosynostosis the skull is small, 
but the brain is of normal size.

Holoprosencephaly

In the first weeks of embryonal de- 
velopment-the neural plate and 
neural groove stages-the brain con­
sists of three recognizable parts, viz., 
prosencephalon, mesencephalon 
and rhombencephalon. Between the 
time of neural tube closure and the 
fifth gestational week the prosence­
phalon gives origin to telencephalon 
(cerebral hemispheres) and dience­
phalon (thalamus and hypothala­
mus), the mesencephalon forms the 
midbrain, and the rhombencepha­
lon develops into metencephalon 
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(pons and cerebellum) and myelen­
cephalon (medulla oblongata). At 
the time of telencephalon/dience- 
phalon differentiation the prosen­
cephalon also splits longitu'dinally- 
the longitudinal cerebral fissure-and 
the hemispheres develop on the la­
teral aspects of the fissure by pro­
gressive enlargement and hollowing 
of the cerebral vesicles. Remnants of 
the original septum lie in the fissure 
between the hemispheres.

Should the prechordal mesoderm 
fail to migrate normally the prosen­
cephalon remains undivided. As a 
consequence a common cerebral 
ventricle develops, cortex and tha­
lamus form a single structure, and 
the development of olfactory and 
optic bulbs is upset; there is abnor­
mal differentiation and develop­
ment of the nasofrontal process and 
the midline of the face (holoprosen­
cephaly sequence).

Differing degrees of disorganiza­
tion are reflected in the terms alobar, 
semilobar, and lobar.

The alobar (undivided) form is 
the most severe. The longitudinal 
cerebral fissure and the falx cerebri 
are completely absent, as is the pel­
lucid septum; the corpus callosum is 
absent or poorly developed; instead 
of two separate lateral ventricles 
there is a single midline prosence- 
phalic cyst.

In the semilobar (partially divid­
ed) form the posterior third of the 
prosencephalon has divided and the 
frontoparietal region remains single.

In the lobar (divided) form, the 
cerebral hemispheres are, for the 
greater part, separated. Only the 
most anterior aspect of the cerebrum 
remains as a single midline structure. 
In such cases there may also be fu­
sion of the frontal or occipital horns 
of the lateral ventricles.

Arhinencephalia. The olfactory 
tracts and bulbs are lacking or, less 
frequently, rudimentary.

Associated facial anomalies. Some 
facial malformation is consistently 
present: the more severe the holo­
prosencephaly defect the more se­
vere the facial malformation.

Cyclotia. The ears are fused be­
low the face (otocephaly); there is a 
midline orbit, a supraorbital pro­
boscis (tubular nose), and a maxil­
lary and mandibular defect. This is 
the most severe and rarest of the fa­
cial defects.

Cyclopia. The eyes and the bony 
orbits are fused, to a variable degree, 
and the normal nasal bones and soft 
tissues are absent. There is a supra­
orbital proboscis.

Ethmocephaly. Extreme hypote- 
lorism, with a proboscis lying bet­
ween the two orbits.

Cebocephaly. Defect with close­
set eyes, and a flattened nose con­
sisting of a single blind-ending nos­
tril, with no sensory cells or fila ol- 
factoria in the nasal mucosa.

Premaxillary agenesis. Hypote- 
lorism, a hypoplastic nose and a very 
severe median cleft lip.

Cleft lip and palate. Either or 
both of these defects may be present.

Alobar holoprosencephaly is 
usually incompatible with postnatal 
life. Children with the semilobar or 
lobar forms are mentally and physi­
cally severely handicapped, and 
many will require long-term resi­
dential care, if they survive.

Dandy-Walker Sequence

This anomaly is characterized by 
hypoplasia or agenesis of the cere­
bellar vermis and a cystic dilatation 
of the scala posterior. The degree of 
anatomical abnormality is highly 
variable. Hydrocephalus is caused 
by atresia or obliteration of the fo­
ramen of Magendie and the forami­
na of Luschka; there is an enor­
mously dilated fourth ventricle and a 
resultant dilatation of the third 
ventricle and lateral ventricles, while 
the basal cisterns are obliterated.

Choroid plexus cysts

These are commonly bilateral and 
within the lateral ventricles, they re­
solve spontaneously before the third

trimester of pregnancy and are of no 
pathological importance. However, 
if the cysts are associated with other 
malformations they may indicate the 
presence of an underlying chromo­
some abnormality.

Toxoplasmosis

Intrauterine/congenital Toxoplas­
ma gondii infection usually develops 
in the second half of pregnancy, and 
remains subclinical. Symptoms ma­
nifest in 10-12% of infected new­
born infants, involving the nervous 
system (periventricular calcifica­
tion, microcephaly, hydrocephalus 
and concomitant mental retarda­
tion), the eye (chorioretinitis, mic­
rophthalmos) and the liver (hepati­
tis, hepatosplenomegaly, throm­
bocytopenia).

Prenatal Diagnosis

Prenatal diagnosis of a hydrocepha­
lus can be made with ultrasound. 
The process already begins in utero, 
with dilatation of the ventricles, and 
this is then followed by enlargement 
of the skull. In prenatal diagnostic 
practice ventricular dilatation and 
hydrocephalus should be clearly 
distinguished. Hydrocephalus in­
cludes megalencephaly, i.e., an ex­
cessive growth of the biparietal dia­
meter, additional to a dilatation of 
the ventricular system.

By 14 weeks of gestation the la­
teral ventricles, filled with choroid 
plexus, can be seen on the ultra­
sound screen. The diagnosis of 
ventricular dilatation can be estab­
lished by 18-20 weeks.

Obstructive ventricular dilatation 
is easier to diagnose in the third tri­
mester, at which gestation also 
hydrocephalus, if present, can be 
diagnosed (BPD > 90th percentile).

One should remember that a di­
lated monoventricle may be associ­
ated with the alobar type of holo­
prosencephaly. Ventricular dilata­
tion may also result from in utero
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infection. In such cases the process is 
not progressive; in infection-associ­
ated cases it may even be reversible.

For the diagnosis of cerebral 
ventricular dilatation the lateral 
ventricle/hemisphere ratio is a use­
ful index. The numerator of the 
fraction derives from the distance 
between the midline and the late­
ral wall of the lateral ventricle; the 
denominator denotes the distance 
between the midline and the inter­
nal bony wall of the cranium. A 
quotient exceeding 0.5, in the 17th 
week of gestation or later, suggests 
the ventricular system is probably 
dilated. However, dilatation com­
mences in the occipital horns of the 
lateral ventricles, and the medial 
wall of the lateral ventricle is at first 
pressed towards the midline by the 
increasing volume of CSF, so that a 
normal quotient may not necessa­
rily indicate the absence of dilata­
tion.

When the ventricles are dilated 
the falx cerebri may appear to float 
or flap, moving with movements of 

the scanning head. The presence of 
associated malformations, e.g., spina 
bifida, encephalocele, may help the 
recognition of ventricular dilata­
tion ; it may be seen together with the 
sonographic signs of Dandy-Walker 
sequence or Arnold-Chiari malfor­
mation.

In spina bifida, the biparietal dia­
meter is often below the 10th per­
centile by or before the 20th week of 
gestation. Ventricular dilatation is 
then usually demonstrable, and is 
very often seen in cases diagnosed 
earlier. Isolated spina bifida, with­
out ventricular dilatation, is rare.

Once ventricular dilatation has 
been diagnosed convincingly, most 
couples insist on pregnancy termi­
nation. One must remember that 
nearly two-thirds of all fetuses with a 
pregnancy diagnosis of hydroce­
phalus are born dead or die within a 
few days of birth. Fifty per cent of 
operated children die before five 
years of age, and only one-third of 
all survivors are of more or less nor­
mal intelligence.

An intrauterine shunting proce­
dure can be considered as a pos­
sible alternative to termination, but 
only a few cases diagnosed before 
24 weeks are suitable for this pro­
cedure, and in later pregnancy the 
cortical mantle is thinned to a de­
gree that implies permanent dam­
age.

Prenatal ultrasound diagnosis of 
holoprosencephaly is also practi­
cable. In the alobar form, no falx ce­
rebri can be detected within the lon­
gitudinal fissure; in the other forms 
of holoprosencephaly it is present, 
to a variable degree. The hypotelo- 
rism can be assessed by measure­
ment of the interorbital distance, 
other midline facial defects can be 
detected, and the presence of ce­
rebral tissue in the frontal areas, and 
of normal subtentorial structures, 
can be confirmed. Polyhydramnios 
is consistently present.

In toxoplasmosis pregnancy ult­
rasound may demonstrate early 
hydrocephalus, periventricular cal­
cification and hepatosplenomegaly.
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Figure 5-la. Severe hydrocephalus together with radial aplasia 
and radial club-hand (18 gestational weeks).

Figure 5-lb. Ultrasound technique for measurement 
of LVW/HW (16/24 mm) in a 20-week-old hydrocephalic fetus.

Figures 5-2a and h. Sagittal (a) and parasagittal (b) section showing holoprosencephaly in a mid-trimester fetal brain.

91



5
Figure 5-3. Frontal section 
of a mid-trimester brain with slight 
ventriculomegaly in the 3rd and lateral 
ventricles at the level of the foramen of Monro.

Figure 5-5. Frontal section of a fetal head showing extensive 
external hydrocephalus.

Figure 5-4. Frontal section of a mid-trimester fetal head 
at the level of the foramen magnum showing mild external 
hydrocephalus.
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Figure 5-6. Hydrocephalus: moderately 
enlarged lateral ventricles, with scattered 

ependymal nodules 
(no signs of inflammation).

b

Figures 5-7a and b. Tuberous sclerosis, lining of lateral ventricle: the regular pattern of ependymal cells is replaced by an irregular 
collection of proliferating glial cells (a); hamartomatous glial nodule within ordinary brain tissue (b).
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Figure 5-8. Arnold-Chiari malformation: 
the cerebellar tonsils have herniated through 
the foramen magnum.

Figure 5-9. Aqueduct stenosis with hydrocephalus: although 
the diameter of the aqueduct is markedly reduced, the lining 
ependyma is intact and there is little surrounding gliosis 
(HE, xlOO).

Figure 5-10. Lateral view of a newborn with 
acrocephalosyndactyly (Apert) syndrome. There is a high 
prominent forehead with flattened occiput, hypoplastic 
supraorbital ridges, a short beaked nose, slightly hypoplastic 
maxilla and low-set dysplastic ear pinnae.
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Figure 5-11. Agenesis of corpus callosum.

Figure 5-12. Prenatally diagnosed hydrocephalus, with moderately enlarged lateral 
ventricles and with agenesis of the corpus callosum.
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Figure 5-13. Internal hydrocephalus with 
dysgenesis of corpus callosum: slight 
dilatation of the lateral ventricles.

Figure 5-14. Internal hydrocephalus with moderate enlargement of the lateral ventricles 
associated with dysgenesis of corpus callusum. An internal view of the frontal lobes 
opened in sagittal section.
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Figure 5-15a. Frontal section
of a mid-trimester fetal brain at the level 
of the pons.

Figure 5-16a. Frontal section
of a mid-trimester fetal brain. The corpus 
callosum is absent.

Figure 5-15b. Early dilatation of the lateral ventricles 
in an 18-week-old fetus (LV — lateral ventricles).

Figure 5-16b. Ultrasound view of corpus callosum dysgenesis 
in a newborn infant.
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Figure 5-17a. Cyclops. Note the proboscis 
lying between the single midline orbit 
and the extroverted cerebral substance 
(exencephaly).

Figure 5-17b. The cranium has a cyst-like 
structure (Cp) in an 18-week-old 
exencephalic fetus. There is only a single 
orbit (arrow) on the ultrasound scan.

Figure 5-18. Severe microcephaly and holoprosencephaly, with 
midline fusion of the very hypoplastic orbits, and absence of nasal 
bones and nasal structures.

98



Figure 5-19. Cyclopia, with proboscis above a single midline eye.
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Figure 5-20. Cebocephaly: hydrocephalus 
(holoprosencephaly), microphthalmia, 
hypotelorism and a suborbital proboscis with 
a single opening (blind-ending nostrils).

Figure 5-21. Holoprosehcephalic mid-trimester fetus with 
hypotelorism, absence of internal nasal structures, and median 
cleft-lip and palate.
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Figures 5-22a, b and c. Median sagittal 
section of a holoprosencephalic 
mid-trimester brain, with elongated 
cerebellum (a). Frontal (b) and temporal 
(c) section of the brain.
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Figure 5-23a. Horizontal section of a mid-trimester fetal 
brain: holoprosencephaly.

Figure 5-23b. Holoprosencephaly the midline falx echo 
and lateral ventricle structures are missing on ultrasound scan.

Figure 5-24. Semilobar holoprosencephaly in a newborn infant 
(coronal ultrasound scan).
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Figures 5-25a and b. Varadi-Papp syndrome (McKusick Catalogue 
Number: 127717): holoprosencephaly, hypertelorism, hypoplastic 

nasal bones, median cleft lip and palate, postaxial polydactyly. 
Prenatally diagnosed mid-trimester fetus (a) and a 4-year-old child 

(b) in a Hungarian gipsy family.
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Figure 5-26a. Frontal section of a fetal head showing reduced 
amount of cerebral tissue. The fetus has microhydranencephaly.

a

F'gures 5-26b and c. Hydranencephaly in a 36-week-old fetus 
(b) and ma newborn infant (c). The cranial vault is completely 
occupied by fluid accumulation surrounding the midbrain 
(ultrasound view).
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Figures 5-27a and b. Dandy-Walker cyst fills midline in posterior fossa [coronal (a) and sagittal (b) scan in newborn infant].
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Figures 5-29a and b. Coronal (a) and sagittal (b) section of a vein of Galen’s aneurysm.

Figure 5-30. Congenital cystic brain tumour causing midline shift.
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Figures 5-31a and b. Choroid plexus papilloma in frontal (a) 
and parasagittal (b) ultrasound scan in newborn infant.
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Figure 5-32. Intrauterine toxoplasmosis, with internal hydrocephalus; marked dilatation 
of lateral and third ventricles, and necrotic changes in the brain parenchyma.

Figure 5-33. Intrauterine toxoplasmosis: hydrocephalus, with 
flattening and widening of the cortical gyri.

Figure 5-34. Intrauterine toxoplasmosis: the normally oval 
aqueduct of Sylvius is dilated, but the fourth ventricle is normal in size.
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Figures 5-35a, b, c and d. Intrauterine toxoplasmosis with 
hydrocephalus, (a): Severe glial cell proliferation and glial 
scarring have disorganized the aqueduct, breaking it into small 
compartments and causing hydrocephalus (HE, x20 ). ( )• 
Gliotic nodule within the brain parenchyma (HE, x )• (c)- 
Pseudocyst: macrophage containing large numbers 
of Toxoplasma in the cytoplasm (HE, xlOOO). (d): Destructive 
chorioretinitis following toxoplasmosis (HE, x400).
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Figure 5-36. Klippel-Trenaunay-Weber syndrome, six weeks old 
infant: enlarged head with ventriculomegaly (later, hydrocephalus), 
with dense naevus flammeus involving part of left forehead 
and scalp. There was some limb asymmetry and patchy involvement 
of limbs and trunk with vascular naevi and lymphoedema.

Figure 5-37. Neonate with trisomy for proximal 15q found 
at maternal age amniocentesis; mother elected to continue 

the pregnancy; birth weigth 5200 g at term, ventriculomegaly, 
plethoric face with deep-set eyes and telecanthus, intractable 

epilepsy from six months, severe retardation.
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Chapter 6

Neural Tube Defects

The neural tube differentiates into 
the central nervous system, consist­
ing of the brain and spinal cord. 
Neural tube defects (NTDs) consti­
tute the most frequently encoun­
tered group of severe congenital 
malformations. In very early embryo­
genesis the neural plate develops 
into a tube-like structure, and dis­
turbed development at that stage 
results in persistently open struc­
tures derived from that tube. Three 
major types of malformation result: 
anencephaly/exencephaly, spina 
bifida, and encephalocele. The first 
two account for 95% of all NTDs, 
and encephalocele for 5%.

Anencephaly/ Exencephaly

Apparent failure of closure at the 
cranial pole results in anencephaly, a 
gross malformation incompatible 
with survival postnatally. The cal­
varium is largely or totally absent, 
the frontal, parietal and occipital 
bones being present only in a rudi­
mentary form. The bony orbits are 
shallow, with associated exophthal­
mos. The neural tube lesion is co­
vered by an abundantly vascularized 
spongy connective tissue, the area 
cerebrovasculosa, containing some 
glial cells, and a disordered choroid 
plexus, and fibrovascular stroma. 
Primordial remnants of the brain 
stem and basal ganglia can be re­
cognized beneath this transparent 
membrane.

The cranial defect may continue 
downwards as a cleft involving the 
whole length of the spinal column 
(craniorachischisis) or, more fre­
quently, be accompained by a sepa­

rate lumbosacral spina bifida. In 
some cases the skull vault is entirely 
absent (acrania).

Defective closure of the neural 
tube (encephaloschisis) is the pri­
mary factor leading to anencephaly, 
subsequent extroversion of the brain 
is a secondary factor, and gradual 
degeneration of the exposed tissues 
a tertiary one. Ultrasound in the first 
half of pregnancy will pretty consis­
tently show some exposed cerebral 
tissue (exencephaly). On serial ult­
rasound this initially extruded mass 
becomes smaller, a regression 
brought about by the large number 
of macrophages present in the fetal 
circulation and the amniotic fluid 
(“scavenger function"). This cellular 
reaction can be identified in the am­
niotic fluid, and is useful in prenatal 
diagnosis.

“Classical” anencephaly is seen 
mainly in the second half of gesta­
tion; before the 20th week one finds 
exencephaly more frequently. To 
differentiate the two is important 
only at the time of diagnosis; in sta­
tistics on malformation both forms 
are registered as anencephaly.

Anencephaly is found more fre­
quently in female fetuses; many die 
in utero, and the remainder within a 
few hours of birth.

Spina Bifida

Spina bifida results from defective 
neural tube closure along some or all 
the length of the vertebral column. 
When no tissue is extruded through 
the defect, and it is covered by nor­
mal skin, it is termed spina bifida 
occulta. When the defect forms a 

protruding sac, the term spina bifida 
cystica is used. It is this latter that is 
ordinarily meant by the simple de­
signation “spina bifida"; this group 
can be subdivided into closed de­
fects (the sac is covered by intact 
skin or thick opaque membrane) 
(not to be confused with spina bifida 
occulta!), and open defects, covered 
by a reddish semitransparent oozing 
membrane, the area medullovascu- 
losa, which at its edges merges into 
the more normal surrounding skin 
(this represents a primary tissue de­
fect and contains remnants of the 
original protecting membrane: both 
this membrane and the neighbour­
ing intact skin are very easily in­
jured).

When the saccular formation 
contains cerebrospinal fluid and 
extruded meningeal tissue, but no 
neural elements, it is called a me­
ningocele. When spinal cord tissue 
and/or nerves are present, it is 
termed a myelomeningocele. Occa­
sionally there is no protective mem­
brane, the neural tube is completely 
open, like a book, not'covered by 
skin, vertebral arch or meninges, 
and the defect exposes the central 
canal of the cord (myeloschisis, ra­
chischisis). All the above are fre­
quently associated with malforma­
tions of the fourth ventricle and me­
dulla (Arnold-Chiari malforma­
tion) and with hydrocephalus.

Spina bifida cystica is a severe 
malformation often leading to death 
in the neonatal period. Surgical 
treatment includes direct closure of 
the defect (skin grafting), insertion 
of shunts to relieve hydrocephalus, 
and operations to relieve urinary 
and intestinal obstruction. None­
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theless, many of the survivors suffer 
from paralysis of the lower limbs and 
urinary and faecal incontinence, and 
some from mental retardation, focal 
neurological damage and unrelieved 
hydrocephalus.

Criteria for selective surgery have 
been introduced, taking into ac­
count the severity, extent and loca­
tion of the neural tube lesion, the 
presence or absence of associated 
malformations, the general condi­
tion of the newborn baby, and the 
attitudes of the parents. Only one- 
third of babies live-born with open 
spina bifida reach the age of five 
years, and among these survivors 
80% suffer from severe handicaps; 
only 5-10% are able to lead a 
completely normal life. For babies 
with closed spina bifida lesions de­
tected at birth the prognosis is some­
what better, but 60-70% of them 
have a persisting handicap.

Encephalocele

An encephalocele is a hernia-like 
protrusion of meninges and/or brain 
tissue through an opening in the cra­
nium. The occipital bone is most 
frequently involved. Sphenopha- 
ryngeal, sphenoorbital and fronto­
ethmoidal forms sometimes occur.

Many affected infants die, despite 
surgical treatment, and survivors 
usually exhibit serious neurological 
handicaps.

Iniencephaly

The Greek word inion indicates oc­
ciput. Iniencephaly is a gross mal­
formation of the occipital region, the 
spine and the central nervous 
system: the occipital bone itself, and 
the cervical and thoracic vertebrae, 
are partly or completely absent, re­
maining vertebrae are irregularly 
fused, with defective closure of the 
vertebral arches. The neck is practi­
cally absent, with the facial skin 
continuing directly onto the chest. 
There is extreme lordosis in the cer- 
vicothoracic region, with a hyper­
extended “stargazing” head, and the 
trunk is shortened. The underlying 
nervous tissue (medulla, cervical 
and thoracic spinal cord, etc.) is dis­
organized; there is usually an open 
spina bifida. Associated malforma­
tions may be present; polyhydram­
nios consistently occurs. The defect 
is more often seen in female fetuses. 
It is a condition incompatible with 
survival.

Iniencephaly is usually sporadic, 
but occurs in some families with 
other neural tube defects.

Prenatal Diagnosis
*

All anencephalic babies die early, 
about or shortly after the time of 
birth. Some spina bifida babies also 
die very early, but others survive for 
varying periods, often with a high 

degree of handicap, imposing a 
heavy burden on their families and 
on society. Many couples with a 
previous spina bifida baby, or at high 
risk of an NTD pregnancy (identi­
fied on screening) request prenatal 
diagnosis. Diagnosis can be made by 
ultrasound, AFP and AChE assays 
and by exfoliative cytology of the 
amniotic fluid.

Polyhydramnios is easy to de­
monstrate with ultrasound. In 
anencephaly absence of the calvaria 
results in an open bowl-like or flo- 
wer-like echo, and “exophthalmos” 
is obvious. In exencephaly and en­
cephalocele the extracranial tissue is 
usually easily seen and a lack of 
continuity of the vault bones can be 
demonstrated. In spina bifida, the 
two posterior lines of the vertebral 
column diverge at the level of the 
defect; in transverse section a “U” 
or “V” pattern is seen instead of a 
circular one. Due to the sharp out­
line of the excess tissue, closed forms 
are easier to recognize than open 
spina bifida. With spina bifida, dilat­
ed or abnormally shaped cerebral 
ventricles can often be demon­
strated. The recent identification of 
easily recognizable cranial and ce­
rebellar signs by Campbell will faci­
litate the detection rate of spina bi­
fida at the routine booking scan. 
(Lemon sign: scalloping of the 
frontal bones; banana sign: anterior 
curvature of the cerebellar hemis­
pheres.)
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Figure 6-la. Anterior view of a 19-week-old fetus with 
anencephaly and a bilateral cleft-lip and palate.

Figure 6-lb. Ultrasound view of an 18-week-old anencephalic 
fetus. Note the absence of the cranial vault above orbit level 
(Ft — fetal trunk, Or — orbits).

Figure 6-2. Sagittal section 
of an anencephalic, mid-trimester fetal head.
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Figure 6-3. Posterior view of an anencephalic fetal head. Note 
the extruded fibrovascular tissue and disorganized brain tissue 
(yellow).

Figure 6-4a. Sagittal section 
of an anencephalic fetal head.
The cranial vault is absent, the remnants 
of the brain and meninges are seen 
at the base of the cranium.

Figure 6-4b. Anencephaly. Yellowish brain is seen in the centre 
of the cranial cavity, surrounded by deep-red fibrovascular tissues. 

Note the sharp edge to the normal skin, contrasting with 
the adjacent hyperaemic connective tissue of the calvarium.
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Figure 6-5a. Anencephaly, together with open cervical 
and upper thoracic spina bifida. The brain stem and cervical 
part of the spinal cord remain uncovered.

Figure 6-5b. Posterolateral view of an anencephalic fetal head: 
fibrovascular tissue is found in place of the brain.

Figure 6-6a. Posterior view 
of an anencephalic fetal head.

Figure 6-6b. Longitudinal scan 
of an anencephalic fetus with an absent 

cranial vault. The spine is intact.
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Figure 6-7. Posterior view of a 17-week-old fetus suffering from 
anencephaly, an open thoracolumbar spina bifida and a large 
omphalocele.

Figure 6-8b. Anterior view of a fetus with exencephaly.Figure 6-8a. Ultrasound view
of exencephaly. The extroverted cerebral 
material is situated in the amniotic fluid.
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Figure 6-9a. Transverse section of a fetal head at the level 
of the orbits. A large occipital meningoencephalocele is seen.

Figure 6-9b. Frontal section of an exencephalic fetal head 
at the level of the orbits. The exposed cerebral tissue shows 
an irregular pattern. Normal lateral ventricles are not seen.

Figure 6-10. Medium-sized occipital 
meningoencephalocele: most of the brain 

lies within the sac.
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Figures 6-lla and b. Prenatally diagnosed occipital 
meningoencephalocele (a). Frontal section of the head 
at the level of the orbits. The remnant of brain tissue is seen 
above the right orbit (b).

Figures 6-12a and b. Sagittal section of a fetal head with 
exencephaly. The bones of the cranial vault are absent 
and the cerebral tissue is exposed (a). The uncovered brain 
tissue remains relatively intact. The flattened (platen-like) 
frontal bone is covered by normal skin tissue (b).
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Figures 6-13a b c and d Meckel syndrome, second-trimester fetus: major features include brain malformation (the occipital 
encephalocele’is typical) (a and b), cystic kidneys (c and d), and polydactyly (six toes can be seen on one foot) (a).
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Figure 6-14. Posterior view of a second-trimester fetus with 
anencephaly. Figure 6-15. Large occipital meningoencephalocele, partly 

covered by normal skin.

Figure 6-16a. Occipital 
meningoencephalocele with limb reduction.

Figure 6-16b. Large 
encephalomeningocele in the occipital 

region of a 20-week-old fetus. Herniated 
brain tissue can be recognized within 

the sac (ultrasound scan).
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Figures 6-17a and b. Cystic neural tube defect: spina bifida 
cystica, upper thoracic, with associated meningocele.

Figure 6-17c. Medium-sized occipital meningoencephalocele.
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Figure 6-18. Newborn infant with large lumbar spina bifida 
cystica.

Figure 6-19. Prenatally diagnosed rachischisis 
(18 gestational weeks).

Figures 6-20a and b. Transverse section of a normal thoracic vertebra and spinal 
cord. The overlying skin is intact (a). Transverse section of a thoracic vertebra with 
spina bifida. The vertebral arch is open and the neural tissue is exposed on the 
surface (b).

128



- 6

Figures 6-21a and b. Large thoracolumbar spina bifida cystica (a). Note the opened book-like appearance of the spinal cord (b).

Figure 6-22. Transverse sonogram 
showing an open spinal tube at 24 weeks.

Figure 6-23. Longitudinal scan through 
the lumbar spina bifida (SPB). The defect 

is recognized as a widening of parallel 
echoes representing the affected part 

of the spine. The defect is covered with a 
cystic extension of the meninges (arrows).
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Figures 6-25a and b. Craniorachischisis. The most severe 
form of neural tube defect. Absence of brain tissue 
(anencephaly) is associated with an opening up of the vertebral 
arches throughout the whole length of the spine.
The uncovered medulla and spinal cord are flattened 
and resemble an opened book (a). Transverse section 
of a lumbar vertebra with open vertebral arch shows 
the exposed spinal cord(b).

Figures 6-24a, b, c and d. Mid-trimester fetuses with extensive open thoracolumbar (a), lumbar (b), lumbosacral (c) 
and cervico-thoracolumbar (d) spina bifida.

131



Figures 6-26a and b. Large open 
thoracolumbar defect (spina bifida) 
and club foot (a). Transverse section 
of the trunk showing open spina bifida 
at the level of the liver and stomach (b).

Figure 6-27. Open lumbosacral spina bifida with associated 
myelomeningocele.
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Figure 6-28. Iniencephaly, posterior view with open cervicothoracic 

defect.

Figure 6-29a. Longitudinal ultrasound 
view of 19-week-old iniencephalic fetus. 
The fetal head is unduly close to the trunk. 
A large meningocele is present.

Figure 6-29b. Sagittal section through 
the trunk of an iniencephalic fetus. 
No vertebrae can be identified. A large 
omphalocele is also seen.
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Figures 6-30a, b and c. Iniencephaly, with open thoracic 
neural tube defect and bilateral talipes: lateral view (a), 
posterior view (b) and lateral X-ray (c).
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Chapter 7

Cervical, Thoracic
and Abdominal Malformations

Malformations of the heart, the 
lungs and the diaphragm. Prenatal 
diagnosis is possible with high-reso­
lution ultrasound.

Congenital Heart Defects

Echocardiography has been used 
successfully in the prenatal assess­
ment of fetal cardiac function and 
structure, and has led to the diagno­
sis of most cardiac abnormalities. 
However, it should be emphasized 
that the majority of published re­
ports refer to the prenatal diagnosis 
of moderate to major defects and 
lesions with lesser haemodynamic 
significance for the fetus, such as 
small ventricular septal defects, are 
as yet beyond the resolving capacity 
of ultrasound equipment.

The optimum time for fetal car­
diac scanning is 18-24 weeks’ gesta­
tion. Transverse section of the tho­
rax reveals the “four-chamber view” 
of the fetal heart, which occupies 
approximately one-third of the tho­
rax. M-mode echocardiography 
improves the accuracy of the cross- 
sectional scan in the diagnosis of 
cardiac defects and provides addi­
tional information on cardiac geo­
metry and function. This modality is 
particularly useful in the diagnosis 
and evaluation of dysrhythmias and 
the monitoring of in utero anti- 
arrhythmic therapy.

Ectopia cordis. The heart is dis­
placed outside the thoracic cavity. It 
is usually associated with an open 
pericardium (pericardial sac) and 
widely separated halves of the ster­
num. Frequently there are associa­
ted malformations. Ectopia cordis 

results from faulty development of 
the sternum and pericardium, which 
may result from failure of complete 
fusion of the lateral folds in the tho­
racic region during the fourth week. 
Ectopia may represent part of the 
ADAM complex. It is easily seen on 
prenatal ultrasound.

Hypoplastic left heart. The left 
ventricle (and atrium) is grossly 
hypoplastic or absent. Death usually 
occurs within hours or days of birth; 
major corrective surgery is impos­
sible. Mostly an isolated defect. It is 
easily detectable on ultrasound.

Ventricular septal defect (VSD). 
Most cases are isolated and of mul­
tifactorial origin. When recording 
family data one should note that 10- 
25% of defects close spontaneously 
in childhood. (Eisenmenger com­
plex: ventricular septal defect with 
severe pulmonary hypertension and 
right ventricular hypertrophy.)

Tetralogy of Fallot. Pulmonary 
stenosis, ventricular septal defect, 
aortic dextroposition and hyper­
trophy of the right ventricle.

Pulmonary stenosis (PS). The 
stenosis may be subvalvular, valvu­
lar, supravalvular, or multiple peri­
pheral. Characteristically severe 
valvular stenosis occurs in Noonan 
syndrome; multiple peripheral ste­
noses in Alagille syndrome. PS may 
be combined with other heart de­
fects, e.g., tetralogy of Fallot. Most 
cases are isolated.

Ebstein anomaly. Malformation 
of the tricuspid valve: the posterior 
and the septal valves adhere to the 
right ventricular wall, the anterior 
valve to the annulus fibrosus. This is 
usually an isolated malformation.

Transposition of the great ves­
sels /great arteries (TGV, TGA). 
Laterality defects associated with 
malrotation of the heart can involve 
the atria, the ventricles and the great 
arteries. The pulmonary artery may 
take origin from an anatomical left 
ventricle, the aorta from an anato­
mical right ventricle. The degree of 
circulatory disturbance depends al­
so on the atrial connections, and on 
the presence or absence of septal 
defects and valvular stenoses, as well 
as on extracardiac defects (PDA, 
coarctation). The terms “corrected 
transposition” and “uncorrected 
transposition” have been used. 
There may sometimes be laterality 
disturbances elsewhere, e.g., asple- 
nia/polysplenia, midline stomach 
(Ivemark sequence). Ultrasound 
diagnosis in pregnancy is extremely 
difficult, and lies in the province of 
the paediatric cardiologist.

Cardiac tumours. In fetal life 
rhabdomyomata are frequently 
present in tuberous sclerosis. They 
may be detected on ultrasound and 
used, in high-risk pregnancies, as a 
marker for this disorder.

Some congenital heart defects 
(ectopia cordis, hypoplastic left 
heart) are easily diagnosable with 
mid-trimester ultrasound. Others, 
such as transpositions, are extre­
mely difficult and call for very spe­
cial experience. Some heart defects 
are inoperable, and some are mar­
kers for more serious disease 
elsewhere. Some are relatively tri­
vial, and easily managed or repai­
red in childhood. High quality ult­
rasound techniques should be 
backed up by informed genetic 
counselling.
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Malformations of the Lung

Pulmonary agenesis /aplasia deve­
lops as part of some more complex 
congenital malformation. Pulmo­
nary hypoplasia is always secondary 
to other problems (e.g., renal age­
nesis, oligohydramnios sequence).

Congenital cystic adenomatoid 
malformation of the lung. The most 
common of the isolated lung mal­
formations is congenital cystic ade­
nomatoid malformation. In this 
condition a large part of the lung is 
occupied by cysts of variable size. 
The malformation may sometimes 
resemble a tumour. It can be uni- or 
bilateral, extensive or localized. 
Polyhydramnios is consistently pre­
sent, and the fetus may be hydropic, 
in which case survival is most un­
likely.

The lung changes, the polyhyd­
ramnios and the oedema can be de­
monstrated with pregnancy ultra­
sound.

Diaphragmatic Hernia
The pleuroperitoneal canal may fail 
to close normally at 8-10 weeks’ ges­
tation, leaving an opening through 
which abdominal organs herniate 
into the thorax. In rare instances, not 
only the stomach, spleen, and most 
of the intestines, but the liver and 
kidneys also pass into the thoracic 
cavity and displace the lungs and 
heart. The hernial opening is usually 
posterolateral (foramen of Bochda­
lek) ; retrosternal hernia is rare. The 
defect occurs five times more often 
on the left side than on the right. The 
lungs are compressed by the herni­
ated abdominal organs; the alveoli 
are hypoplastic, and with reduced 
pulmonary movement development 
of the bronchial tree is also retarded.

Diaphragmatic hernia is consis­
tently accompanied by polyhyd­
ramnios. Some fetuses die in utero, 
and without surgery most live-born 
infants would be lost within hours of 
birth. Left-sided hernias may result 
in a more rapid onset of symptoms: 
respiratory distress and apparent 

dextrocardia. Operation is attempted 
when the general condition of the 
newborn infant permits: the hernia­
ted viscera are replaced in the ab­
domen, and the hernial opening is 
closed.

In 50% of cases the diaphragma­
tic hernia is isolated. The other 50% 
are associated with other malfor­
mations—the result of teratogen ex­
posure, a chromosome abnormality 
or a monogenic multiple congenital 
anomaly syndrome; many of these 
fetuses die in utero.

Pregnancy ultrasound shows a 
break in diaphragmatic continuity, 
with unusual solid or cystic structures 
(liver, stomach, intestines etc.) within 
the thorax, a shift of the mediasti­
num, and polyhydramnios. The dif­
ferential diagnosis includes situs in­
versus, cystic adenomatoid malfor­
mation, lobar emphysema and medi­
astinal cyst. Amniofetography may 
be helpful. Following pregnancy di­
agnosis arrangements should be 
made to deliver the baby with good 
neonatal paediatric and surgical faci­
lities immediately available.

Omphalocele 
and Gastroschisis
Omphalocele and gastroschisis are 
frequent malformations diagnosable 
prenatally, and correctable in the 
neonatal period. These malforma­
tions both involve a variable-sized 
defect of the abdominal wall with 
polyhydramnios; in other respects 
they largely differ from each other.

Omphalocele is always located in 
the midline and involves the umbili­
cal cord. The herniated viscera are 
covered by a thin transparent 
membrane composed of perito­
neum and amniotic epithelium of 
the umbilical cord, and are not in 
immediate contact with the amniotic 
fluid; they remain morphologically 
and functionally intact. Fifty per 
cent of cases are isolated, and the 
remainder are associated with other 
malformations. An umbilical hernia 
differs from an omphalocele in that 
the protruding mass (omentum, or 

loop of bowel) is covered by subcu­
taneous tissue and skin.

In gastroschisis, the herniated 
viscera are not covered by mem­
brane and float freely in the amniotic 
fluid. The intestines may be dam­
aged and their surface covered by a 
gelatinous deposit. Gastroschisis has 
a paramedian location (usually on 
the right). Since it does not involve 
the umbilical cord, paromphalocele 
is its alternative name. (The term 
gastroschisis, which means “split, or 
open stomach", is a misnomer, be­
cause it is the anterior abdominal 
wall that is split, not the stomach.) 
The defect is usually more common 
in males than in females. Most cases 
represent isolated defects.

Omphalocele and gastroschisis 
should be unequivocally differenti­
ated from each other by ultrasound. 
The extent of the defect should be 
assessed and other malformations 
should be looked for. A proper 
prognosis cannot be given other­
wise.

Large omphaloceles are usually 
associated with other abnormalities 
(Wiedemann-Beckwith syndrome), 
and the prognosis is poor. Isolated 
omphaloceles are likely to have a 
more favourable outcome. Inter­
vention is not necessary before term. 
When bladder exstrophy, anal atre­
sia and vertebral abnormalities are 
associated with omphalocele the 
condition is termed cloacal exstro­
phy: only mild cases can be correc­
ted surgically.

In gastroschisis, neonatal surgery 
may be too late to prevent serious da­
mage to the bowel. But if bowel func­
tion has been preserved to term then 
the prognosis may be good. Gene­
rally, it is reasonable to consider pre­
term delivery and operating for gast­
roschisis soon after making a prenatal 
diagnosis, the size and general condi­
tion of the fetus permitting.

Many fetuses with omphalocele 
or gastroschisis die in utero. Serial 
ultrasound has shown that, from the 
time of the first diagnosis, an om­
phalocele gradually enlarges under 
the influence of increasing abdomi­
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nal pressure. When visceral extro­
version is demonstrated before the 
20th week of gestation, the progno­
sis is almost uniformly poor. There is 
no doubt that prenatal diagnosis of 
omphalocele and gastroschisis is 
desirable. Before 20 weeks, if the 
parents request, pregnancy termi­
nation is justifiable. Later in preg­
nancy one has to consider the surgi­
cal possibilities and the optimum 
timing of delivery.

Ultrasound plays the major role in 
prenatal diagnosis, identifying both 
the degree of herniation and the ex­
tent of the abdominal wall defect.

Oesophageal Atresia

Oesophageal atresia is associated 
with a tracheo-oesophageal fistula 
(usually communicating with the 
distal oesophagus) in 90% of cases. 
Fifty per cent of cases are associated 
with multiple malformations else­
where.

Tracheo-oesophageal fistula re­
sults from incomplete division of the 
foregut into the respiratory and di­
gestive portions during the fourth 
and fifth weeks. Incomplete fusion 
of the tracheo-oesophageal folds 
results in a defective tracheo-oeso­
phageal septum, leaving a commu­
nication between the trachea and the 
oesophagus. The most common va­
riety of the abnormality is for the 
upper portion of the oesophagus to 
end blindly (oesophageal atresia) 
and for the lower portion to join the 
trachea near its bifurcation.

Oesophageal atresia can be diag­
nosed on the prenatal ultrasound. 
The fetus cannot swallow amniotic 
fluid, the stomach remains empty, 
and polyhydramnios develops. The 
stomach normally contains a little 
fluid, which can be seen on the scan, 
but with oesophageal atresia it can­
not be identified, either on the lon­
gitudinal or transverse views of the 
upper abdomen. This is so even in 
the presence of a fistula.

Isolated cases can be operated on 
successfully: the rate of survival is 

improving steadily, and following 
prenatal diagnosis one should aim to 
deliver the baby at the optimum time 
and with good surgical facilities im­
mediately available.

Duodenal Atresia

During the solid stage of duodenal 
development, the lumen is com­
pletely filled with epithelial cells. If 
reformation of the lumen fails to oc­
cur by a process of vacuolization, a 
short segment of the duodenum is 
occluded. Obstruction of the duo­
denum can also be caused by an an­
nular pancreas, resulting from the 
two parts of the developing pancreas 
surrounding the duodenum. Most 
atresias involve the descending (se­
cond) and horizontal (third) parts of 
the duodenum, and are located dis­
tal to the opening of the bile duct. 
Polyhydramnios usually occurs be­
cause the duodenal atresia prevents 
normal absorption of the amniotic 
fluid from the intestine. About half 
of all duodenal atresias is associated 
with malformations elsewhere. The 
most significant association is with 
Down syndrome.

Prenatal diagnosis is possible, 
based on abnormal ultrasound 
(“double bubble” and polyhydram­
nios), and elevated bile acid con­
centration in the amniotic fluid.

The prognosis for survival, follo­
wing operation in isolated cases, is 
good.

Cystic Fibrosis

Cystic fibrosis (CF) is the most com­
mon autosomal recessive disease in 
Europe. Although present treatment 
is not directed towards this defect, 
substantial improvements in life ex­
pectancy have been achieved; in 
some countries half or more of affec­
ted infants live into adulthood.

Despite improving prospects this 
is still a crippling disorder, and many 
parents of affected children seek 
prenatal diagnosis for subsequent 
pregnancies. Effective prenatal di­

agnosis has been available since the 
early 1980s, but by DNA only from 
1986/7.

All mucus-producing tissues are 
affected, in particular the respira­
tory and gastrointestinal tracts and 
the epididymis. The glandular ducts 
are obstructed by tenacious mucus, 
and the gland parenchyma develops 
cystic degeneration. Dense mucus 
may form meconium plugs already 
in utero, leading to intestinal ob­
struction (meconium ileus). The in­
testinal wall may perforate, and me­
conium entering the abdominal ca­
vity produces a foreign-body-type 
fibrinous reaction and concomitant 
peritoneal calcification (meconium 
peritonitis, meconium pseudocyst).

In cases without meconium ob­
struction, no signs, except perhaps 
unusually thick or viscid meconium, 
call attention, in the newborn infant, 
to the presence of the disease.

Pathological confirmation of the 
diagnosis is easier in older children 
than in newborn infants or fetuses. 
Excess connective tissue, and cystic 
degeneration, are seen histologically 
in both pancreas and lungs in at least 
80-85% of the cases.

Estimating the efficacy/accuracy 
of prenatal diagnostic methods de­
pends not only on the scrupulously 
thorough follow-up and testing of all 
live-born infants submitted to pre­
natal diagnosis, but also on the care­
ful postmortem examination of all 
terminated fetuses, with evidence 
that histological changes which are 
not found in similar-aged normal 
fetuses, are present in the affected 
fetuses, already by 18 weeks’ gesta­
tion. We believe such changes are 
demonstrable, though they are not 
so striking as in affected CF infants 
dying after live birth.

Following unsuccessful or unreli­
able attempts at prenatal diagnosis, 
in the 1970s, attention turned to the 
microvillar enzymes which are sec­
reted directly into the gut lumen. 
These enzymes, due to fetal intesti­
nal movements, normally reach the 
amniotic fluid from 11-12 weeks 
onwards; a low activity in the am­
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niotic fluid may be of value in the 
diagnosis of intestinal obstruction. It 
was shown that at 16-20 weeks of 
gestation the amniotic fluid activity 
of some isoenzymes of alkaline 
phosphatase, gamma-glutamyltrans- 
peptidase and certain disaccharida- 

ses (trehalase), was low in most 
pregnancies involving a CF fetus.

The CF gene has now been 
mapped to chromosome 7 and cloned 
and this permits prenatal diagnosis 
in almost all couples. The analysis is 
performed from CVS sample ob­

tained at 8-12 weeks’ gestation. 
(DNA can now sometimes be ob­
tained, if critical for the analysis, 
from Guthrie blood-spots of dead 
babies-amplification with poly­
merase chain reaction has been suc­
cessful.)
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Figure 7-2. Hygroma colli: autopsy findings.
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Figures 7-3a, b, c and d. Hygroma colli: dilated, thin-walled 
vessels filled with blood, and some empty vessels also seen 
(HE, xlOO).
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Figure 7-4. Longitudinal section of the thorax showing normal 
relations of the organs.

Figure 7-5. Transverse section of the thorax showing 
hypoplastic lungs.

Figures 7-6a, b and c. Prenatally diagnosed congenital cystic adenomatoid malformation of the lungs (a, b); many cystic spaces 

of varying size are seen scattered in the parenchyma (c).
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Figures 7-7a, b, c and d. Congenital cystic adenomatoid 
malformation (CCAM): (a) multiple lung cysts (HE, x200); 
(b) lung cysts lined by pseudostratified columnar epithelium 
(HE, x200); (c) cysts lined by ciliated columnar epithelium 
(HE, x400); (d) cystic changes, with residual islands 
of cartilage (HE, xlOO).
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Figure 7-8a. Cyst of the lung, associated with a congenital 
cystic adenomatoid malformation on the other side.

Figure 7-8b. Cystic adenomatoid 
malformation. A transverse ultrasound 
scan of the fetal chest shows replacement 
of normal pulmonary tissue by cysts 
of varying sizes (CY = cysts; HA — heart).

a 1»

Figures 7-9a and b. Branchiogenic cyst: 
the inner surface is covered 
by a PAS-positive pseudostratified 
columnar epithelium 
(a: HE, xlOO; b: PAS, x400).
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Figure 7-10. Ectopia cordis. The heart and thymus lie outside 
the thoracic cavity with the diaphragm at the base of the oval 
thoracic wall defect.

Figure 7-11. Ectopia cordis. Longitudinal 
ultrasound scan through the chest shows 
evidence of cardiac structures anterior 
to the chest (He — heart; Th — thorax).

Figure 7-12. Ectopia cordis with oval-shaped midline thoracic 
wall defect.
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Figure 7-13. Trisomy 21: ventricular septal defect.

1

Figure 7-14. Large rounded heart in a fetus with Potter sequence. 
Dilated ventricles and ventricular septal defect were found.
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Figure 7-15. Severe diaphragmatic hernia 
in an 18-week-old fetus.

Figure 7-16. Tracheo-oesophageal fistula.

Figure 7-17. Duodenal atresia: extreme dilatation of the stomach 
in a fetus with trisomy 21.
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Figure 7-18. Omphalocele and an enormous cystic abnormality 

of the umbilical cord. The two umbilical arteries and the umbilical 
vein are easily recognizable in the wall of the cyst.

Figures 7-19a. b and c. Large omphalocele in a 17-week-old fetus (a); after removing the membrane covering the herniated viscera (b); 
ultrasound view of the herniated viscera and intestinal loops (c).
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Figure 7-20. Ruptured omphalocele: the eventrated intestines 
show early signs of strangulation.

Figure 7-21. Transverse sonogram showing intestinal loops 
floating freely in the amniotic fluid in a case of gastroschisis.

Figure 7-22. Ruptured omphalocele in an 18-week-old fetus.
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Figures 7-23a and b. Second-trimester fetus with ruptured omphalocele: transverse section above the level of the cord insertion next to 
which can be seen the narrow opening of the omphalocele (a); transverse section at the level of the cord insertion (b).

Figure 7-24a. Strangulation ileus resulting 
from a ruptured omphalocele in a newborn 
infant. In utero vomiting was diagnosed 
prenatally.

Figure 7-24b. Distended loops of bowel 
are seen outside the fetal abdomen 

(ultrasound view).
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Figure 7-25. Paraumbilical abdominal wall defect with eventration 
of small intestines (gastroschisis).

Figure 7-26. Severe gastroschisis: 
the herniated viscera are not covered 
by membrane. The umbilical cord is not 
involved.

Figure 7-27. A large defect 
on ultrasound scan, involving the lower 
sternum and abdominal wall, 
permitting both liver (Li), heart (He) 
and bowel to herniate into the amniotic 
fluid (A).

Figure 7-28. Herniated viscera 
and bowel (Bo) are visible 
in the amniotic fluid (A).
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Figure 7-29. Meconium ileus with rupture 
of the coecum and meconium peritonitis, 
in a 32-week-old fetus suffering from cystic 
fibrosis.

Figure 7-30a. Segmental dilatation of the large bowel in a premature infant with cystic 
fibrosis.

Figure 7-30b. Ultrasound scan of dilated 
bowel (Bo) with echogenic meconium 
plugs in a case of meconium ileus at 38 
weeks (Bl — bladder).

155



Figure 7-31a. Salivary gland from an 18-week-old fetus with 
cystic fibrosis: the strong iron-diamine reaction results from 
increased amounts of sulphomucins (x200).

Figure 7-31b. Marked “stains-all” histochemical reaction 
for sialomucins in salivary gland from an 18-week-old normal 
fetus (x200). In cystic fibrosis this reaction is nearly failed.

Figure 7-31<l. Retention of acidophilic secretions within 
the exocrine pancreas: second-trimester fetus with cystic 
fibrosis (HE, x200).

Figure 7-31c. Decreased DBA-lectin positivity in the salivary 
gland of a second-trimester fetus with cystic fibrosis (x20&).
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Figures 7-32a, b, c and d. Second-trimester fetus with cystic 
fibrosis: (a) increased PNA-lectin positivity in gastric mucosa 
(x200); (b) small intestine: the lumen is filled with eosinophilic 
secretions (HE, xlOO); (c) mucin plug in the lumen 
of the large intestine (PAS-reaction, xlOO); (d) strong 
alcianophilic reaction in large intestine goblet cells 
(Alcian blue, x200).
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Figures 7-33a and b. Wiedemann-Beckwith syndrome 
in a neonate: prominent tongue, plethoric face, extensive naevus 
flammeus involving glabella and upper eyelids, high sloping 
forehead, and deep earlobe creases (omphalocele was also present).
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Chapter 8

Renal and Urinary Tract Abnormalities

Advances in ultrasound have led to 
improved diagnosis of cystic renal 
disease and better knowledge of the 
pathological mechanisms.

Potter recognized four forms of 
congenital cystic kidney.

Infantile Polycystic Kidney

The collecting tubules develop cystic 
dilatations, 1-2 mm in diameter, 
with oliguria/anuria and oligohyd­
ramnios. The process is usually bila­
teral, and incompatible with survival 
after birth (also on account of the 
severe associated pulmonary hypo­
plasia). There is cystic degeneration 
and periportal fibrosis in the liver, 
with an inverse relationship between 
the severity of changes in the kidney 
and in the liver. Cystic changes may 
occur in the lungs and other organs.

Inheritance is autosomal reces­
sive. The disease is found twice as 
frequently in girls as in boys.

Prenatal ultrasound diagnosis is 
possible before the 20th week. 
There is oligohydramnios, and the 
kidneys are enlarged and filled with 
innumerable small cysts; they are 
conspicuously echogenic. No isola­
ted renal cysts are seen. The urinary 
bladder cannot be identified.

Multicystic Dysplastic 
Kidney

Large cysts, 10-20 mm in diameter, 
develop in the nephrons (thin­
walled) and in the collecting tubules 
(thick-walled). There is little com­
munication between the cysts, which 
are separated by loose connective 

tissue. Affected kidneys lack normal 
parenchyma and do not produce 
urine. Cysts are not found in other 
organs.

Sometimes the contralateral kid­
ney is absent, or hypoplastic. Severe 
bilateral problems are incompatible 
with survival. About two-thirds of 
cases are unilateral.

The disorder is found more often 
in boys. The cause is, in general, 
unknown; it might sometimes be a 
sequel to occlusion of a ureter (vas­
cular compression? infection?) 
early in pregnancy. Some multiple 
malformation syndromes, e.g., the 
Meckel syndrome (autosomal re­
cessive inheritance), may be associ­
ated with multicystic dysplastic kid­
neys.

On ultrasound the kidneys are ir­
regular, distorted by grape-like 
clusters of cysts of variable size.

When the malformation is unila­
teral, the amniotic fluid volume is 
normal and the bladder fills well, 
and one may safely wait to deliver 
the baby at term. Very often 
polyhydramnios occurs. Bilateral 
disease is usually associated with 
oligohydramnios; in such cases, if 
the fetus does not produce urine in 
response to 10 mg Furosemide given 
i.v. to the mother, the prognosis is 
hopeless and termination may be 
discussed.

Adult Polycystic Kidney 
(ADPKD)

Some nephrons and tubules develop 
into cysts, thin-walled and thick­
walled, respectively. Cysts of vari­
able diameter are dispersed on a 

background of normal nephrons 
and tubules. With advancing age the 
size and number of the cysts increa­
ses, renal function begins to fail, and 
hypertension and occasional haema- 
turia develop. Cysts may be found in 
other organs (liver, lungs and pan­
creas). Subarachnoid haemorrhage, 
from ruptured aneurysm, occurs 
quite frequently.

Inheritance is autosomal domi­
nant. Fifty per cent of children of an 
affected parent will be affected. The 
disease locus has been mapped to 
the short arm of chromosome 16 
and diagnosis at the molecular level 
is possible, using linked RFLPs. 
However, some families which do 
not show linkage to 16p have re­
cently been described.

The adult-type of polycystic kid­
ney disease can already be diag­
nosed with ultrasound in the 
presymptomatic stages; sometimes 
it is recognizable even prenatally. 
The image then is similar to that seen 
in the infantile type of polycystic 
kidney disease, but in the adult type 
there is always filling of the bladder 
and a normal amniotic fluid volume.

Hydronephrotic Kidney

Urethral obstruction or, in the se­
cond half of gestation, ureteral 
obstruction, leads to the develop­
ment of a hydronephrotic kidney. In 
mild cases only the pelves and the 
calices are dilated (pyelectasis), and 
the renal parenchyma is of normal 
thickness. The dilatations are regu­
larly formed, filled with urine, and 
maintain the regular anatomical 
pattern of the caliceal system. If the 
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obstruction persists, the parenchy­
ma grows thinner, and in the most 
severe cases a grossly hydronephro- 
tic kidney develops, looking on ult­
rasound like a solitary cyst (perire­
nal urinoma). In severe bilateral ca­
ses urine production ceases and oli­
gohydramnios is found. Most unila­
teral cases are accompanied by in­
creased amniotic fluid volume. The 
histological picture of the hydro- 
nephrotic kidney is characterized by 
subcapsular cysts developing from 
both tubules and nephrons.

The hydronephrotic kidney can 
be diagnosed with prenatal ultra­
sound. In severe cases three other 
possibilities must be excluded: these 
are hydrometrocolpos, ovarian cyst 
and teratoma.

Hydronephrosis develops as a se­
quel to urethral obstruction or, in 
the second half of pregnancy, to 
obstruction of the ureter. The ob­
struction can be located on ultra­
sound. Amniofetography may help 
establish the diagnosis.

In some cases, fetal pyelectasis 
ceases to progress after birth. 
Polyhydramnios may contribute to 
the development of pyelectasis, or 
be a consequence of it.

Permanent renal damage may 
develop in a number of ways.

Obstruction at the Uretero­
pelvic Junction

This is the most frequent site of 
obstruction. The cause of the anato­
mical obstruction is unknown. Fa­
milial cases are seldom seen. The 

malformation is unilateral in 70%. 
In these cases the contralateral kid­
ney is intact, the urinary bladder 
fills, the amniotic fluid is normal in 
volume, and polyhydramnios deve­
lops in step with the hydronephrosis. 
Changes are bilateral in 30%, and in 
these the kidneys are asymmetrically 
affected.

In unilateral cases, and in bilateral 
ones with adequate renal function, 
the fetus may be delivered at term. 
Sometimes, to preserve the renal 
parenchyma, repeated renocentesis, 
or establishment of a renoamniotic 
shunt, may be justified.

In bilateral hydronephrosis with 
poor renal function, induction of 
premature labour should be consi­
dered; the timing of induction 
should be discussed with the urolo­
gists and the paediatricians.

One must remember that some 
cases of pyelectasis (e.g., those due 
to vesicoureteral reflux) may regress 
prenatally. Intrauterine procedures, 
or induction of premature labour, 
should be employed only in severe 
cases of hydronephrosis.

Obstruction Due to Posterior 
Urethral Valves

The whole urinary tract above the 
obstruction is affected (hydroureth­
ra, dilated, thick-walled urinary 
bladder, hydroureter, hydronephro­
sis, abdominal wall distension, asci­
tes), and as a consequence of the 
oligohydramnios, there is pulmo­
nary hypoplasia, and deformities of 
face and limbs, etc. It seems likely 

that this malformation sequence is 
identical with the prune-belly 
syndrome claimed by neonatolo- 
gists: diastasis of the abdominal wall 
muscles, characteristically wrinkled 
abdominal skin and megaureter. 
The genital tract is almost always in­
volved: cryptorchidism in boys, 
mullerian duct anomalies in girls.

Megacystis-Microcolon- 
Hypoperistalsis Syndrome

Other causes of obstructive uro- 
pathy include urethral stricture and 
aplasia, and a lethal syndrome of 
which megacystis (despite an intact 
urethra) and a very narrow immotile 
colon (microcolon, hypoperistalsis) 
are characteristic. This latter condi­
tion is virtually untreatable surgi­
cally or by medication. The causes of 
its development are little known, but 
there is neuronal dysplasia in the af­
fected structures.

Exstrophy of the Bladder

Exposure and protrusion of the 
posterior wall of the urinary bladder 
characterize this congenital ano­
maly, which occurs chiefly in males. 
The trigone of the bladder and the 
ureteric orifices are exposed, and 
urine dribbles intermittently on the 
mucous membrane of the everted 
bladder. Exstrophy results from in­
complete midline closure of the in­
ferior part of the anterior abdominal 
wall. Fortunately, this severe mal­
formation is rare.
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Figures 8-la, b, c and d. Longitudinal section of a normal 
mid-trimester fetal kidney and adrenal gland (a); 
note the embryonic lobulation (b); the cortex, medullary 
pyramid and papilla are all clearly defined (HE, x40) (c and d).

d
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Figures 8-2a, b, c and d. Normal kidney from 
a 24-week-old fetus: (a) nephrogenic zone, outer cortex 
(HE, xlOO); (b) cortex with a regular pattern of glomeruli 
and tubules (HE, xlOO); (c) medulla, loops of Henle 
and collecting tubules (HE, xlOO); (d) corticomedullary 
junction, regular pattern of normally developed glomeruli, 
tubules and loops of Henle.
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Figures 8-3a, b and c. Infantile polycystic kidney (Potter type 
I): (a) macroscopic view of a bilateral form; (b) ultrasound 
view of infantile polycystic kidneys: they are large and display 
a “spongy” appearance. The cysts cannot be separated 
by ultrasound; their small diameter is below' the resolving 
power of ultrasound equipment; (c) longitudinal section; 
cortex and medulla have a sponge-like appearance, 
and contain innumerable small cysts.
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Figure 8-4. Bilateral polycystic kidney disease of infantile type 
in a 19-week-old fetus.

Figures 8-5a and b. Infantile polycystic kidney: (a) multiple cysts are seen in the medulla, with increased peritubular connective tissue; 
rather few glomeruli are seen in the cortex (HE, x40); (b) normal appearance of glomeruli, with adjacent cystically dilated tubules within 
the renal medulla.
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Figure 8-6. Bilateral polycystic kidneys of infantile type 
in a male mid-trimester fetus.

Figure 8-7. Kidneys showing normal lobulation
in a mid-trimester anencephalic fetus. (Anencephaly associated 
with suprarenal gland hypoplasia.)

Figures 8-8a and b. Infantile type 
polycystic kidney: (a) horizontal section; 
(b) small cysts without connective tissue 

proliferation (HE, x 100).
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Figures 8-9a, b, c and d. Enlarged 
multicystic kidneys: (a) in situ; 
(b) longitudinal section of kidney 
and adrenal gland. Many cystic spaces 
are seen. The corticomedullary junction 
is not clearly demarcated;
(c) a case of unilateral multicystic kidney 
detected by ultrasound at 24 weeks 
of gestation; (d) multiple cysts separated 
by distinct septa; ultrasound in a case 
of unilateral multicystic kidney 
(22 weeks of age).
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Figures 8-10a, b and c. Multicystic dysplastic kidneys (Potter type II): (a) moderate cystic enlargement of both kidneys, with loss of the 
normal embryonic lobulation; (b) cut surface: the cysts are greatly variable in size, and no renal parenchyma can be distinguished; 
(c) longitudinal section of fetal kidney showing numerous cystic spaces of varying diameter in both cortex and medulla.
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Sothfr'kidney tas 3^“' enlargement °f multicystic associated with oligohydramnios and pulmonary hypoplasia.

I)

Figures 8-12a and b. Type II cystic kidney: (a) to show cysts lined by thickened connective tissue, and scattered glomeruli (HE x200T 
(b) part of a giant cyst with dysplastic tubules (HE, x200). 6 ' ’
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Figures 8-13a and b. Type II cystic kidney at a higher magnification: between the cysts 
there are groups of small dysplastic tubules, and glomeruli at different stages of 
development (HE, x200).
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Figures 8-14a, b, c and d. Type II dysplastic kidney: (a and 
b) primitive ducts lined with columnar epithelium and 
surrounded by mesenchyma (HE, x200); (c) at higher 
magnification (HE, x300); (d) dilated tubules, 
surrounded by connective tissue (Endes trichrome, x200).
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Figures 8-15a, b and c. Multicystic kidneys associated with Meckel’s syndrome:
(a) microcephaly; occipital encephalocele and polydactyly are also seen; (b) ultrasound 
view of an enlarged kidney; (c) longitudinal section of the kidneys showing cystic spaces 
of varying diameter. The corticomedullary junction is not clearly demarcated.
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Figures 8-16a and b. Type III (adult) cystic kidney: (a) slightly dilated tubules are scattered throughout the cortex and medulla, 
intermixed with normal nephrons (HE, x40); (b) Type I (infant) cystic kidney for comparison: numerous small cysts without connective 
tissue proliferation (HE, x40).

Figures 8-17a and b. Type III cystic kidney: tubular dilatation, early changes (HE, xlOO).
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Figures 8-18a, b, c and d. Type III cystic kidney: 
(a and b) a few glomeruli and some moderately dilated 
tubules, surrounded by proliferating connective tissue are 
scattered between the cysts (HE, xlOO); (c and d) moderately 
dilated Bowman’s capsules, containing glomeruli and a few 
cystically dilated tubules (HE, x200).
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Figures 8-19a and b. Megacystis in mid-trimester fetus with 
enormously distended abdomen and with bilateral talipes (a); 
hydronephrosis secondary to urethral obstruction: the enlarged 
bladder and the grossly dilated ureters lie between the kidneys, 
and the urethra below (b).

Figure 8-19c. Transverse section of hydronephrotic kidney 
showing subcapsular cysts and dilated ureter (Potter type IV).
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Figures 8-20a and b. Type IV dysplastic kidney: scattered 
small cysts in the subcapsular layer, and normal nephrons 
(HE, x40) (a); hydronephrosis, original magnification: dilated 
renal pelvis and antrophised parenchyma (b).
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Figures 8-22a and b. Grossly enlarged bladder associated with urethral atresia (a); internal surface of the grossly enlarged bladder: 
the rugosities mimic cerebral gyri (b).

Figure 8-23a. The fetal bladder is 
markedly enlarged in a case of urethral 
obstruction (ultrasound view).

Figure 8-23b. Extreme dilatation 
of the bladder and complete absence 

of amniotic fluid in urethral obstruction 
(ultrasound view).
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Figures 8-24a and b. Grossly enlarged bladder associated with urethral stenosis in mid-trimester fetus.

Figures «-25a and b. Urethral stenosis: (a) irregular narrowing of the urethra (HE, xlOO); (b) dilated section of urethra from above 
the obstruction (HE, xlOO).
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8
Figure 8-26. Urethral obstruction due to posterior urethral valve 
in a mid-trimester fetus.

Figures 8-27a and h. Prune-belly syndrome:
(a) with associated renal tract malformations; neonatal death;
(b) with characteristic asymmetrical protrusion of the lower 
abdominal wall and cryptorchidism.
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Figure 8-28. Grossly dilated bladder in an 18-week-old fetus with 
megacystis, microcolon and intestinal hypoperistalsis syndrome.

Figure 8-29a. Ultrasound view of extreme 
dilatation of the bladder in a case 
of megacystis, microcolon and intestinal 
hypoperistalsis syndrome.

Figure 8-29b. Megacyst occupying 
the whole fetal abdomen. The fetal head is 

also visible on the right side 
(ultrasound view).
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Chapter 9

Skeletal Dysplasias and Limb Defects

The limbs begin to appear towards 
the end of the fourth week as slight 
elevations of the ventrolateral body 
wall. The upper limb buds develop 
slightly before the lower limb buds. 
The tissues of the limb buds derive 
from two main sources: somatic 
mesoderm and ectoderm. Initially, 
the developing limbs are directed 
caudally; later, they project ven­
trally, and finally they rotate on their 
longitudinal axes. The upper and 
lower limbs rotate in opposite di­
rections and to different degrees.

This Chapter deals with skeletal 
dysplasias and limb deficiencies 
which may be detected prenatally. 
This group of disorders (1) exhibits a 
wide range of severity; (2) the un­
derlying biochemical defect is gene­
rally unknown; (3) the anatomical 
abnormalities can often be diag­
nosed on ultrasound. Minor limb 
defects are relatively common, but 
major limb malformations are ge­
nerally rare. Abnormalities of the 
fingers and toes occur relatively of­
ten, but they can usually be correc­
ted surgically. Although minor mal­
formations are as a rule of no serious 
medical consequence, they may 
serve as indicators of more serious 
abnormalities; i.e., they may be part 
of a specific pattern of malformation 
syndrome. The main characteristics 
of some of the most important ske­
letal dysplasias and sequences asso­
ciated with ossification disturbances 
are given in the Table.

Long bone biometry has been ex­
tensively used in predicting gesta­
tional age. Nomograms available for 
this purpose use the long bone as the 
independent variable and the esti­

mated fetal age as the dependent 
variable. For the proper use of these 
nomograms in pregnancies at high 
risk of skeletal dysplasias the clini­
cian must know accurately the ges­
tational age of the fetus. Our expe­
rience in the prenatal diagnosis of 
skeletal dysplasias indicates that af­
fected fetuses show dramatic devia­
tions from the 5th and 95th confi­
dence limits. In skeletal dysplasias 
not only the length, but also the 
growth rates of the fetal bones are 
decreased. Therefore, growth rate 
may be a very sensitive parameter in 
the early detection of skeletal 
dysplasias.

The skull and most of the long 
bones are recognizable from the end 
of the first trimester, the metacarpals 
and metatarsals from the 16th week, 
and the phalanges from the 18th to 
19th weeks. Any formation contain­
ing calcium (ossification centre) 
must reach 2 to 3 mm in diameter to 
become visible on ultrasound. Some 
of the carpal and tarsal bones remain 
cartilaginous throughout; the cal­
caneus and the talus ossify in the 
fifth and sixth months.

At the base of the cranium the 
sphenoid, the wing-like formation of 
the petrous portion of the temporal 
bone, the occipital bone and certain 
cranial fossae, and in the splan- 
chnocranium the orbits, the root of 
the nose, the maxilla and the man­
dible are recognizable by weeks 16 
to 18.

The scapula, clavicle, humerus, 
radius and ulna, as well as the femur, 
tibia and fibula, are easily identified. 
One should remember that the ra­
dius and ulna cross one another 

when the hand is pronated. The fe­
mur is the bone that can be studied 
and measured with the greatest ac­
curacy. The distal epiphysis of the 
femur, and the proximal epiphysis of 
the tibia can be clearly distinguished 
by the end of pregnancy. Their pre­
sence, irrespective of size, is an indi­
cation of fetal maturity. The ribs and 
the pelvis are useful points of orien­
tation. The iliac, ischial and pubic 
ossification centres are identifiable 
by the third, fourth and sixth 
months, respectively.

Topographically the spine is very 
important. Fortunately, it can be 
seen in almost all positions of the fe­
tus. In the longitudinal plane it is 
represented by three series of ossifi­
cation centres (one anterior and two 
posterior). The posterior centres run 
nearly parallel; they are slightly di­
vergent in the upper cervical and the 
lumbar regions, and converge in the 
sacral region. Being normally 
kyphotic, the spine cannot be de­
monstrated in its full length in a 
single longitudinal view; the posi­
tion of the three ossification centres 
must be examined, in the transverse 
plane, segment by segment. (Ap­
pearance of the ischial ossification 
centres indicates that the lower end 
of the spine has been reached.)

If the fetal skeleton cannot be 
clearly visualized by ultrasound after 
14-15 weeks of gestation as a result 
of under-ossification or the presence 
of extremely small ossified struc­
tures, the following diagnoses 
should be considered: osteogene­
sis imperfecta, hypophosphatasia, 
achondrogenesis and hypochon- 
drogenesis.
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Table
Skeletal dysplasias, limb anomalies 
and other ossification disturbances 
(mode of inheritance in parentheses)

Aarskog syndrome (faciodigitoge- 
nital syndrome) (hypertelorism, 
brachydactyly, cryptorchidism, 
shawl-like scrotum) (XD)

Achondrogenesis (neonatal lethal) 
(very short limbs, little or no ossi­
fication in lower spine and limbs) 
(AR)

Achondroplasia (short limbs, large 
head, deep nasal root, prominent 
forehead (AD)

Amelia, hemimelia, hypomelia 
(usually sporadic, with low re­
currence risk both to subsequent 
sibs and to offspring. Some cases 
will prove on closer examination 
to have resulted from amniotic 
bands (see ADAM complex)

Apert syndrome (acrocephalosyn­
dactyly) (craniosynostosis, turri­
cephaly, midface hypoplasia, cleft 
palate, syndactyly, wide distal 
phalanx of thumb and hallux) 
(AD)

Arachnodactyly (AD)
Arthrogryposis multiplex congenita 

(AD, AR, XR)
Brachydactyly (short fingers and 

toes) (AD)
Branchiootorenal (BOR) dysplasia 

(preauricular pits, deafness, renal 
dysplasia) (AD)

Campomelic dysplasia (neonatal 
lethal) (curved tibiae, hypoplastic 
scapula, flat face) (AR)

Camptodactyly (flexion contracture 
of one or more fingers or toes) 
(AD, AR)

Chondrodysplasia punctata (short 
humerus and femur, punctate 
calcification of epiphyses, coronal 
vertebral clefting) (AR, AD, XD)

Clubfoot (talipes) (multifactorial 
determination, intrauterine mal­
position)

Cockayne syndrome (premature 
ageing with microcephaly, retinal 
degeneration, fine hair, and pho­
tosensitive atrophic skin) (AR) 

Coffin-Lowry syndrome (short pal­
pebral fissures, maxillary hypo­
plasia, flat nose, tapering fingers, 
severe mental retardation) (XD) 

Cornelia de Lange syndrome [mic­
robrachycephaly, synophrys (mid­
line eyebrow fusion), thin upper 
lip, micromelia, severe growth 
and developmental retardation, 
often neonatal/infant death] 
(usually sporadic)

Diastrophic dysplasia (curved tu­
bular bones, especially the first 
metacarpal, articular restriction, 
hypertrophic auricular cartilage) 
(AR)

Dubowitz syndrome (microcephaly, 
facial dysmorphism, lateral eye­
brow deficiency, eczema, growth 
retardation) (AR)

Dysostosis craniofacialis (Crouzon 
disease) (shallow orbits, exoph­
thalmos, craniosynostosis, max­
illary hypoplasia) (AD)

Dysostosis mandibulofacialis (Col- 
lins-Franceschetti syndrome) 
(mandibular hypoplasia, down­
slanting palpebral fissures, lower 
eyelid defect, malformed external 
ear) (AD, AR)

Ectrodactyly (absent fingers, split 
hand) (AD, AR)

ECP syndrome (ectrodactyly, cleft 
palate) (AD)

EEC syndrome (ectrodactyly, ecto­
dermal dysplasia, cleft lip/palate) 
(AD)

Ehlers-Danlos (ED) syndromes 
(hyperextensible joints, hyper­
elastic skin, abnormal scarring; 
premature delivery, following 
early spontaneous rupture of the 
membranes; in some ED syn­
dromes spontaneous rupture of 
blood vessels, internal organs; eye 
abnormalities) (AD, XR, AR)

Ellis-van Creveld syndrome (chon- 
droectodermal dysplasia) (chon­
drodysplasia, polydactyly, nail 
hypoplasia, hypodontia, atrial 
septal defect) (AR)

Goldenhar syndrome (facioauricu- 
lovertebral syndrome) (asymmet- 
ric/unilateral changes; maxillary 
and mandibular hypoplasia, small 
ears, preauricular skin tags 
and/or pits, vertebral hypoplasia 
or hemivertebrae) (AR)

Hallermann-Streiff syndrome (bra­
chycephaly, microphthalmos, 
small nose, microstomia, hypo­
trichosis) (AR)

Holt-Oram syndrome (rounded 
narrow shoulders, radial ray de­
fects—fingerlike or hypoplas- 
tic/absent thumb, abnormal car­
pus, and congenital heart defects— 
atrial/ventricular septal defect) 
(AD)

Ivemark syndrome (midline defects: 
asplenia, malposition of abdomi- 
nal/thoracic organs, cardiovas­
cular anomalies) (AR)

Jeune syndrome (asphyxiating tho­
racic dysplasia) (usually neonatal 
lethal) (very small chest, short 
limbs, hypoplastic hip, progres­
sive renal disease in many surviv­
ing into childhood) (AR)

Kartagener syndrome (situs inver­
sus, septal defect of the heart, re­
current sinusitis, bronchiectasis, 
disturbed movements of sperma­
tozoa and cilia; affected men are 
sterile) (AR)

Langer-Giedion syndrome (mul­
tiple exostoses, flat nose, large 
ears, loose skin; chromosome lo­
cus 8q23) (AD)

Laurence-Moon-Biedl syndrome 
(mental retardation, retinal pig­
mentation, hypogenitalism, obe­
sity, polydactyly) (AR)

Lowe syndrome (oculocerebrore­
nal syndrome) (cataract, mental 
retardation, renal tubular dys­
function with aminoaciduria) 
(XR)

Marfan syndrome (arachnodactyly, 
subluxation of the lens, aortic di­
latation and aneurysm, increased 
stature, scoliosis) (AD, AR)

Meckel syndrome (occipital ence- 
phalocele, microcephaly, mul- 
ticystic kidney dysplasia, poly­
dactyly) (AR)
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Metatropic dysplasia (small chest, 
thoracic kyphoscoliosis) (AR, 
AD)

Mohr syndrome (orofaciodigital 
syndrome II) (mild median cleft 
lip, cleft tongue, wide nasal bridge, 
deafness, partial duplication of 
the big toe) (AR)

Multiple cartilaginous exostoses 
(AD)

Osteogenesis imperfecta (fragile 
bones, otosclerosis, hyperexten­
sibility, blue sclera) (AD, AR)

Pfeiffer syndrome (acrocepha­
losyndactyly) (acrocephalic skull, 
prominent forehead, syndactyly 
of toes 2 and 3, large thumb, me­
dially displaced big toe; intelli­
gence is usually norm (AD)

Phocomelia (agenesis of proximal 
limb bones, seal-like limbs) (usu­
ally a constituent of multiple con­
genital anomalies; also occurs as 
an isolated defect, or resulting 
from teratogens, e.g., thalido­
mide)

Pierre Robin sequence (Robin se­
quence) (mandibular hypoplasia, 
micrognathia, glossoptosis, pala­
toschisis) (?)

Poland sequence (unilateral absence 
or hypoplasia of greater pectoral 
muscle or other shoulder-girdle 
muscles, ipsilateral syndactyly, 
and finger hypoplasia—the index 
finger being most severely affec­
ted and the thumb usually spared) 
(early damage to subclavian ar­
tery?) (sporadic)

Polydactyly, postaxial (AD, AR) 
Polydactyly, preaxial (AD) 
Roberts syndrome [tetraphocome- 

lia, severe midface defects (inter­
maxillary encephalocele, cleft 
lip/cleft palate)] (AR)

Rubinstein-Taybi syndrome (broad 
thumbs and big toes, down-slant­
ing palpebral fissures, epicanthus, 
hypoplastic maxilla, moderate to 
severe growth and developmental 
retardation) (usually sporadic; 
concordant in MZ twins)

Russell-Silver syndrome (chond­
rodysplasia, skeletal asymmetry, 
bent fifth fingers, growth retar­
dation with relatively large head 
and characteristic facies) (AR, 
XR)

Saldino-Noonan syndrome (neo­
natal lethal) (chondrodysplasia, 
short ribs, polydactyly) (AR)

Sirenomelia (associated with re­
nal agenesis, oligohydramnios; 
predisposed to by maternal dia­
betes)

Smith-Lemli-Opitz syndrome 
(turned- up nose, ptosis, 
syndactyly of toes 2 and 3, 
hypospadias, cryptorchidism, 
very severe growth and develop­
mental retardation) (AR)

Spondyloepiphyseal dysplasias 
(short trunk, delayed epiphyseal 
calcification, articular restriction, 
myopia; range from neonatal le­
thal to adult onset) (AR,AD,XR) 
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Stickler syndrome (cleft lip and pa­

late, flat face, myopia, deafness, 
hip dysplasia—very variable) (AD: 
some cases map to COL2AI lo­
cus on chromosome 12)

Symphalangy (bony fusion at the 
interphalangeal joints) (AD)

Syndactyly (fusion of the fingers or 
toes) (AD)

Thanatophoric dysplasia (neonatal 
lethal) (short limbs, flat vertebrae, 
large head) (AD)

VACTERL association (association 
of vertebral, anal, cardiac, trac- 
heo-oesophageal, renal and limb 
malformations) (sporadic)

Varadi-Papp syndrome (cleft lip/ 
cleft palate, holoprosencephaly, 
arhinencephalia, mental retarda­
tion, polydactyly) (AR)

Waardenburg syndrome (uni/bila- 
teral severe nerve deafness, mild 
to gross telecanthus without 
hypertelorism, white forelock, 
heterochromia iridis) (AD)

Wiedemann-Beckwith syndrome 
(exomphalos-macroglossia-gigan- 
tism = EMG syndrome (usually 
sporadic, with some AD families) 

Zellweger syndrome (cerebrohepa- 
torenal syndrome) (macrogyria, 
polymicrogyria, hypotonia, pro­
minent forehead, flat face, hepa- 
tosplenomegaly) (AR)
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Figure 9-2. Achondrogenesis type II. Very 
poor ossification of limb bones;
no ossification of sacral vertebrae or pubis 
or ischium; bony spurs on ilium; small 
rounded chest with short, broad, 
terminally-flared ribs.

Figure 9-1. Achondrogenesis type II.

Figure 9-3. Achondrogenesis type II. Poor 
ossification of limb bones and lower spine 
and pelvis; short stubby ribs; small iliac 
wings with bony spurs; short limb bones 
with flared, poorly-ossified metaphyses; 
prominent abdomen.
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Figure 9-4. Achondroplasia, neonatal 
death. Moderately narrow chest; narrowed 
interpedicular space from SI downwards; 
small square iliac wings with horizontal 
acetabular roof and medial beaking; 
moderate translucency at upper 
end of femur/metaphysis.

Figure 9-5. Achondroplasia, at 2 days. 
Lateral spine. Short lumbar pedicles; 
developing lumbar kyphus.

Figure 9-6. Achondroplasia, neonatal 
death. Narrow chest; small iliac wings with 
medial beaking to acetabulum; moderate 
shortening of proximal limb bones; slight 
flaring of metaphyses; increased 
translucency at upper end of femur.

Figure 9-7. Camptomelic dysplasia, 
neonatal lethal. Bell-shaped chest, small 
scapulae; marked bowing of slender 
femora and of shortened tibiae and fibulae; 
mild bowing of humerus and ulna 
(water-artefact on film!).

Figure 9-8. The extremely short 
and thickened tibia from a fetus with 
campomelic dysplasia of autosomal 
recessive inheritance (36 gestational weeks).
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Figure 9-9. Parasitic twin, lateral X-ray: almost complete 
failure of vertebral, costal and cranial vault development, 
hypoplastic upper limbs.

Figure 9-10. Severely macerated 7 cm (CR) spontaneous 
abortus, with hydrops, prominent abdomen and short upper 
and lower extremities (short-limbed dwarfism?).

M
FT
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Figure 9-11. Chondrodysplasia punctata, 
X-linked dominant (?); female, death 
at 2 months. Chest: short ribs 
and asymmetric chest with snowstorm 
appearance (speckling of costal cartilages) 
and speckling of epiphyses on scapula, 
humerus and vertebral pedicles.

Figure 9-12. Chondrodysplasia punctata. 
Widespread epiphyseal speckling involving 

spine, ribs, pelvis and limbs. Moderate 
shortening of limb bones only. Asymmetric 

chest and scoliosis.
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Figure 9-13. Diastrophic dysplasia. 
Moderate chest narrowing, with otherwise 
normal ribs; slight shortening of limb 
bones (femur); early scoliosis.

Figure 9-14. Diastrophic dysplasia. Age: 2 months. Flat upper face with mild proptosis, 
small nose and prominent ears; very low-set abnormal “hitch-hiker” thumbs; proximal 
limb shortening; narrow upper chest.

Figure 9-15. Diastrophic dysplasia. Ear: 
fleshy, swollen and dysplastic.

Figure 9-16. Diastrophic dysplasia. 
Age: 2 months. Legs: short femur, marked 
metatarsus varus, and tibial deviation of all 

toes. Note also the prominent abdomen 
and small chest, and abnormally placed 

thumb.
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Figures 9-17 and 18. Jeune syndrome, asphyxiating thoracic 
dysplasia: upper chest extremely narrowed, and further 

compressed in the axillae (Figure 17);’termination after prenatal 
ultrasound diagnosis characterized by a narrow thorax at 18 

gestational weeks (Figure 18).

Figure 9-19. Asphyxiating thoracic 
dystrophy (Jeune). Bell-shaped chest with 
extreme shortening of upper and middle 
ribs; only slight shortening of long bones.

Figure 9-20. Asphyxiating thoracic 
dystrophy (Jeune). 17 weeks’ pregnancy 
termination: postaxial polydactyly 
of left foot.

203



Figures 9-21a and b. Hypophosphatasia, severe neonatal lethal. Neonate, knee: 
V-shaped ossification defects in all metaphyses (a); forearm: moth-eaten appearance 
of metaphyses (ulna, radius), and V-shaped defect in humerus (b).

Figure 9-22. Severe rhizomelic form 
of chondrodysplasia punctata (autosomal 
recessive); neonatal lethal, female born 
to first-cousin parents. Speckled epiphyses, 
limbs and trunk; severe rhizomelic 
shortening; fifth rib removed for histology; 
small chest.

Figure 9-23. Severe rhizomelic form 
of chondrodysplasia punctata: 
sib of previous case. Speckling of all 
epiphyses, severe rhizomelic shortening, 
small chest.
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Figure 9-24. Russell-Silver syndrome: newborn, 37 weeks’ 
gestation, weight 1200 g, with relatively very large head.

Figure 9-25. Osteogenesis imperfecta, type 
Ila: broad shortened accordeon-like 
femora, severe angulation of both tibiae, 
with multiple fractures.

Figure 9-27. Osteogenesis imperfecta, type II. Multiple fractures in long bones, ribs 
and pelvis. The upper ribs are severely shortened, the chest bell-shaped. I he proximal 

limb bones are long, slender and grossly deformed by fiactures.

Figure 9-26. Osteogenesis imperfecta, type 
lib: multiple rib fractures, narrowed upper 
thorax.
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Figure 9-28. Osteogenesis imperfecta, type II. Bowing of femora 
and tibiae, with gross variation in bone density and multiple 
fractures. Moderately broad crumpled long bones.

Figure 9-29. Osteogenesis imperfecta, type II. Broad, short 
brick-like, crumpled femora.

Figure 9-30. Osteogenesis imperfecta, 
type II. Skull: no ossification 
of cranial vault.
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Figures 9-31a and b. Spondyloepiphyseal congenital dysplasia (late neonatal death associated with Shigella sepsis).

Figures 9-32a b and c. Spondyloepiphyseal dysplasia: lateral whole body X-ray showing steep floor to anterior fossa, a defective 
ossification of the cervical vertebrae, pear-shaped vertebral bodies in the thoracolumbar spine (a); X-ray shows rhizomelic limb 
shortening and failure of ossification of the pubic bones (b); prenatal ultrasound of shortened humerus at 24 gestational weeks (c).
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Figures 9-33a ami b. Thanatophoric dysplasia: short limbs, 
large head, neonatal lethal (a); ultrasound view of a limb: 
Ua — upper arm, La — lower arm and Fi — fingers (b).

Figure 9-34a. Thanatophoric dysplasia. 
Large head, redundant skin at neck 
and in limbs; short ribs; marked 
platyspondylisis; polygonal scapulae, small 
but relatively wide iliac wings; short curved 
femora with spiky metaphyseal projections.

Figure 9-34b. Thanatophoric dysplasia, 
died at 20 hours. Narrow chest and short 
ribs with flared costochondral junctions;

extreme platyspondylisis; short curved 
humerus, femur, tibia and fibula.
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Figure 9-35. Longitudinal sections of a normal humerus (left) 
and the curved humerus of a fetus suffering from 
thanatophoric dysplasia (right).

Figure 9-36. Rib and tibia from a normal fetus (left).
The same, from a fetus with thanatophoric dysplasia (right), 
showing irregularities at the costochondral junction.

Figure 9-37. Coronal sections through vertebral column of a 
normal fetus (left) and of a fetus with thanatophoric dysplasia
(right).

Figure 9-38. Macroscopic view 
of a plantar section of the fetal left leg 
showing amniotic band connecting 
to the deformed finger 
(17 gestational weeks).

Figure 9-39. Plantar section 
of a mid-trimester fetal foot showing 

polydactyly.
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Figure 9-40. Radial aplasia in a macerated stillborn: cause unknown.

Figure 9-41. Pfeiffer syndrome in mother and son: characteristic 
face, prominent forehead, large, medially deviated right thumb 
in parent, left thumb in child, other finger anomalies.
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Chapter 10

Hydropic Anomalies

Unlike “immune hydrops”, result­
ing from fetomaternal blood-group 
incompatibility, “non-immune hy­
drops” develops in the absence of 
blood group incompatibility and 
without erythroblastosis. Non-im­
mune hydrops has assumed growing 
importance in prenatal diagnosis 
and management as Rh-haemolytic 
disease is better controlled and pre­
vented.

Non-immune hydrops is charac­
terized by a generalized oedema 
(anasarca, oedematous placenta, 
polyhydramnios, etc.) and accumu­
lation of fluid in serous-lined cavities 
(ascites, hydrothorax, chylothorax, 
etc.). Isolated ascites or isolated 
hydrothorax may be the first sign. 
Hepatomegaly is rarely present.

The earlier designation “idiopa­
thic” non-immune hydrops sugges­
ted a process without a known 
cause. Today the causes of non-im­
mune hydrops can often be revealed 
by appropriate investigations.

The most frequently occurring 
causes are the following.

1. Infection (toxoplasmosis, CMV 
infection, syphilis, leptospirosis, he­
patitis, etc.).

2. Severe anaemia and/or hypo- 
proteinaemia of mother and/or fe­
tus.

3. Untreated maternal diabetes 
mellitus.

4. a-thalassaemia.
5. Cardiac abnormalities (mal­

formations, teratoma, rhabdomyo­
ma, arrhythmia, etc.).

6. Pulmonary malformations 
(congenital cystic adenomatous 
malformation, diaphragmatic her­
nia, intrathoracic teratoma, etc.).

7. Gastrointestinal abnormalities 
(meconium peritonitis, atresia, vol­
vulus, etc.).

8. Hydrops of hepatic origin (cal­
cification, fibrosis, polycystic liver 
disease, etc.).

9. Urethral obstruction, persistent 
cloaca, prune-belly syndrome, etc.).

10. Abnormalities of the lym­
phatic system (congenital lymph­
oedema, chylothorax, etc.).,

11. Cystic hygroma complicating 
Ullrich-Turner’s syndrome or auto­
somal (21, 18, and 13) trisomies, 
sometimes isolated but often with 
generalized oedema.

12. Feto-fetal transfusion syn­
drome in twin pregnancy.

The initial diagnosis of hydrops 
is likely to be made by ultrasound; 
this diagnosis can be established at 
a routine examination, or following 
referral, with a suspicion of 
hydrops, on the basis of clinical 
polyhydramnios or diminished fe­
tal movements. The localization 
and extent of the hydrops can be 
seen on ultrasound—signs include 
polyhydramnios and ascites (loops 
of intestine float freely when there 
is more than 100 ml of fluid in the 
abdominal cavity, and there is a 
clear space between the liver and 
the diaphragm); hydrothorax, ge­
neralized oedema and a thickened 
enlarged placenta, and the oede­
matous fetus makes little or no 
movement. Localized fetal mal­
formations can be seen on ultra­
sound: they may be directly res­
ponsible for the hydrops, e.g., car­
diac tumours, or suggest the pre­
sence of a trisomy or a Ullrich- 
Turner’s fetus.

Maternal-fetal blood group in­
compatibility should be excluded, 
likewise diabetes mellitus, anaemia 
or hypoproteinaemia, maternal in­
fection as well as the possibility of a 
fetal haemoglobinopathy.

It may be helpful to examine 
amniotic fluid or fetal blood for 
grouping, chromosome analysis, 
bacteriological and virological 
tests, etc.

Once non-immune hydrops has 
been diagnosed, all reasonable steps 
must be taken to determine its cause. 
When maternal disease is respon­
sible, it should receive specific 
treatment. Hydrops of undeter­
mined cause remains a problem, re­
quires intensive prenatal investiga­
tion, and may be best managed by 
empiric treatments such as thoraco­
centesis, digoxin, albumin and blood 
transfusions. If hydrops is diagnosed 
before the 20th week, pregnancy 
termination should be offered (es­
pecially if there is coexisting fetal 
malformation). When hydrops is 
first diagnosed after 20 weeks at­
tempts should be made to save the 
fetus, though the chances of success 
are poor.

Fetal thoracocentesis or abdomi­
nal paracentesis may be performed 
via the maternal abdominal wall, 
and can result in a transient remis­
sion; hydrops soon returns. Fetal 
abdomino-amniotic shunts usually 
fail. The prognosis for non-immune 
hydrops is poor; at least 50% of fe­
tuses die in utero.

The recurrence risk depends on 
the primary cause of the hydrops. 
Further pregnancies may be under­
taken, but prenatal diagnosis is usu­
ally advisable.
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Figure 10-1. Intrauterine cytomegalovirus infection: viral 
inclusion bodies in glomerular mesangium (HE, x400).
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Figure 10-2. Intrauterine cytomegalovirus infection, renal 
tubules: CMV inclusion body in a tubular epithelial cell 
(HE, x400).

Figure 10-3. Cytomegalovirus infection with hepatitis: 
irregular pattern of hepatocytes and sinusoids (HE, xlOO).

Figure 10-4. Intrauterine cytomegalovirus infection: prominent abdomen, with ascites.
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Figure 10-5. Cytomegalovirus infection with hepatitis, 
characteristic inclusion bodies within hepatocytes (HE, x400).

Figure 10-6. Cytomegalovirus hepatitis, bile ducts: typical 
inclusion bodies within epithelial cells (HE, x400).

Figure 10-7. Cytomegalovirus hepatitis: disorganized 
hepatocytes and proliferation of the pseudobile ducts (HE, x 160).

Figure 10-8. Cytomegalovirus hepatitis: increased connective 
tissue about the sinusoids and in the periportal space 
(Van Gieson, xlOO).

Figure 10-9. Intrauterine cytomegalovirus infection, placenta: 
CMV inclusion body in stromal cells suggest transplacental 
spread (HE, x400).

Figure 10-10. Pseudobile duct proliferation in the liver from a 
case of CMV infection (Van Gieson, x400).

218



10

Figures 10-1 la, b, c and d. Different forms of severe cystic hygroma in mid-trimester fetuses diagnosed prenatally.

219



10

c d

Figures 10-12a, b, c, d and e. Prenatally diagnosed non-immune hydrops (anasarca, hydrothorax with lung hypoplasia, and ascites) can be 
seen on the ultrasound views.
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Figure 10-13. Nodular surface of the liver in connatal 
cirrhosis.

Figure 10-14. The inferior surface of the liver in connatal 
nodular cirrhosis.

Figure 10-15. Giant-cell hepatitis: multinucleate hepatocytes 
with bile pigment stasis (their cytoplasm packed with bile 
pigment) (HE, x400).

Figure 10-16. Giant-cell hepatitis: hepatocytes transformed 
into giant multinucleate syncytial cells (HE, x400).
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Figure 10-17. Bile duct proliferation in giant-cell hepatitis 
(HE, x400).

Figure 10-18. Giant-cell hepatitis: nodular liver structure with 
irregularly arranged hepatocytes (HE, xlOO).

Figure 10-19. Giant-cell hepatitis: concentric bands 
of proliferating peripartai connective tissue (Van Gieson, x400).

Figure 10-20. Giant-cell hepatitis: reticulin fibres 
at the periphery of a liver nodule (Gomori’s silver, xlOO).
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a b

Figures 10-21a and b. Severe non-immune hydropic fetus with 
cheilognathopalatoschisis diagnosed prenatally. The mother 
has hare lip.

Figure 10-22. Severely macerated hydropic fetus 
(non-immune hydrops).
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Chapter 11

Chromosome Aberrations

Human cells normally carry 46 
chromosomes. The systematically 
arranged chromosome set charac­
teristic of a given individual is the 
karyotype. The photographed 
chromosomes, cut out from a speci­
fic metaphase, are displayed in order 
of size.

The human chromosomes are 
conventionally examined in 
lymphocyte cultures prepared from 
peripheral blood, but they can be 
examined in any dividing human cell 
(e.g., bone marrow, endometrium or 
chorionic villi) or in cultured cells 
(e.g., amniotic fluid cells, skin fib­
roblasts).

Chromosome aberrations are 
mutations of the inheritance mate­
rial, involving duplication/trisomy, 
deletion/monosomy or rearrange­
ments of the chromosomes large 
enough to be observed with the 
light-microscope. Available me­
thods allow recognition of an excess 
or deficiency down to about 0.2% of 
the genome, i.e., about 6 million 
base pairs; a little more resolution, 
to 2-3 megabases, may sometimes 
be attained with high-resolution 
techniques.

Individuals with a chromosome 
duplication or deletion are “chro- 
mosomally unbalanced11, while those 
having a complete chromosome set 
but in a rearranged form are “chro- 
mosomally balanced11. Most balan­
ced rearrangements and a few un­
balanced aberrations are without 
serious clinical consequences; 
pregnancies with chromosomally 
balanced fetuses are usually left to 
go to term. However, an unbalanced 
chromosome constitution is usually 

associated with mental retardation 
and more or less severe multiple 
physical defects; there is a case for 
prenatal screening and discussion of 
pregnancy termination. Duplica­
tion/trisomy involving more than 
1-2% of the genome, or deletion/ 
monosomy involving more than 
0.5-1%, is usually not compatible 
with survival to live birth.

Chromosome aberrations can be 
divided into numerical or structural, 
and into those involving autosomes 
and those involving the sex chro­
mosomes.

Chromosome aberrations are 
present, at conception, in nearly 
10% of zygotes. Chromosomally 
abnormal zygotes are of reduced vi­
ability, and most of the affected 
embryos die, aborting spontane­
ously. Only 0.6% of live-born in­
fants are affected. Chromosome 
aberrations are present in 60% of 
early abortions, in 6% of mid-tri­
mester abortions and in 4-5% of 
stillborn fetuses.

Although there are exceptions, in 
general additional chromosomal 
material is more compatible with life 
than a deficiency. In abortion mate­
rial we find mainly trisomies and 
triploidy. The monosomic zygotes 
die and are eliminated without any 
clinical sign of abortion; among the 
monosomic zygotes only those with 
X monosomy are viable. (Never­
theless, only 2% of these survive the 
intrauterine period; these are born 
with Ullrich-Turner syndrome.) In 
samples from spontaneous abor­
tions trisomy for any of the chromo­
somes, except chromosome 1 and 5, 
may be found; trisomy 16 occurs 

most frequently. Trisomy 16 leads to 
abortion in every case, but a small 
number of some of the other triso­
mies escape intrauterine selection 
and may be born alive (1-2% of tri­
somy 13, 5-10% of trisomy 18 and 
15-25% of trisomy 21).

Live-born children can be classi­
fied into three groups, depending on 
whether they are phenotypically af­
fected, and if so, how severely. It is a 
general rule that autosomal aberra­
tions produce more severe problems 
than aberrations and reduplications 
of the sex chromosomes.

Balanced chromosome rearrange­
ments (these occur the most fre­
quently) cause no clinical 
symptoms, and virtually all are 
compatible with a healthy life (the 
risk is to the children!).

On the other hand, autosomal 
trisomies and unbalanced rearrange­
ments may lead to severe multiple 
malformation syndromes and severe 
mental retardation. Life expectancy 
is reduced; there is even a high mor­
tality in the neonatal .period.

Mortality for sex chromosome 
aneuploidies is not high. There may 
be problems with sexual differentia­
tion. Other aspects of physical and 
mental development are scarcely 
affected, if at all. However, some 
prenatally diagnosed sex chromo­
some aneuploidies may sometimes 
be terminated, at the request of the 
couple concerned.

Among the chromosome disor­
ders, trisomies of chromosomes 21, 
18 and 13, duplication-deletion 
syndromes and the sex chromosome 
disorders, are clinically the most 
important.

227



11
Trisomy 21

The abnormality characteristic of 
Down syndrome, is of outstanding 
importance, being the commonest 
of all the chromosome disorders re­
sulting in mental retardation (it ac­
counts for 25-30% of the severely 
subnormal population surviving be­
yond the age of 5 years), and be­
cause its birth prevalence, 1/700 at 
present, can be reduced by inter­
vention. The frequency of trisomy 
21 is much higher at conception, but 
some 85% of affected embryos/fe­
tuses die in utero, as spontaneous 
abortions or late fetal losses (still­
births).

Characteristics include brachy­
cephaly, a flat profile, upward-slan­
ting (mongoloid) palpebral fissures, 
Brushfield spots (in the iris), epi­
canthus, small nose, apparently low- 
set small ears and large tongue. 
There are excess skin folds, espe­
cially at the nape of the neck. The 
hands are small but broad; there is 
usually a complete transverse pal­
mar crease (uni- or bilateral), and 
abnormal flexion creases on the bent 
little fingers (clinodactyly). The fin­
ger dermal ridges, on hands and feet, 
also show characteristic deviations 
from normal. About 40% have 
congenital heart defects (ASD, 
VSD), and duodenal atresia, 
Hirschsprung disease, hypothyroi­
dism, and congenital leukaemia are 
each present in 1% or more of new­
born infants. Many signs of Down 
syndrome can be seen in affected 
fetuses terminated in mid-trimester.

Growth retardation is characte­
ristic of Down syndrome. The ave­
rage weight of the newborn infant 
and placenta is less than that of nor­
mal infants (weight is 0.5 kg less), 
and height does not reach 150 cm in 
many adults.

Life expectancy depends on the 
associated problems (cardiac and 
duodenal defects, and bone marrow 
disease). Some decades ago, 50% of 
affected children died before their 
first birthday; now, due to impro­
ving social conditions and better 

medical care, more reach adulthood 
(about 50% of all live-born survive 
into the third decade of life).

Prenatal diagnosis. Despite the 
most devoted parental or institutio­
nal care, children with Down 
syndrome impose a considerable 
emotional, practical and financial 
burden on their families and on the 
community/social services and 
public health. For a number of rea­
sons couples are unwilling or un­
happy to bear children with Down 
syndrome, and request pregnancy 
diagnosis and termination.

Prenatal diagnosis involves chro­
mosome analysis of fetal cells from 
amniotic fluid or chorionic villus 
samples. Amniocentesis/CVS may 
be offered to all mothers whose age­
specific risk exceeds a pre-set level: 
this will be determined by the local 
availability of obstetric and cytoge­
netic services and also by public 
awareness and demand.

Recently, a number of studies 
have shown the maternal serum 
AFP (MSAFP) to be reduced in 
Down syndrome pregnancies 
(means of 0.7-0.8 MoM). The indi­
vidual pregnancy risk for Down 
syndrome can be calculated from 
maternal age and MSAFP. Pros­
pective studies suggest this is an ef­
fective way of screening for Down 
syndrome (and for trisomy 18 also). 
Fewer amniocenteses need be done 
in older mothers (those with 
MSAFP of 1.0-2.0 MoM will be at 
lower risk for Down syndrome); 
amniocentesis can be offered to 
some younger mothers, particularly 
in age groups 28-34 years (those 
with low MSAFP). With much more 
selective amniocentesis a greater 
proportion of prenatal chromosome 
analyses will yield an abnormality 
(combining AFP and maternal age 
screening). Use of two or three ma­
ternal serum tests (AFP, oestriol, 
gonadotropin) gives an even higher 
detection rate (relatively more tri­
somic pregnancies for fewer amnio­
centeses).

The ultrasound method (measu­
ring the thickness of skin at the back 

of the neck) offers possibilities, but 
further data are needed before such 
screening should be adopted.

One should remember that risks 
for all the common autosomal triso- 
mies are maternal age-related, and 
they too will be detected in Down 
syndrome screening programmes. It 
is not yet clear whether the intro­
duction of chorionic villus sampling 
(CVS) has made it easier to under­
take large-scale screening prog­
rammes, although, for the mother 
herself, it has obvious advantages.

Trisomy 18

Ninety-five per cent of trisomy 18 
embryos will die in utero, mostly in 
the first trimester; the remainder will 
be born alive, with a characteristic 
multiple malformation syndrome 
(Edwards syndrome). Most of the 
live-born infants are female. Preva­
lence at birth: 1/3000.

Severe growth retardation is cha­
racteristic; birth weight seldom ex­
ceeds 2000 g at term. Many infants 
are delivered prematurely, by cae­
sarean section, on account of growth 
retardation and poor indexes of fetal 
wellbeing and placental function. 
About 10-15% have omphalocele 
and/or neural tube defects, and may 
be picked up on fetal malformation 
screening. Most others could be 
identified by screening for aneuploi- 
dies (they are often born to older 
mothers, and there is low MSAFP).

Other malformations frequently 
include congenital heart and renal 
defects; the characteristic profile, 
crossed fingers and abnormal hallux 
can be seen on mid-trimester ultra­
sound. The occiput is prominent, the 
forehead rounded, the nose small, 
the chin receding, and ears low-set. 
Dermatoglyphic analysis shows 
most fingers and toes to carry a 
simple arch pattern. At least 30%, 
probably more, die within a month 
of birth; only 1-2% survive to the 
first birthday (these are virtually all 
female); developmental retardation 
is extreme.
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The trisomy almost always arises 

de novo, presumably following a 
meiotic error in a parent (parents 
have normal chromosomes). Very 
rarely the trisomy derives from a 
parental translocation (3:1 segre­
gation). Although a few children 
with long survival have been shown 
to be mosaics (with a normal cell­
line also), mosaicism for trisomy 18 
usually produces a different clinical 
picture, with a variable degree of 
growth and mental retardation and 
with a very asymmetric pattern of 
malformations.

Trisomy 13

Ninety-nine per cent of embryos 
with trisomy 13 will die in utero; 1% 
are born alive, with characteristic 
multiple malformation syndrome 
(Patau syndrome). Prevalence at 
birth: 1/5000.

Most characteristic is the holo­
prosencephaly sequence (hypote- 
lorism, micro/anophthalmos, se­
vere clefts of lip and palate-bilateral 
more often than midline, with ultra­
sound evidence of a malformed fo­
rebrain): the holoprosencephaly can 
be detected on mid-trimester ultra­
sound. Other striking and com­
monly-found abnormalities include 
a scalp defect (usually over the ver­
tex, and sometimes very large, ex­
posing the brain), and postaxial 
polydactyly of hands or feet. Facial 
characteristics include a large 
straight nose with a hooked tip, ap­
parently low-set ears, and the cra­
nium is high and rounded. Long 

narrow finger-nails and abnormal 
dermatoglyphics are present, to­
gether with heart and kidney de­
fects. A Meckel diverticulum and 
uterus bicornis are common.

The disease is very severe; 50% of 
live-born infants die within a week, 
and virtually all within six months.

In 75% of cases the extra chro­
mosome 13 results from a parental 
meiotic error: the parents have nor­
mal chromosomes and there is a low 
risk of recurrence.

In 20% of cases a parent is a ba­
lanced 13/14 translocation carrier; 
in such cases the recurrence risk for 
trisomy 13 may not be very great, 
but prenatal chromosome analysis in 
subsequent pregnancies is probably 
advisable. Five per cent of cases are 
mosaic, with a low risk of recurrence 
(< 1%); mosaics may survive longer.

Trisomy 13 pregnancy in primi- 
parous women may be associated 
with severe pre-eclampsia.

Duplication and Deficiency 
(Deletion) Syndromes

Partial trisomies (duplications) and 
partial monosomies (deficiencies, 
deletions) are associated with struc­
tural changes of the chromosomes. 
They usually result in multiple con­
genital anomaly syndromes with 
mental retardation. Some are much 
more severe than others: many re­
sult in death in utero or in the new­
born period, but a few are compa­
tible with life and even normal 
schooling and employment. Birth 
prevalence is about 1/2000.

Partial monosomies and trisomies 
may arise as new (chromosomal) 
mutations, or may derive, by unba­
lanced segregation, or recombina­
tion, from a balanced rearrange­
ment in a parent. Parental chromo­
somes must always be checked care­
fully before advising on recurrence 
risk and management of further 
pregnancies.

When parents are chromosomally 
normal, risks of recurrence are low, 
although one cannot exclude the 
possibility of germ-line mosaicism 
with a clone of abnormal cells in a 
parental gonad.

Should a parent carry a chromo­
some rearrangement (translocation, 
inversion, insertion, etc.), the risk of 
a further chromosomally unbalan­
ced child is usually appreciable; 
prenatal chromosome analysis can 
be done in subsequent pregnancies.

Once a rearrangement has been 
found in a parent, close relatives 
should be examined, as they also 
may be carriers.

A number of unusual syndromes, 
usually of sporadic occurrence, 
have been recognized recently as 
associated with very small intersti­
tial deletions, just at the limit of re­
solution using the light microscope 
(2000-5000 kb). There is a spect­
rum of deletions ranging from the 
microscopically visible to those 
detectable only by DNA techno­
logy. Deletions involving more 
than 30,000 kb are likely to be le­
thal in utero, but deletions involv­
ing only part of a single gene, which 
may be as small as only few kb, can 
be almost as damaging.
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Figures 11 -2a and b. Down’s syndrome: termination 
at 20 weeks, mother a known carrier of a Robertsonian 
14q21q translocation.

Figures 11-la and b. Trisomy 21: nuchal oedema, abnormal 
ear, characteristic facial profile - flattening of the upper face.
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Figure 11-3. Trisomy 21, induced abortion 
at 20 weeks; previous trisomy.

Figures ll-4a and b. Termination of pregnancy followed finding of de novo balanced 
reciprocal translocation with breakpoints at lp22 and 5q35. (Amniocentesis had been 
done for raised maternal serum AFP.) There were no striking internal or external 
anatomical defects.

Figures 11-5a and b. Cystic hygroma, lateral (a) and frontal 
(b) view: this fetus had a de novo chromosome 
deletion - del(7)(p!3pl5) - found at amniocentesis 
for maternal age.
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Figures ll-6a and b. “Cri-du-chat” found at amniocentesis 
for high serum alfafetoprotein: de novo rearrangement 
of chromosomes 5 and 22.

Figure 11-7. X-monosomy with typical cystic hygroma 
(nuchal bleb).

b
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Figure 11-8. Trisomy 18, liveborn, face. High rounded 
forehead, small nose, small mouth, micrognathia. Low frontal 
and temporal hairline.

Figure 11-9. Trisomy 18, liveborn, profile. Prominent occiput, 
micrognathia, ear low-set and dysplastic, with preauricular 
skin tag.

Figure 11-10. Trisomy 18, liveborn, hand. Long fingers, 
thumb and index flexed across middle finger; small deep-set 
nails on index, middle and little fingers. Ulnar deviation at wrist.

Figure 11-11. Trisomy 18, liveborn, foot. Short stubby hallux 
in hammer-toe position.
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Figure 11-12. Trisomy 18, phenotype of the infant: low-set 
ear, cleft lip and palate, shortened right arm and fingers are 
also present.

Figure 11-13. Trisomy 18, median cleft lip and palate, broad 
nasal tip, malformed ears and high rounded forehead.

Figure 11-14. Trisomy 18, lateral view: 
characteristic facial profile and prominent 
occiput, left wrist deformity and prominent 
heels.

Figure 11-15. Trisomy 18, postaxial 
polydactyly (postminimi, no bony tissue).
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Figure 11-16. Trisomy 18, X-ray, chest. 
Thirteen ribs; ribs very slender.

Figure 11-17. Trisomy 18, X-ray, lateral skull. Long AP 
diameter with prominent occiput and relatively small face.
Very marked hypodontia.

Figure 11-18. Trisomy 18, X-ray, hand. Extremely short first 
metacarpal; short middle phalanx in little finger.

Figure 11-19. Trisomy 18: characteristic 
position of wrist and fingers.
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Figure 11-20. Trisomy 18: lateral view 

of a fetus.

Figure 11-21. Trisomy 18 (microcephaly with distal limb 
defects): termination at the 18th gestational week.

Figure 11-22. Trisomy 9: high rounded cranial vault, severe
micrognathia and deformed ear.
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Figure 11-23. Trisomy 13: pregnancy terminated at 22 weeks. 
Bilateral cleft lip and palate.

Figure 11-24. Trisomy 13: profile showing short, thick neck, 
high cranial vault, deep-set eyes, cleft lip (and palate) with 
prominent premaxilla, moderate micrognathia.

Figure 11-25. Trisomy 13, neonate: microphthalmia 
and characteristic large nose, holoprosencephaly and death 
at one week.
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Chapter 12

Perinatal Brain Damage

Perinatal injury may result from 
obstetric complications about the 
time of birth, or from difficulties or 
inadequacies of neonatal care. It re­
mains a cause of long-term neurolo­
gical damage and mental retarda­
tion. Perinatal mortality is accepted 
as a critical index of the quality of 
work within an obstetric depart­
ment. Current interests and me­
thods of assessment ignore much 
perinatal morbidity; damage/injury 
at delivery and in the newborn pe­
riod may not always manifest as a 
serious problem till years later, when 
there may be irreversible mental and 
neurological damage. Serious me­
chanical injury at birth (e.g., tear of 
the tentorium cerebelli), rarely oc­
curs nowadays. Most damage de­
rives from fetal hypoxia. Animal 
experiments have shown that the 
degree of hypoxia necessary to pro­
voke prolonged neurological dam­
age is slightly less than that suffi­
cient to cause death. A newborn in­
fant that has survived a hypoxic epi­
sode may prove later to be neurolo- 
gically damaged.

Hypoxia accounts for 4-5 neona­
tal deaths per 1000 live births as well 
as 3-4 cases of severe mental handi­
cap and 1-2 cases of severe neurolo­
gical damage. About 6% of cerebral 
palsy cases can be attributed to neo­
natal or birth asphyxia. The most 
important causes of fetal hypoxia 
are discussed below. [One should 
note that it is not always easy to dis­
tinguish extrinsic causes of perina­
tal damage from intrinsic ones. A 
baby with a chromosome disorder 
may be difficult to resuscitate at 
birth, and prone to hypoxia; such 
babies often grow slowly in utero, 

and aneuploidy may predispose to 
maternal hypertension (toxaemia), 
but not all such “damaged babies” 
will be immediately recognizable as 
chromosomally abnormal!]

Perinatal Cerebral 
Haemorrhage

Intracranial haemorrhage is a 
complication of traumatic delivery 
or premature birth. With few ex­
ceptions it occurs in the first 24 h 
following delivery. It is a major 
cause of death of premature infants, 
and an important factor in the pa­
thogenesis of central nervous system 
damage. Fifty years ago, half of all 
intracranial bleedings were subdural 
and a fifth were intraventricular. 
With improving obstetric care sub­
dural bleedings are now rare and 
most haemorrhages are intraventri­
cular. The different types of haem­
orrhage can be distinguished on ul­
trasound or computed tomography 
(CT).

Cephalhaematoma. Cephalhae- 
matoma, or subperiosteal haemor­
rhage of the cranial bones, involves 
the outer surface of the calvaria, and 
is not an intracranial haemorrhage. 
It may follow a difficult delivery, and 
is easy to recognize. It respects the 
sutures and does not extend across 
the border between bones. Occa­
sionally it is confused with encepha- 
locele. It heals spontaneously, and 
late neurological complications are 
unusual.

Subdural haematoma. This very 
rare type of haemorrhage develops 
after birth trauma or as a complica­
tion of a haemorrhagic diathesis 

(haemophilia). The dura, the tento­
rium and/or the falx may be rup­
tured and the superficial bridging 
veins injured. It is difficult to diag­
nose by ultrasound. Neonatal sub­
dural haematoma may be fatal.

Subarachnoid haemorrhage. The 
haemorrhage derives from small 
vessels of the subarachnoid space or, 
secondarily, from the ventricular 
system. In primary cases, lumbar 
puncture yields bloody cerebrospi­
nal fluid. Disregarding those rare 
haemorrhages that cause cerebral 
compression, subarachnoid haem­
orrhage is generally asymptomatic.

Parenchymal haemorrhages. 
Most of these are extensions of peri­
ventricular haemorrhage. In situ 
intraparenchymatous haemorrhage 
is rare: it may be caused by haem­
orrhagic diathesis, angioma, trau­
ma or infection.

Haemorrhage of the choroid ple­
xus. This can be diagnosed with ul­
trasound: the plexus looks large and 
asymmetric, and the .ipsilateral oc­
cipital horn is dilated.

Periventricular haemorrhage. 
This is now the most common form 
of cerebral haemorrhage. The sub­
ependymal type originates in the 
capillary-rich germinal matrix and 
localizes to the head of the caudate 
nucleus. Since the subependymal 
layer is the most developed between 
24 and 34 weeks gestation, most 
such haemorrhages occur in that 
period. After 34 weeks the germinal 
matrix involutes, and has practically 
disappeared in the term infant who 
rarely suffers this type of haemor­
rhage. Bleeding may extend into the 
cavities of the lateral ventricles (int­
raventricular haemorrhage), and in 
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20% of cases it extends into the ce­
rebral parenchyma (parenchymal 
haemorrhage). Haemorrhages are 
recognized during the first postnatal 
week, and regress by two to three 
weeks. The extent of bleeding can be 
monitored by sonography.

The course and prognosis cannot 
be predicted. The ultrasound changes 
may completely regress, or sequelae, 
ventricular dilatation or porence­
phaly, persist. Posthaemorrhagic 
ventricular dilatation is usually 
asymmetric. It may be transient, 
persistent or progressive. Progres­
sive dilatation leads to hydrocepha­
lus. Permanent cystic change in the 
paraventricular tissues is termed 
porencephaly.

Ischaemic cerebral changes. The 
outcome of hypoxic (ischaemic) da­
mage relates to the degree of pre­

maturity and the nature of the insult. 
Beyond 32-34 weeks gestation, the 
pattern of cerebral blood supply al­
ters. The germinal matrix regresses 
and cortex and white matter predo­
minate. Cerebral damage in prema­
ture infants develops in the peri­
ventricular tissues at the boundary 
of the areas supplied with blood by 
the central (centrifugal) and cortical 
(centripetal) vessels (periventricular 
leukomalacia). In mature neonates 
the damage develops between areas 
supplied by the large arteries and 
those supplied by vessels in the 
depths of the sulci (subcortical leu­
komalacia). In survivors, hypoxic 
encephalomalacia leads to cystic 
degeneration, atrophy or calcifica­
tion.

Cerebral haemorrhage and leu­
komalacia is usually fatal for the 

newborn. The survivors develop se­
vere neurological problems, the 
distressing signs of Little disease.

It should be noted that cerebral 
haemorrhage may also occur in 
utero, resulting from rupture of a 
congenital aneurysm, arteriovenous 
malformation, isoimmune throm­
bocytopenia, or germinal matrix 
haemorrhage penetrating a ven­
tricle.

Meningoencephalitis and ventri­
culitis. The diverse inflammatory 
lesions can be demonstrated suc­
cessfully by ultrasound as abnormal 
parenchymal echogenicity, consis­
tent with calcific deposits, cystic de­
velopment of the brain and as 
changes in ventricular size, ventric­
ular wall regularity and echogeni­
city of cerebrospinal fluid, and 
ventricular septation.
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Figure 12-1. Subdural haemorrhage. Coronal scan in a mature 
newborn infant. An echo-free band lies in the frontal region 
between the flattened gyrus and the bone (arrowed).

Figure 12-2. Cerebral oedema with subarachnoid haemorrhage 
(arrow) after severe hypoxic-ischaemic insult in a term infant.
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Figure 12-3. Subependymal haemorrhage below the frontal 
horn (left side).

Figure 12-4. Massive intraventricular haemorrhage. Dense 
echoes are seen in the right frontal and temporal horns 
on the coronal view (arrows).

Figure 12-5. Intraventricular haemorrhage extending into 
the parenchyma on the parasagittal section.

Figure 12-6. Hydrocephalus following intraventricular 
haemorrhage. Thrombus (arrow) lying within the frontal horn 
of the left lateral ventricle.
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Figure 12-7. Periventricular leukomalacia two days after 
hypoxic-ischaemic insult in a premature newborn infant; 
parasagittal scan showing distinct periventricular echoes 
around the frontal pole of the lateral ventricle.

Figure 12-8. Symmetric increased echogenicity 
in the periventricular region without any evidence 
of haemorrhage on the posterior coronal view.

Figure 12-9. Periventricular cystic leukomalacia four weeks 
after hypoxic-ischaemic insult : echo-free areas (arrows) along 
the body of the lateral ventricle (parasagittal view).

Figure 12-10. Extended periventricular cysts developed along 
the entire contour of the lateral ventricle in parasagittal section 
(periventricular cystic leukomalacia).
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Figure 12-11. Periventricular cystic leukomalacia in the posterior 
coronal view. (The symmetric echogenic structures in the ventricles 
represent the choroid plexus.)

Figure 12-12. Diffuse increased echodensities obscuring normal 
cerebral structures. (Cerebral oedema after hypoxic-ischaemic insult 
in a term newborn infant.)
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Figure 12-13. Coronal ultrasound scan from a term newborn infant 
showing marked subcortical cystic cavities (subcortical leukomalacia).

Figures 12-14a and b. Postmortem specimen showing extensive subcortical cysts.
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Figure 12-15. Stages of ventriculitis in a term newborn infant: echogenic ependyma and cerebrospinal fluid space (a); cerebrospinal fluid
echogenicity decreased, debris within the ventricles (b); echo-free lateral ventricles with narrow stands between the opposite walls (c);
multicystic brain (d).
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Figure 12-16. Meningoencephalitis due to bacterial infection 

in a term newborn infant: echogenic ependyma lining the lateral 
ventricles; the normally echo-free cerebral spinal fluid is 

now moderately echogenic; increased echogenicity 
in the parenchyma around the ventricles (coronal section).

Figure 12-17. Widened subarachnoid space and interhemispheric 
fissure due to cerebral loss after herpes meningoencephalitis 

(atrophia cerebri).
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