
J Clin Pathol 1986;39:1049-1065

Review article

Examination of products of conception terminated
after prenatal investigation
S KNOWLES

From the Department of Histopathology, John Radeliffe Hospital, Headington, Oxford

SUMMARY A large number of district general hospitals have access to diagnostic ultrasonography
and other methods of prenatal diagnosis, resulting in an increased supply of freshly terminated
malformed fetuses to general histopathology departments, and there is now more open discussion
of malformation and greater concern over fetal wastage. General pathologists are therefore under
greater pressure to produce complete and detailed descriptions of a wide range of often complex
anomalies. The dismissal of specimens as "multiple congenital anomalies" is becoming increasingly
unacceptable to couples who wish to embark on further pregnancies and to their medical atten-
dants. As in other fields an understanding of the methods and terminology in clinical use and a
consistent diagnostic approach should help pathologists to extract sufficient information for accu-
rate counselling.

The use of amniocentesis for prenatal diagnosis has
supplied general histopathologists with a steady but
small number of malformed fetuses. These have
mostly been the result of late termination of preg-
nancy for a relatively small range of abnormalities-
neural tube defects and chromosome anomalies, in
particular. The widespread application of ultrasound
examination during pregnancy has led to a new type
of specimen for histopathologists. This is the smaller
freshly terminated fetus with anatomical defects.
Increasing use of chorionic villus biopsy and fet-
oscopy is going to add to the number of abnormal
fetuses coming into the general pathology laboratory.
Paralleling the new emphasis on early detection of
abnormality, public opinion on and doctors' attitudes
to abortion and malformation have changed consid-
erably.' - Deferral of childbearing until later in life
and the anticipation of a small planned family mean
that the emotional impact of an abnormal pregnancy
is now far greater than it used to be. When a planned
pregnancy is interrupted for any reason, the parents
will expect competent and detailed counselling.

Because of changing social and clinical attitudes, a
greater responsibility is placed on the pathologist who
examines the terminated specimen: he must decide
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how the material is to be handled to maximise the
amount of information that will be available to the
clinical geneticists; he must catalogue all the anoma-
lies found and not simply confirm the original
findings; he must have a good working knowledge of
the mechanisms of deformation and malformation
and must be aware of the principles of screening and
the complications of prenatal diagnosis. Perhaps
most importantly, he should be in close contact with
the clinical teams responsible for the management of
an abnormal pregnancy and the counselling of the
parents.

This review outlines the background to prenatal
diagnosis and examines the types of fetus likely to be
seen in a busy general histopathology department.
Because chorionic villus sampling and fetoscopy are
at present only undertaken in a few centres, these
topics will not be considered in depth. The review will
focus on the sort of defects detected by amniocentesis
and ultrasound investigations, which are available in
most obstetric units.

Fetal pathology is an enjoyable, interesting, and
rewarding field that is well within the competence of
the general pathologist. A detailed knowledge of clin-
ical genetics or embryology is not required, and the
clinical impact of accurate and complete pathological
diagnosis equals that of any other element of diag-
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nostic pathology. Indeed, it seems that handling such
material without the rigour expected in surgical his-
tology will soon be seen as negligent rather than care-
less.4 To confirm the presence of a neural tube defect
without searching carefully for associated anomalies
is equivalent to confirming that a breast mass is
malignant without looking for evidence of lymphatic
metastasis.

Principles of screening

The delivery of a terminated fetus to the pathologist is
the result of a chain of events loosely described as
screening. Although the pathologist plays no part in
the execution of a screen, he is responsible for one
element of quality control in the procedure. It is
important, therefore, to have some understanding of
the principles of screening and to realise that
screening can fail and can harm.
The term "screening" refers to the identification of

subjects in an apparently normal population who are
at sufficient risk from a condition to warrant a diag-
nostic test or direct preventative action. Although it is
common to associate a particular test with a screening
programme, it should be realised that screening may
refer to something as simple as an enquiry into
maternal age or family history. Only if this initial
screen is positive is it followed by amniocentesis or
fetoscopy, which are diagnostic rather than screening
tests, because intervention is determined by their
results.5

Knowles

The requirements for a worthwhile screening pro-
gramme have been discussed by Cochrane and Hol-
land.6 In the United Kingdom prenatal screening sets
out to detect open neural tube defects in the general
population- and aneuploidy in advanced maternal age.
Routine antenatal ultrasound examinations are per-
formed primarily as a method of validating ges-
tational age and detecting growth retardation. Many
gross fetal anomalies, however, are detected by
chance during such routine ultrasonography. It
should be emphasised that a thorough scan may take
up to 45 minutes, even in the hands of a highly experi-
enced medical ultrasonographer. The rapid routine
scan, which may detect a major malformation such as
exomphalos, should not be expected to pick up
lesions that can be detected by a more rigorous
approach.

Methods of antenatal diagnosis

The impact of advances in prenatal diagnosis have
been reviewed by several authors,7 8 and some points
relevant to pathologists are discussed below. Table 1
lists the methods used, together with some of their
indications.

a-FETOPROTEIN AND ACETYLCHOLINESTERASE
Maternal serum cx-fetoprotein (MSAFP) is routinely
measured at 16-18 weeks' gestation in many regions.
When the concentration is two and a half multiples of
the normal median or higher,9 ultrasonography is

Table 1 Prenatal diagnosis: Techniques and indications

Cytogenetics
Enzyme studies
DNA probes
Cytogenetics
a Fetoprotein and cholinesterase
Enzyme studies
DNA probes
External anomalies: Facial defects

Digital defects
Genital defects

Fetal blood sample: Clotting disorders
Haemoglobinopathies
Enzyme studies
Blood grouping
Rapid karyotyping
Viral studies

Fetal skin biopsy: Epidermolyses
Ichthyoses
Phlers-Danlos syndrome

Fetal liver biopsy: Urea cycle anomalies
Phenylketonuria
Central nervous system defects
Body wall defects
Limb shortening
Hydrops fetalis
Major urinary anomaly
Disorders of twinning
Cardiac anomalies
Digital anomalies
Urinogenital anomalies

Villus biopsy

Amniocentesis

Fetoscopy

Ultrasonography Gross defects:

Fine detail:
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Examination ofproducts of conception terminated after prenatal investigation
Table 2 Causes ofraised amniotic AFP concentrations

Multiple pregnancy
Intrauterine death

Neural tube defect: Spina bifida
Anencephaly

Other central nervous system defects: Hydrocephalus
Trisomy 13 with skull defect

Other serum leaks: Teratoma
Body wall defects

Upper gastrointestinal atresias: Cystic hygroma
Renal disease
Polycystic kidneys
Congenital nephrosis
Renal agenesis
Urinary obstruction

performed to confirm gestational age, exclude mul-
tiple pregnancy and intrauterine death, and to look
for neural tube or body wall defects. If there is uncer-
tainty about the presence of a neural tube defect
amniocentesis for amniotic fluid concentrations of a
fetoprotein (AFP) is undertaken. The sensitivity of
the test is enhanced by gel electrophoresis for choli-
nesterase, which may also differentiate between
neural tube and body wall defects.'0
The commonest cause of raised AFP is an open

neural tube defect. There are other important causes

(table 2). Clearly, the first aim of the pathologist is to
find a cause for the raised AFP concentration. In
some cases there may be more than one cause-for
example, omphalocoele with spina bifida. At least
three of the listed causes may be associated with chro-
mosomal anomaly, and cytogenetic study should be
considered in all but cases of simple neural tube
defect. Furthermore, all of these anomalies may be
features of one of many syndromes carrying serious
prognostic implications for future pregnancy. These
multiple anomaly syndromes will be missed unless the
accompanying defects are well documented.

There is one entity that causes a raised AFP and
which is sufficiently common for most laboratories to
find: it is of considerable importance to the parents
because the recurrence rate is low when compared
with that of an isolated neural tube defect-early
amnion rupture sequence or amniotic band syn-
drome. The characteristic features are a bizarre com-
bination of neural tube defect, body wall defects, limb
reduction, and facial clefting (figs 1 and 2).
These lesions are asymmetrical and do not conform

to an interruption in normal embryogenesis-. Internal
anomalies are dictated by external malformation.
Thus an intact thoracic cage will contain normal tho-
racic viscera. The precise anomalies seem to depend
on the time at which amnion rupture occurred." The
amniotic bands themselves may be visible on ultra-
sound examination,'2 but fetal anomaly such as

ectopia cordis'3 is the general reason for termination
of pregnancy.

AMNIOCENTESIS
Aspiration of amniotic fluid is generally carried out
between 15 and 20 weeks after the last menstrual
period, with or without the assistance of ultra-
sonography to localise the placental disc. The indi-
cations for amniocentesis are high maternal age;
raised MSAFP; previous chromosomal anomaly or a

history of X linked disease; enzyme defect; or a dis-
order such as a haemoglobinopathy for which a gene
probe is available. Maternal complications are rare.

Fetal complications include death, trauma, and
oligohydramnios sequence due to persistent leakage
of amniotic fluid. The risk of losing the pregnancy lies
in the region of 0-5-l-5%.14'5

CHORIONIC VILLUS SAMPLING

Chorionic villus sampling is ideally performed at

Fig 1 Early amnion rupture sequence in 18 week gestation
with anencephaly and bizarrefacial clefting. Right eye lies in
upper margin ofright sided cleft. Right arm was reduced to
nubbin of tissue containing remnants of clavicle.
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Fig 2 Early amnion rupture sequence with abdominal wall
defect and ectopia cordis through separate thoracic wall
defect. Mother showed evidence ofmitral valve prolapse.

eight to 10 weeks' gestational age and entails the
introduction, generally under ultrasonographic guid-
ance, of a fine cannula through the cervical os. The
catheter is guided towards the chorion frondosum or
laeve, and villi are aspirated for chromosomal,
enzymatic, or DNA analysis.16 -18 The incidence of
"spontaneous" abortion following this procedure is
estimated to be at 4-12%,'1 20 but these figures will
include a proportion of fetuses that would have inevi-
tably aborted, even in the absence of the
investigation. A formal Medical Research Council
trial is at present under way to assess the safety of the
procedure, but the current impression is that it will be
about as safe as amniocentesis.

Chorionic villus sampling leads to early diagnosis
at a time when termination of pregnancy is both safer
and more acceptable to the parents. Suction termi-
nation, however, leaves the pathologist with a grossly
disrupted specimen to examine. Even then, careful

Knowles

selection of fetal parts from the debris may help
confirm the initial diagnosis, either by repeating the
cytogenetic studies or through the identification of
morphogenetic markers such as polydactyly in a frag-
ment of limb.

FETOSCOPY
Diagnostic endoscopic examination of the fetus is
performed in the second part of the middle trimester
and carries a similar risk to amniocentesis. Although
worldwide experience is considerable, few centres per-
form fetoscopy in the United Kingdom. The feto-
scope may be used to search for external dysmorphic
features, such as facial or digital defects, using these
minor anomalies as markers of lethal or incapac-
itating syndromes. The introduction of high resolu-
tion ultrasound technique has reduced this role for
fetoscopy. Where the fetoscope remains of consider-
able value is as a vehicle for fetal blood sampling, or
skin or organ biopsy.2' Fetoscopy and fetal biopsy
are clearly only indicated when there is a well docu-
mented history of genodermatosis22 or hepatic
enzyme disorder such as ornithine carbamyl trans-
ferase deficiency.23

ULTRASONOGRAPHY
The quality of the newer ultrasonographic equipment
and its availability in many obstetric departments
have transformed antenatal care. A working party of
the Royal College of Obstetricians and Gynae-
cologists24 concluded that the technique was superior
to any other for the estimation of gestational age, the
diagnosis of multiple pregnancy, and the detection of
placenta previa at 16-18 weeks. Combined with an
estimate of MSAFP, it was felt that ultrasonography
also represented a cost effective and accurate method
of screening for congenital defect. Several excellent
reviews of the technique have been published
recently.25 27 In addition to detecting gross defects
such as exomphalos and hydrops, the method may be
used for fetal sexing as early as 15 weeks' gestation28
and for indicating all but the most minor cardiac
defects29 in the face of an "at risk" pregnancy.

Pathological examination

The pathological examination of the fetus and
embryo has been detailed previously.30 32 Some
comments on ancillary investigation will therefore be
followed by outlines of the types of anomaly com-
monly seen and the ways in which the pathologist can
approach each of these diagnostic groups.

SPECIMEN RECEPTION
Most specimens are received in the laboratory after
fixation in formalin. This naturally precludes cyto-

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.39.10.1049 on 1 O

ctober 1986. D
ow

nloaded from
 

http://jcp.bmj.com/


Examination ofproducts of conception terminated after prenatal investigation
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Fig 3 Radiograph of23 week gestation with a chromosome
13q deletion. Several ofthoracic vertebral bodies show
abnormalities that would have been undetected by routine
dissection.

genetical, microbiological, and biochemical exam-
ination. Where possible, it is preferable to arrange for
all fetal and embryonic material to be sent directly
from the ward or theatre fresh and dry, not in saline.
When the specimen is delivered out of laboratory
hours it may be safely refrigerated until the following
morning. Even larger fetuses cool rapidly under
refrigerated conditions. Because of this rapid cooling,
preservation of histological details is unaffected and
ancillary tests remain reliable.

If the history suggests infection, metabolic, or chro-
mosomal abnormality samples should be taken early
in the examination. This not only prevents con-
tamination but also prevents irretrievable loss of
samples. It is impossible to go back to a fetus for a
blood sample after it has been eviscerated.

MEASUREMENTS
Although the value of the exercise has been ques-
tioned, routine weighing of the fetus and placenta is
recommended, and basic variables of growth such as
crown to heel length are worthwhile. These measure-
ments, however, are subject to considerable observer
bias and can be rendered even less reliable if the fetus
has been fixed in a flexed posture.30 Where there is

Fig 4 Radiograph of18 weekfetus with bladder dilatation
detected on ultrasound examination. Urograffin has been
injected via suprapubic puncture. Although reflux is not
present, both kidneys showed severe cystic dysplastic changes.

conflict between the estimate of gestational age from
such measurements, the single most reliable variable
is that of foot length,33 which is independent of
fixation and seems to be relatively unaffected, even by
such anomalies as anencephaly. When substantial
numbers of fetuses are passing through a department,
variables such as facial measurements may help to
establish a valid local normal range.

PHOTOGRAPHY AND RADIOLOGY
Unless a clinical geneticist or other experienced
dysmorphologist is available, routine and extensive
photography is a convenient method of recording fea-
tures that may be difficult to describe, such as the
minor hand and face anomalies. A photograph may
show details to a perceptive geneticist that would
otherwise not have been recorded by the
pathologist for example, hypoplastic nails. To pre-
vent delays in the cut up room all fetal material
should be photographed and radiographed as soon as
it has been received.

Routine radiology of all malformed fetuses is
strongly advised. When resources are poor, a single,
anteroposterior, whole body radiograph will gener-
ally suffice. The head should be hyperextended to
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Fig 5 Radiograph ofacardiac acephalic twin after injection
ofbarium gelatin mix into umbilical vessels. No cardiac
structure is present but vessels to wellformed lower limbs are
clearly shown.

show off the cervical spine to the best advantage.
Single small defects of the skeletal system such as
hemivertebrae (fig 3) are difficult to show by dis-
section. Abnormalities of the cervical spine are seen in
many cases of neural tube defect, and retarded
ossification of these bones is an important feature of
some of the skeletal dysplasias.34 This single radio-
graph may be supplemented by a lateral view and sep-
arate films of skull and limbs, when abnormalities are
present.

Contrast media may be used to show central ner-
vous system, urinogenital, and vascular anatomy. To
show hydrocephalus or urinary tract lesions
urograffin is advised (fig 4). For angiography, a mix-
ture of barium and gelatin will penetrate to capillary
level and allow tidy dissection to be made later (fig 5).
The mixture sets best if a small quantity of formol
saline is added immediately before use.

DISSECTION
The approach advocated by Berry30 is to take trans-
verse freehand slices through fetuses smaller than 10
cm crown to rump and to examine these slices with a
hand lens or dissecting microscope. In fact, a reason-

Fig 6 Dissection neck of 19 week fetus with spina bifida and
hydrocephalus. Arnold-Chiari malformation is present, with
medulla oblongata extending down into cervical vertebral
canal.

ably comprehensive necropsy can be performed on
most such specimens larger than 7 cm. Because the
specimen need not be reassembled, body wall inci-
sions may be more generous than usual. A modified
Rokitanski technique, with removal of all but the
urinogenital viscera en bloc, will prevent anomalous
pulmonary drainage being missed. The precise
method adopted in a given case will be dictated by the
abnormalities found.
The brain of previable fetuses is far softer than that

of an adult or even a term infant. Removal of the
unfixed central nervous system is likely to lead to con-
siderable damage. This is particularly so in cases of
nydrocephalus. Although fixation causes some hard-
ening of the tissues, the water content is so high that
the brain should still be handled with extreme care.
Fixation is best achieved in situ by making incisions
in the scalp and skull and then immersing the entire
fetus in formalin for one or two days. Because the
protein content is so low, fixation is far more rapid
than in the adult. After fixation the brain may be
delivered from the head into a bowl of formalin. Sus-
pension of the brain is not necessary if salt is added to
the formalin to make up a saturated solution to
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Examination ofproducts of conception terminated after prenatal investigation

increase buoyancy.
In the presence of hydrocephalus and spina bifida

an Arnold-Chiari malformation should be excluded
by removing the posterior portions of the upper cer-
vical vertebrae and occipital bone before the vault has
been opened. The precise position of the medulla with
respect to the upper cervical vertebrae may then be
determined (fig 6). Hydrocephalus and Arnold-Chiari
malformations may be shown by radiology following
the introduction of oily contrast medium into a lateral
ventricle.32

Defects of the palate and nasopharynx may be best
visualised in small specimens after the tongue has
been routinely brought down. Photography is
improved if the lower jaw is removed entirely. Alter-
natively, the chin may be incised through the sym-
physis mentis and the two halves of the mandible
retracted to either side to permit better illumination.
The respiratory system should be removed as part

of the modified Rokitansky method. As in the exam-
ination of the larger infant, the larynx and trachea
should be examined with the oesophagus attached, so
that a fistula is excluded. In any case in which pul-
monary hypoplasia is suspected-for example, in
diaphragmatic hernia or the oligohydramnios
sequence the lungs may be inflated with a standard
formalin solution. The trachea is ligated below the
cricoid cartilage and formalin is instilled with a
syringe and needle until the visceral pleura appears
slightly tense. If the lungs are to be disconnected from
the mediastinal block (which, preferably, should not
be done), the pulmonary arterial and venous con-
nections should be inspected first to exclude anomaly.

If the fetus has been fixed before the cardiovascular
system is investigated the presence of lumps of clotted
blood obscures the chambers and valves. The fixed
myocardium also tends to tear when the ventricles are
opened. For these reasons examination of this part of
the fetus should be performed in the unfixed state
wherever possible.

There is no particular modification of standard
methods for the examination of the gastroinestinal
and hepatobiliary systems. When there is rectal
atresia or evidence of genital ambiguity, the lower
colon and rectum should be removed en bloc with the
urinary tract to allow examination for cloacal anoma-
lies.

Examination of most of the urinary tract can be
undertaken with the system in situ. In cases of cystic
disease and hydroureter the lower urinary tract
should be carefully examined for the presence of
obstruction. Urethral lesions are often associated
with ambiguous or malformed external genitalia.
Genital ambiguity may be recognised in quite early
gestations if normal genital development is under-
stood.35

Table 3 Histological examination of terminated material

The following blocks should be taken routinely:
Thymus
Both lungs
Heart (section through both ventricles)
Both adrenals
Kidney
Liver
Spleen
Pancreas
Gonad
Costochondral junction
Muscle (quads or psoas)
Placental disc and membranes

HISTOLOGY
The examination of dysmorphic fetuses does not
depend on macroscopic technique alone. Except in
cases of isolated neural tube defect, comprehensive
sampling of tissue for histology is advisable (table 3).
In many cases the histological changes are subtle, and
assessment of these developmental defects requires a
good working knowledge of the normal appearance
of fetal tissues at various gestational ages. A reference
set of slides taken from normal fetuses provides a
useful yardstick against which to compare suspect
organs. This is particularly true for placenta, lung,
liver, kidney and gonad.

OTHER SAMPLES
Fetal leucocytes yield the best and fastest cytogenetic
results and may be taken from cord or heart blood.
Fetal skin, gonad, or placental membrane fibroblasts
may, however, be used. Unlike blood, these tissues
often produce satisfactory results up to 72 hours after
fetal death. When viral infection is suspected, samples
of fetal kidney, brain, and heart should be rapidly
delivered to the microbiology department in a sterile
universal container. If a metabolic disorder is sus-
pected the laboratory that made the original diag-
nosis should provide information on sampling and
specimen handling. Spleen, snap frozen in liquid
nitrogen, provides a good source for bulk DNA
studies.

STORAGE
A review of certain cases is often requested many
months after the specimen has been terminated-for
example, when a subsequent pregnancy seems to be
abnormal. Although a comprehensive description,
photography, and histological records will usually
suffice, it is preferable to have continuous access to
the specimen itself. After fixation the fetus may be
placed in a sealed polythene bag and stored in per-
petuity. This exercise does not take up much space
and permits retrospective study for research pur-
poses, or in cases of doubt.
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Table 4 Anomalies seen in trisomy 13 and 18

Central nervous system Holoprosencephaly; microcephaly; agenesis of corpus callosum; hydrocephalus; meningomyelocoele
Face Microphthalmos; hypoteliorism; hyperteliorism; cyclopia; nasal anomalies; facial clefting; ear anomalies
Trunk Hemivertebrae; fused vertebrae; fused or absent ribs; abdominal wall defects; diaphragmatic hernia or

eventration
Perineum Anal atresia; hypospadias; bifid scrotum; hypoplastic vulvae
Limbs Radial aplasia spectrum; clenched fist with or without overlapping fingers: nail hypoplasia or hyperconvexity
Visceral Tracheo-esophageal fistula; cardiac defects; situs inversus of lungs; malrotation; Meckel's diverticulum; agenesis

of gall bladder; heterotopia of spleen and pancreas; horseshoe or ectopic kidney; renal cysts; uterine defects

Principal categories of anomaly

CHROMOSOMAL ABNORMALITIES
The bulk of material seen at present results from
amniocentesis undertaken because of the risk of tri-
somy with increasing maternal age, although some
cases may have been initially identified because of a
low MSAFP.36 The gestational age of these speci-
mens generally lies between 18 and 22 weeks but may
be as late as 24 weeks.' 3 Despite the fact that these
are relatively large fetuses the detection of mor-
phological markers of aneuploidy can be extremely
difficult. A 21 week old fetus with trisomy may have
few of the usual stigmata associated with the condi-
tion in a term infant, although the facial features
show a rather characteristic coarseness. Single palmar
creases can be seen by 16 weeks' gestation, together
with longitudinal plantar creases with a wide space
between the great and second toes. Cardiac anoma-
lies, if present, are generally septal defects. Duodenal
atresia may be suggested by ultrasonography.

Trisomy 13 and 18, like Down's syndrome, are
both associated with increased maternal age. They
share many phenotypical features (table 4). Mid tri-
mester abortuses with these aneuploidies show a
higher incidence of major visceral anomaly than that
suggested by studies based on neonatal popu-
lations.38 Although the diagnosis should not be made
on morphological grounds alone, the features may
strongly point towards one or the other syndrome.
The hands in trisomy 18 adopt a characteristic posi-
tion with the middle and ring fingers overridden by
the index and little fingers. This may be seen in quite
early abortuses. Holoprosencephaly, with its associ-
ated facial defects, is characteristic of trisomy 13.
However certain the diagnosis seems to be, samples
should be taken for cytogenetics.

Continuing wastage during the course of preg-
nancy biases our perception of the "normal" appear-
ance of the chromosome abnormalities. Thus the
characteristic appearance of Turner syndrome
(46XO) in the second trimester is very different from
the short stature and webbed neck seen in infants and
children. In the fetus the hallmarks are hydrops,
cystic hygroma, and coarctation of the aorta. The
ovaries seem relatively well formed at this time and
show some primordial follicles on histology.
Although monosomy X has a characteristic fetal phe-

notype, it is not an exclusive one. We have seen a
hydropic fetus with the gross features of Turner syn-
drome that was shown cytogenetically to be a case of
trisomy 21.

Triploidy occurs in 2% of gestations, but only 3%
of these fetuses survive long enough for clinical recog-
nition; the remainder abort spontaneously. The pla-
centa is large and oedematous, with focal hydropic
degeneration. If a fetus is present severe skeletal
growth retardation often occurs with relative sparing
of the cranium. In mosaic cases (myxoploidy) there
may be considerable body asymmetry. Cerebral
defects in triploidy include holoprosencephaly and
hydrocephalus. The posterior frontanelle may be
larger than usual. Other features include hyper-
teliorism, microphthalmos, and skin syndactyly of the
middle and ring fingers (fig 7) and cardiac septal
defects.39

Because occasionally quality control in the diag-
nostic cytogenetic department varies, and because
occasionally there is a discrepancy between the geno-
type of the placenta and that of the terminated
fetus,18 all specimens terminated for a chromosomal
abnormality should be subjected to repeat cytogenetic
tests. If budgets prevent- this all mosaic and unusual

Fig 7 Hand of22 week triploidfJetus showing blunt stubby
fingers with syndactyly ofmiddle and ring fingers.
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Examination ofproducts of conception terminated after prenatal investigation
Table 5 Syndromes associated with central nervous system
defect

Anencephaly Early amnion rupture sequence
Encephalocoele Early amnion rupture sequence

Meckel-Gruber syndrome
Goldenhar syndrome
Roberts's syndrome
Maternal hyperthermia spectrum

Hydrocephalus Early amnion rupture sequence
Triploidy
Trisomy 13 and 18
Albers-Schonberg syndrome
Achondroplasia

Holoprosencephaly Trisomy 13
Deletion of 1 8q

Microcephaly Most of the above plus fetal alcohol
syndrome, fetal rubella syndrome,
fetal aminopterin syndrome and
chromosome deletion syndromes

chromosome defects and cases of trisomy 16 should
be re-examined: to expand our understanding of the
phenotypic range for a given chromosome defect
anatomical abnormalities should be carefully docu-
mented. Some, such as sex chromosome polyploidy
and minor deletion, may show no morphological
anomaly whatever in utero.

anomalies, but the inheritance is autosomal recessive
in cases of Roberts's42 and Meckel-Gruber syn-
dromes.43 Frontal encephalocoele is a rare anomaly.

SKELETAL DYSPLASIAS AND OTHER CAUSES OF
LIMB REDUCTION
Ultrasonographer, fetoscopist, radiologist, and histo-
pathologist alike may be forgiven for despairing at
the range of syndromes that may present with limb
reduction or shortening.44 Access to a clinical gen-
eticist is essential. In practice, cases may be divided
into those which present as an unexpected finding on
routine ultrasonography and those which have been
actively sought in a family with a known history of
skeletal defect. In the first instance a fortuitous dis-
covery of limb defects at 16-18 weeks' gestation gen-
erally implies a severe disorder that is likely to lead to
perinatal death or severe deformity. In the second
instance the ultrasonographer or fetoscopist may be
looking for markers such as polydactyly or facial

Table 6 Features associated with limb reduction or
shortening

CENTRAL NERVOUS SYSTEM DEFECTS
Open spina bifida may be associated with
diaphragmatic hernia but is generally an isolated
finding. Other major central nervous system defects
may be associated with multisystem syndromes.
Table 5 lists some of the more common defects.
Anencephaly is a common reason for termination of
pregnancy. Defects such as vertebral anomalies,
diaphragmatic hernia, and pulmonary hypoplasia are
seen as common associations and seem to carry no

additional need for counselling. The risk of a sub-
sequent neural tube defect after isolated anencephaly
is around 4%.

Hydrocephalus is relatively easy to diagnose in the
third trimester but becomes increasingly more
difficult in earlier gestations. The empirical recurrence
rate for hydrocephalus is 1-4%, but aqueduct
stenosis in male fetuses may be associated with an X
linked trait that will require scrupulous antenatal care
and early fetal karyotyping in subsequent preg-
nancies. Histological examination of the midbrain in
these cases shows forking or duplication of the aque-
duct of Sylvius. The ventral channel is often reduced
to a slit lined by ependyma while the dorsal channel
shows branching and ependymal proliferation in the
adjacent parenchyma. The pyramids are generally
absent.40 The hands in affected infants are said to
show a characteristic clenching with adduction defor-
mity of the thumbs.4041

Occipital encephalocoele and nuchal cystic
hygroma are sometimes confused on ultrasound
examination. Most encephalocoeles are isolated

Macrocephaly

Microcephaly

Minimal vault ossification

Cleft lip or palate

Narrow thorax

Polydactyly

Syndactyly

Joint contractures

Cardiac defects

Genital or anal anomalies

Hydrops
Fractures

Thanatophoric dysplasia
Achondroplasia
Hypochondrogenesis
Camptomelic dysplasia
De Lange syndrome
Roberts's syndrome
Fetal aminopterin effect
Hypophosphatasia
Achondrogenesis I + II
Osteogenesis imperfecta I
Short rib polydactyly II
Roberts's syndrome
Moebius syndrome
Fetal aminopterin effect
Thanatophoric dysplasia
Achondrogenesis I + II
Jeune syndrome
Short rib polydactyly I + II
Ellis-Van Creveld syndrome
Camptomelic dysplasia
VACTERL association
Short-rib polydactyly I + II
Ellis-Van Creveld syndrome
Jeune syndrome (sometimes)
Grebe syndrome
VACTERL association
Fraser syndrome
Roberts's syndrome
Moebius syndrome
Fetal aminopterin effect
Multiple pterygium syndromes
De Lange syndrome
VACTERL association
Ellis-Van Creveld syndrome
Short rib polydactyl I + 11
Holt-Oram syndrome
VACTERL association
Fraser syndrome
Roberts's syndrome
Short rib polydactyly I + II
Camptomelic dysplasia
Sirenomelia sequence
De Lange syndrome
Achondrogenesis I + II
Osteogenesis imperfecta I
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clefting, which are associted with a syndrome that
only results in growth disproportion in late pregnancy
or infancy.
Table 6 shows some of the features that may be

seen in the more severe dwarfing syndromes. Several
of the conditions listed are not strictly bone dys-
plasias. They are included because they constitute
part of the differential diagnosis of limb defect
detected in utreo and many may not be familiar to the
pathologist. Full descriptions of all the disorders
listed, together with other causes of limb dis-
proportion, have been given by Smith.38
The radiological and histological examination of

the true skeletal dysplasias require a degree of experi-
ence rarely found outside major referral centres, and
the actual embedding and processing of material is
also technically demanding.45 All material terminated
for such a diagnosis should be x-rayed. In doubtful
cases copies of the roentgenograms and a representa-
tive unembedded sample of a long bone should be
sent to a pathologist with an interest in these disor-
ders. A femur may be removed in the usual way. The
humerus is actually easier to remove and is also easier
to orientate for sectioning. It can be dissected out
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through the axilla after the skin of the thorax has
been reflected laterally. This method avoids incising
the skin of the arm. In cases in which the fetus is to be
handled by the parents the bone may be replaced by a
suitable internal splint. There is a good case for stan-
dardised sampling of the physeal region. as recom-
mended by Yang et al.46
The severe neonatal bone dysplasias have been

reviewed by Sillence et al.47 The condition most likely
to be found by the general histopathologist is thana-
tophoric dysplasia, which is, with few exceptions, spo-
radic in occurrence.48 The radiographic appearance
of thanatophoric dysplasia is characteristic, with
"telephone receiver" femurs, a narrow oblong thorax,
flat vertebral bodies, angulated clavicles, and medial
pelvic spurs. The histological appearance of the epi-
physeal and metaphyseal region of a long bone will
confirm the diagnosis of thanatophoric dysplasia by
showing complete disruption of the normal carti-
laginous columns and haphazard trabecular growth
(fig 8b). Heterozygous achondroplasia, with which
thanatophoric dysplasia is often confused, shows rel-
atively good preservation of the architecture of the
epiphyseal plate. There should be little clinical con-
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Fig 8 (a) Well orientated physeal growth line in normalfetal humerus with tidy columnformation and well ordered
cancellous ossification. (b) Thanatophoric dysplasia with no columnisation and haphazard mineralisation. (c) Severe
osteogenesis imperfecta. Columns are well ordered but ossification is poor, with only narrow spicules ofcancellous bone.
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Examination ofproducts of conception terminated after prenatal investigation

fusion, because the limb shortening in the
achondroplast occurs in late pregnancy and is difficult
to show much before 24 weeks' gestation, even by
careful ultrasonographic measurement.49
The fractures of severe osteogenesis imperfecta

may be readily seen at 16-18 weeks in utero. Histo-
logical examination shows normal column formation
but very thin osseous trabeculae (fig 8c). In these and
in other cases of interest to molecular geneticists the
spleen should be snap frozen for DNA studies. Even
when the pathologist is confronted with an obvious
skeletal dysplasia, fetal organs should be sampled
rigorously. Renal cystic lesions and congenital
hepatic fibrosis may help to confirm a diagnosis of
Jeune syndrome, and tracheomalacia is a feature of
camptomelic dysplasia.
Many clinicians find the terms dwarf and dwarfism

offensive. Such terms can be avoided by the use of the
word dysplasia, emotive to many pathologists but not
to patients.

ABDOMINAL WALL AND GASTROINTESTINAL
DEFECTS
Abdominal wall defects may be isolated defects or
may occur as part of the early amnion rupture
sequence, Beckwith-Weidemann syndrome, Meckel-
Gruber syndrome, or trisomy 13 and 18. Congenital
anomalies of the gut are common and very
varied.50-52 They are generally detected prenatally
only if they lead to dilatation either of the gut itself or
of a duplication cyst. Prenatal diagnosis of cystic
fibrosis is a matter of unresolved debate at
present.5354 It is occasionally detected prenatally as
ileus or meconium peritonitis. Biochemical and gen-
etic markers are as yet unreliable for population
screening. If cystic fibrosis has been tentatively diag-
nosed on the basis of intrauterine obstruction the his-
tological appearance of the colonic mucosa may be
characteristic.55 It is unusual for the pancreas itself to
show much change in early gestations.

URINARY TRACT ANOMALIES
The principal indications for high resolution ultra-
sonography of the urinary tract are oligohydramnios,
a history of malformation, or a suspicious routine
scan.56 The common findings are enlarged and cystic
kidneys, urinary obstruction with an enlarged
bladder, or renal agenesis (fig 9). Although bladder
and renal enlargement are both relatively easy to
show, the ultrasonographic diagnosis of renal agen-
esis is difficult57 and should only result in termination
of pregnancy when it has been confirmed by a highly
skilled ultrasonographer. When urinary outflow is
diminished, oligohydramnios and restricted fetal
movement render the scan difficult to interpret. When
longstanding oligohydramnios has occurred, the fea-

ft 7 ^.

Fig 9 Dissection ofurinary tract en block, showing cystic
dysplastic kidneys, hydroureter, and bladder dilatation. Note
hypospadias.

tures of Potter's facies may be superimposed on other
facial and limb abnormalities. Examination of the
placental membranes will often show amnion nod-
osum in these cases.

Although they are often isolated anomalies,urinary
tract lesions may be seen as part of multisystem syn-
dromes such as trisomy 18, Fraser syndrome, and
Meckel-Gruber syndrome.43 They also occur sec-
ondary to the VACTERL sequence (Vertebral anal
cardiac tracheo-esophageal radial limb defects) and
other anomalies of the anus and genitalia. Where the
obstruction has decompressed through the urachus,
urethra, or by rupture, the features of prune belly syn-
drome may be apparent.58 59 Disorders of renal
migration, including horseshoe kidney, are rarely
detected prenatally.

"Posterior urethral valves" are a common cause of
urinary outflow obstruction in the male fetus. The
valves themselves are difficult to show by dissection,
and their existence as a common cause of obstruction
has been challenged.60 Whether they exist or not, the
bladder appears very characteristic, with dilatation of
the neck in addition to trabecular hypertrophy of the
vault (fig 10).
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Fig 10 Same case asfig 9. Bladder has been opened to show
massive hypertrophy and dilatation ofbladder neck in a case

of "posterior urethral valves."

CARDIAC DEFECTS AND HYDROPS FETALIS
Ultrasound examination detects prenatal cardiac
defects accurately and reliably before 20 weeks'
gestation.29 It is also of value for detecting intra-
uterine tachycardia, one of the causes of fetal
hydrops. Pathological examination of the fetal
cardiovascular system is helped by close liaison with
the ultrasonographer. The segmental approach to the
description of cardiac defects spares the pathologist
the need to understand the embryology of the
system.61 62

The term, "hydrops fetalis," refers to a combina-
tion of generalised subcutaneous oedema and serous
effusions in the peritoneal and pleural spaces. When
the fluid accumulation is longstanding, the normal
contours of the viscera may become rounded, a
change that may also be seen on careful ultra-
sonography. The subcutaneous fluid collects around
the neck to form a cystic hygroma.63 With the early
diagnosis of rhesus incompatibility, treatment by
intrauterine transfusion, and early delivery, most
hydropic fetuses are now caused by other factors,
especially monosomy X (fig 1 1). The differential diag-
nosis of hydrops and its investigation has recently
been reviewed by Keeling.64 Table 7 lists the principal
causes of fetal oedema.

Fig 1 I Fetus terminated at 21 weeks' gestation ajier severe
hydrops was detected on scan. Amniocentesis showed
karyotype of45XO (Turner syndrome). Dissection showed
coarctation ofaorta and horseshoe kidney.
Table 7 Causes ofhydropsfetalis
Triploidy
Trisomy 18
Trisomy 21
Monosomy X (Turner syndrome)
Rhesus haemolytic disease
Thalassaemia
Fetal red cell enzyme defects
Fetomaternal haemorrhage
Twin transfusion syndrome
Angioma of fetus or placenta
Renal or umbilical vein thrombosis
Cardiac malformation with conduction defect
Fetal tachycardia
Cardiac rhabdomyoma
Cystic adenomatoid malformation of the lungs
Pulmonary lymphangiectasia
Pulmonary hypoplasia
Lower urinary tract anomalies
Neuroblastoma
Maternal nephrotic syndrome
Congenital infection
Not: Erythrogenesis imperfecta

Analbuminaemia
Congenital nephrotic syndrome
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Examination ofproducts of conception terminated after prenatal investigation

hi> 4 J '.

Fig 12 Congenital teratoma arisingfrom thyroid,first detected as raisedMSAFP and terminated at 25 weeks.

The pathogenesis of hydrops entails any combina-
tion of anaemia, cardiac failure, and mechanical
obstruction to venous return. In some cases the pre-
cise mechanism remains obscure. The presence of
hydrops on ultrasound examination does not indicate
inevitable fetal or neonatal death and should not, in
itself, be an indication for termination of pregnancy.

Appropriate maternal and fetal investigations may be
deduced from the causes of hydrops. During the
course of a rigorous dissection, tissue should be taken
for chromosome studies. Cardiac histology should be
performed, irrespective of the degree of maceration,
to exclude myocarditis. Samples of brain, lung,
kidney, heart, and blood should be sent for viral
studies.

CONGENITAL TUMOURS
Tumours arising in the fetal period are extremely
uncommon. Teratomas are the most common of
these lesions. Precisely at what point in gestation they
arise is not clear but their maximal growth rate is in
the last trimester and thus they may pass unnoticed
on an early scan. Ultrasonographically they present
as a variably echogenic mass arising from the sacrum,

head, or neck, or within the thorax or skull. When the

tumours are exophytic they may lead to a raised a
fetoprotein because the covering skin is both porous
and prone to ulcerate (fig 12).

Gonzalez-Crissi65 has detailed the gross and micro-
scopic appearance of extragonadal teratomata,
together with an excellent discussion on aetiology and
pathogenesis. There is an apparent overlap between
teratoma and conjoined twins, and where the degree
of "fetiformity" of the tumour is high, especially cases
in which an axial skeleton is present, the possibility of
fetus in fetu should be considered.66 Cases of sac-
rococcygeal teratoma carry a seven-fold increase in
incidence of associated congenital anomalies,
especially of the musculosckeletal, urinogenital, and
nervous systems.67 There may be a hereditary type of
presacral teratoma associated with osseous defects.68

Although other tumours, such as neuroblastoma
and central nervous system tumours, may occur pre-
natally, they are rarely detected in utero. Hamar-
tomatous malformations are more common and
include cardiac rhabdomyomata and large hae-
mangiomata. Rhabdomyomata are associated with
tuberous sclerosis69 and haemangiomata with
Klippel-Trelaunay-Weber syndrome. Both may cause
hydrops fetalis or may be detected on ultra-
sonography.

1061

copyright.
 on M

ay 22, 2023 by guest. P
rotected by

http://jcp.bm
j.com

/
J C

lin P
athol: first published as 10.1136/jcp.39.10.1049 on 1 O

ctober 1986. D
ow

nloaded from
 

http://jcp.bmj.com/


1062

Fig 13 Maternal surface ofplacenta in twin transfusion
syndrome. Donor area (twin I marked by one clamp) is pale
and oedematous. recipient area (twin 2) is congested.

DISORDERS OF TWINNING

Twin transfusion syndrome, acardius, and conjoined
twins may all be detected prenatally. Twin trans-
fusion syndrome leads to intrauterine hydrops in the
donor fetus or to death of one twin with a rise in the
already increased MSAFP. Conjoined twins may be
detected by ultrasonography and, like acardiac
fetuses, carry a considerably increased risk of neural
tube defects,70 which can be detected on x-fetoprotein
screening. When twin transfusion syndrome is sus-

pected, the diagnosis may be confirmed by showing a

differential of 5 g haemoglobin or more between
blood samples from each twin.7' Vascular commu-

nications may be shown in the monochorionic pla-
centa by angiography. Often the differential
haemoglobin concentrations are reflected by plethora
in one half of the placenta and pallor in the other (fig
13). The pathologist, faced with conjoined twins, has
the problem of putting a label on to the type of abnor-
mality. Most are joined at the chest and abdomen
(thoraco-omphalopagus), followed by chest alone,
then abdomen alone, then other types of join.72

Knowles

Potter and Craig give a full description of the vari-
ants, together with incomparable illustrations.73

Acardiac twins are usually also acephalic,74 hence
the commonly raised ox-fetoprotein. Classification is
even more arcane than that of conjoined twins, but, as
in all disorders of twinning, risks of recurrence are
very low.

INFECTION
Many infective agents are capable of crossing the pla-
centa or ascending the maternal genital tract to cause
intrauterine infection and fetal death, but only in the
case of rubella is the risk of congenital anomaly
sufficiently high to warrant termination of pregnancy.
At least 80% of children born to mothers with symp-
tomatic first trimester rubella have birth defects.75
The visceral hallmarks of congenital rubella are

microcephaly, hydrocephalus, and cardiac septal
defects, but a fetus terminated because of maternal
rubella may not have developed obvious neurological
defects. There may be less specific features indicating
active fetal infection, such as hepatosplanomegaly,
purpura, myocarditis, hydrops, and miliary lesions of
the placental disc and fetal organs. Confirmation of
fetal infection hangs on the isolation of the virus from
fetal organs, but histological examination is said to be
characterised by fibromuscular proliferation of the
intima of vessels with normal elastic laminae and
media. There may also be evidence of myocardial
fibrosis with or without myocarditis.76

Other infections may be associated with prenatal
disease, particularly with myocarditis leading to
hydrops. Cytomegalovirus has been shown to cause
congenital anomaly but as the incidence of primary
cytomegalovirus infection in pregnancy may be as
high as 0 5-2% termination on the basis of maternal
infection alone is clearly inappropriate.77

EXAMINATION OF THE PLACENTA AND
COMPLICATIONS OF PRENATAL DIAGNOSIS
Placental changes have already been mentioned in the
context of oligohydramnios, amnion rupture, twin-
ning, and hydrops. In triploidy the chorionic villi may
show changes that are difficult to distinguish histolog-
ically from those of true hydatidiform mole,78
although chromosomal studies discriminate well.79
The most important aspect of placental examination
in the context of prenatal diagnosis is to exclude com-
plications of amniocentesis or fetoscopy, such as
puncture of the placental disc (fig 14), or chorionam-
nionitis.

Amniocentesis and fetoscopy may cause direct
damage to the fetus, usually when associated with
procedures such as intrauterine transfusion or fetal
blood sampling. Recognised injuries include lacer-
ation, ocular injury, and visceral trauma.80 It is
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Examination ofproducts of conception terminated after prenatal investigation

Fig 14 Fetal surface ofplacenta punctured during course of
fetoscopy. Maternal surface showed retroplacental
haemorrhage.

important to document such injuries, even if termi-
nation has been induced because of fetal defect.
The method of termination and the way in which

the specimen has been handled may both lead to arte-
factual changes in the fetus that can be confused with
genuine pathology. Prostaglandin induction results in
the expression of the fetus through an unripe cervix.
This often leads to visceral trauma, especially rupture
of the liver, and damage to the anterior abdominal
wall. Some of the artefacts are very misleading (fig
15). Facial and trunk deformity may result from the
fetus being crammed into a small specimen jar or
bucket. Most of these artefacts can be recognised
after a little experience.

Conclusions

Pathological examination of fetuses terminated after
a prenatal investigation is often prejudiced by an
impression that, as the diagnosis is already apparent,
no further effort is required. Few pathologists would
use such an argument when confronted with a cole-

Fig 15 Expression offetal brain through vertebral canal
during course ofprostaglandin termination ofpregnancy led
to original diagnosis ofcongenital retroperitoneal
neuroblastoma.

ctomy specimen after colonoscopic biopsy or a cone
biopsy specimen after an abnormal smear. On the
other hand, clinicians are often guilty of dumping
these specimens on to the pathologist without sug-
gesting that they might be important for accurate
counselling.81

I hope that this review has shown that the patholo-
gist has a pivotal part to play in the assessment of the
malformed fetus. Although syndrome diagnosis
seems intimidating to the generalist, an accurate
description of anomalies will narrow the differential
diagnosis. Thoughtful use of investigations such as
cytogenetics will narrow the choice further. With the
increasing use of computed databases for syndrome
identification,82 there is less excuse for incomplete
diagnosis and imperfect counselling.
When the busy general pathologist finds a mal-

formed fetus sandwiched between two fibroid uter-
uses at the end of a heavy cut up, he might pause for
thought before condemning the specimen to the diag-
nostic dustbin of "multiple congenital abnormal-
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ities." Insufficient time to do these cases justice should
be an argument for better staffing. Insufficient back
up-for example, photography or radiology-should
be made into a case for additional resources.
Insufficient experience should lead to better training
or regional referral. The pathologist is as responsible
here as he is in any other branch of his subject for
maximising the information available to clinicians. A
family that has been subjected to the trauma of preg-
nancy termination for fetal anomaly deserves no less.
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