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Fetal diagnosis of hereditary diseases*

WHO WORKING GROUP

Fetal diagnosis, based on amniocentesis in the second trimester ofpregnancy, in
conjunction with selective termination ofaffectedpregnancies, is currently one ofthe
most important components in the control of hereditary disease. Extensive experi-
ence has been gained with its use in the last decade, and in the hands of experienced
investigators it is a safe and reliable procedure. However, there are still significant
limitations to its use. Many serious congenital abnormalities cannot be diagnosed
because of difficulty in identifying pregnancies at risk. In addition, for mothers at
high risk, mid-trimester diagnosis is associated with great anxiety.

A methodfor earlierfetal diagnosis, based on sampling ofchorionic villi at 8-10
weeks' gestation, is beginning to enter clinical practice. At present, the technique is
still at the research stage, but it has great potentialfor increasing the acceptability of
fetal diagnosis. There is evidence that cytogenetic, biochemical, and DNA analyses
can be applied to chorionic villus material, but the ultimate usefulness of the pro-
cedure will depend on the associated obstetric risk, which has not, as yet, been clearly
defined.

In the last two decades, fetal diagnosisa of severe congenital disease, with selective
termination of affected pregnancies, has gained widespread acceptance. The procedure has
been limited to the second trimester of pregnancy because fetal samples suitable for
diagnosis could be reliably and safely obtained only after 16 weeks of gestation. The main
obstetric methods involved -ultrasound and amniocentesis -carry little risk in expert
hands, though fetal blood sampling is less safe. The laboratory diagnosis is also reliable,
providing there is rigorous quality control.

Fetal diagnosis of sporadic congenital diseases, such as chromosome disorders and
neural tube defects, is now widely practised in developed countries. However, fetal diag-
nosis of inherited diseases, where the risk in each pregnancy is much higher, is restricted by
several factors: (a) the difficulty of identifying prospectively couples at risk; (b) the large
number and generally low frequency of inherited diseases; (c) the lack of understanding of
the biochemical basis of most such diseases (in particular, the one most common in

* This article is based on the report of a meeting of aWHO Working Group, held in Geneva in April 1983. Requests for reprints
should be addressed to the Division of Noncommunicable Diseases, World Health Organization, 1211 Geneva 27, Switzerland. A
French translation of this article will appear in a later issue of the Bulletin.

The members of the Working Group are listed on page 355.

As first-trimester diagnosis is more properly postconceptional than prenatal, the comprehensive expression "fetal diagnosis"
has been adopted in place of the terms "prenatal diagnosis" and "antenatal diagnosis", to include both first- and second-
trimester procedures.
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developed communities, cystic fibrosis); and (d) the limited biochemical repertory of the
fetal cells found in the amniotic fluid. Consequently, fetal diagnosis has hitherto been most
beneficial to groups of mothers at relatively low risk, and has led mainly to reassurance.
Though only a relatively small proportion of investigated pregnancies have been
terminated, the service is beneficial, both for the families involved and for society in
general.
The success of thalassaemia control programmes in Europe and the Mediterranean area

has shown that, if the problems of heterozygote diagnosis could be solved, the preventive
approach could greatly reduce the frequency of severe inherited diseases in the community.
Within 4 years of their initiation, these regional programmes, which combine prospective
heterozygote diagnosis and counselling with fetal diagnosis based on fetal blood sampling,
have reduced the birth rate of thalassaemic children by 60-900/b
There has been steady progress in elucidating the biochemical basis of other major

inherited diseases, one of the most fruitful recent advances being the development of DNA
techniques. It is now possible to diagnose the presence of the sickle cell gene and some
thalassaemia genes, in double or single dosage, in both adults and fetuses, using direct
DNA analysis. Similar approaches for the detection of other important conditions hitherto
undiagnosable in the fetus, such as phenylketonuria, Duchenne muscular dystrophy,
haemophilia, and Huntington's disease, are currently under investigation.

CURRENT STATUS OF FETAL DIAGNOSIS

The diagnosis of genetic disorders of the fetus during the second trimester of pregnancy
provides a valuable option for couples known to be at risk. Introduced in the late 1960s, the
procedure has become established as a standard practice in many countries and has
generated increased interest in clinical genetics. Evaluation of the techniques involved is
now based on tens of thousands of diagnoses performed each year.

Indications for fetal diagnosis

Chromosome anomalies

The principal indications for fetal diagnosis for chromosome anomalies are maternal
age, parental chromosome aberrations, and the presence of a chromosome aberration in
a previous child; all these carry a relatively low risk of a range of serious disorders in
the fetus. At present, karyotyping constitutes the bulk of all fetal diagnoses performed,
because it can be offered to all women in the chosen age group. The lower age limit for the
offer of fetal diagnosis differs in different countries: in some it is offered to all pregnant
women over 35 years, but in others only to those over 38 or 39 years old. The decision is
made by the local geneticists, and depends on the number of pregnancies in the older age
group, the cytogenetic and financial resources available, and the demand for the service.
This last in turn depends on the general population's awareness of the risk, and of the
existence and safety of the diagnostic procedure.

Diagnosis of an abnormality leading to termination of pregnancy occurs relatively
infrequently in this group, and the risk of a recurrence in subsequent pregnancies is also
relatively small. Mid-trimester diagnosis is therefore often viewed mainly as a reassuring
procedure; indeed, some older women undertake pregnancy only because they know that
Down's syndrome can be excluded.

hCommunity control of hereditary anaemias: Memorandum from a WHO meeting. Bulletin of the World Health
Organization, 61: 63-80 (1983).
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Inborn errors of metabolism and other genetic diseases

At present, this rapidly advancing field represents only a small fraction of the fetal
diagnoses performed. Most metabolic diseases are inherited as mendelian recessives, i.e.,
married couples of heterozygotes are at high (25%) risk of producing an affected fetus in
every pregnancy. At present, only about 100/o of known mendelian disorders can be
accurately diagnosed in the fetus. Diagnosis usually depends on biochemical analysis of
amniotic fluid cells, and because of the highly specialized methods the work is centralized
in an informal network of a few laboratories which receive samples for analysis from other
centres.

Unfortunately, with the exception of the haemoglobinopathies and Tay-Sachs disease,
prospective diagnosis of couples at risk is either impossible or impracticable. Most such
couples can be identified only retrospectively, i.e., after the birth of an affected infant, and
the function of fetal diagnosis is to enable the couple to complete their family free from the
risk of having a second affected child. Progress is being made towards increasing the range
of diagnosable conditions. For instance, amniotic fluid enzyme levels may prove useful in
the diagnosis of cystic fibrosis and developments in molecular biology seem to hold out
particular promise. Experience with the haemoglobinopathies has illustrated the potential
and the problems that may be encountered with the new molecular methods.c

Diagnosis of genetic disease based on DNA analysis can be applied, directly or after
culture, to cells obtained from amniotic fluid. The technique depends on restriction
enzyme digestion of the DNA, separation of the restriction fragments by Southern blot-
ting, and localization of the fragments carrying the genes in question by radioactive DNA
probes. Many different approaches can be used:

(1) Some mutations are due to sizeable deletions in the coding and non-coding sections
of DNA, e.g., Hb Lepore, an Indian form of 30°-thalassaemia, and many of the cx-thalas-
saemias. These can be detected directly by their effect on the size and hence the mobility of
the corresponding restriction fragments of DNA.

(2) Direct detection may also be possible for some structural protein abnormalities due
to a given point mutation. For instance, HbS results from a mutation that eliminates a
normal Mst Ild restriction site. The restriction fragment carrying the abnormal (3-gene is
therefore predictably larger, and travels more slowly following Mst II digestion, than when
the normal O3A-gene is present.

(3) When the abnormality itself is not detectable, it is sometimes closely linked to a DNA
polymorphism that is detectable. For instance, both HbS and HbC are often associated
with a polymorphism in the immediately adjacent section of non-coding DNA, that
eliminates an Hpa Id restriction site.

(4) Many conditions, such as the ,B-thalassaemias, are due to a wide variety of different
mutations that have none of the above characteristics. Even in normal individuals, the two
chromosomes often carry different polymorphisms in the non-coding region of the DNA
and so can often be distinguished using one or several restriction enzymes. Family studies,
where there is either an affected or a normal child, often allow the identification of the
haplotypes (characteristic patterns of each chromosome) associated with the ,B-thalas-
saemia genes in that particular family. This often allows fetal diagnosis for couples diag-
nosed retrospectively, or who already have a normal child, or who have had a pregnancy
terminated following a conventional mid-trimester diagnosis of a homozygous fetus (pro-
viding that placental tissue has been retrieved for DNA analysis after termination of preg-
nancy). This is the most commonly used method at present, but it is laborious and generally
limited to retrospectively diagnosed couples at risk.

c WEATHERALL, D. J. The new genetics and clinical practice. London, Nuffield Provincial Hospitals Trust, 1982.
d Designates a particular restriction enzyme.
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(5) When the point mutation leading to a common abnormality is known, it is possible to
synthesize short oligonucleotide probes that can reveal the presence or absence of the
mutant (or normal) form, under suitably standardized conditions. In principle this is now
possible for sickle cell diseasee and for some of the more common thalassaemias,f but the
methods still require considerable development before they can be considered to be specific
and sensitive enough for routine fetal diagnosis.

In addition to haemoglobinopathies, phenylketonuria may now be diagnosable retro-
spectively by family studies of restriction fragment length polymorphisms in the same way
as thalassaemia;9 there has also been promising work on Duchenne muscular dystrophy.h
A general disadvantage of present DNA methods is that diagnosis based on auto-

radiography is slow (10 days), and the DNA probes are labelled with 32p, which has a short
shelf-life. This causes major problems of transport and storage in remote areas. However,
the basic techniques for DNA diagnosis are not complicated, and the development of
sensitive fluorescent or other non-radioactive oligonucleotide probes could make DNA
methods even more suitable than the existing systems for genetic diagnosis in developing
countries.

Nevertheless, even if all the problems of biochemical diagnosis are solved, mid-trimester
diagnosis and selective abortion are not acceptable as a long-term solution for high-risk
genetic disease. This is especially true when prospective heterozygote diagnosis is available,
because young couples at risk then have to face a 2507o probability of a mid-trimester abor-
tion in each pregnancy from the beginning of their reproductive life. Some relevant figures
from Denmark and from the United Kingdom thalassaemia control programme are given

in Table 1. With time, an increasing num-
ber of mothers are seen who have suffered
numerous mid-trimester therapeutic abor-
tions without succeeding in obtaining a
normal child (Table 2). Because of their
high level of anxiety, high-risk couples

Table 1. Comparison of results of amniocentesis
in Denmark with fetal blood sampling for thalas-
saemia among prospectively diagnosed Cypriots in
the United Kingdom

Fetal blood
sampling for

Outcome of Amniocentesis thalassaemia
pregnancy

No. % No. %

Live-born child 4379 94.07 117" 77

Stillborn child 36 0.77 0 0

Spontaneous
abortion 101 2.17 4b 2.6

Induced abortion 99 2.13 31 20.4

Unknown 40 0.86 0 0

Total 4655 100 152 100

' Includes 4 infants with homozygous thalassaemia: 1
with mild thalassaemia intermedia, 1 born to a woman who
refused fetal diagnosis, 1 born to a woman who decided to
continue with an affected pregnancy, and 1 misdiagnosis.

h 3.3% of pregnancies not therapeutically aborted.

Table 2. Distribution of normal children and termi-
nations of pregnancy (excluding spontaneous abor-
tions) among 74 prospectively diagnosed Cypriot
women at risk for thalassaemia in the United
Kingdom

Total
No. of No. of healthy children mothers
terminations
of pregnancy 0 1 2 3 4 No. %

0 24 22 4 2 52 71

1 3 6 6 1 16 22

2 0 3 3 4

3 0 0

4 1 1 2 3

e CONNER, B. J. ET AL. Detection of sickle cell 0"-globin allele by hybridization with synthetic oligonucleotides. Proceedings
of the National Academy of Sciences of the United States of America, 80: 278-282 (1983).

J ORKIN, S. H. ET AL. Direct detection of the common Mediterranean j-thalassaemia gene with synthetic DNA probes.
Journal of clinical investigation, 71: 775-779 (1983).

X Woo, S. L. C. ET AL. Cloned human phenylalanine hydroxylase gene allows prenatal diagnosis and heterozygote detection
in classical phenylketonuria. Nature (London), 306: 151-155 (1983).

h DAVIES, K. E. ET AL. Linkage analysis of two cloned DNA sequences flanking the Duchenne muscular dystrophy locus on
the short arm of the human X chromosome. Nucleic acids research, 11: 2303-2311 (1983).
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repeatedly ask for an earlier diagnostic procedure; equally, in some societies, mid-trimester
diagnosis is accepted only with difficulty, if at all.

Sex-linked conditions

Female heterozygotes for sex-linked conditions have an approximately 25% risk of
bearing an affected male child in each pregnancy. In principle, many female carriers can be
identified by their relationship to a proband, and prospective fetal diagnosis can then be
offered. Haemophilia and Christmas disease can be accurately diagnosed by fetal blood
sampling, and X-linked mental retardation with the fragile X-chromosome can be diag-
nosed by cytogenetic analysis. However, for less well understood conditions such as
Duchenne muscular dystrophy, the only intervention available is fetal sexing by karyo-
typing of amniotic fluid cells, followed by abortion of all male fetuses. This is very unsatis-
factory, as 50'70 of diagnosed pregnancies end in mid-trimester abortion, while imprecision
in the ascertainment of female heterozygotes ensures that more than half the male fetuses
aborted are, in fact, unaffected. In these cases, there is thus an exceptionally high risk with
a singularly unsatisfactory solution; as a result, sex-linked conditions constitute only a
small fraction of the fetal diagnoses undertaken at present.

Neural tube defects
Both the incidence of neural tube defects and the risk of recurrence in a mother who has

already delivered an affected child differ markedly in different parts of the world. Most
affected pregnancies are included in a high-risk group which is relatively easily identified by
measuring the maternal ca-fetoprotein (AFP) level at the sixteenth week of pregnancy; this
offers the possibility of a major reduction in the incidence of affected births in high-
incidence communities such as the United Kingdom. Initially the programme was based on
the finding of a raised maternal serum AFP level on two separate occasions and the use of
ultrasound to exclude other causes of raised maternal serum AFP, such as a twin pregnancy
or intrauterine fetal death, followed by amniocentesis and measurement of the amniotic
fluid AFP. However, recent improvements in ultrasound techniques now permit direct
diagnosis of severe abnormalities. A raised maternal serum AFP has therefore become an
indication for an expert ultrasound evaluation of the fetus in the first instance, rather than
for amniocentesis. In the United Kingdom the programmes directed to the prevention of
neural tube defects have played an important part in improving the standard of obstetric
care in pregnancy, primarily by increasing the availability of ultrasound monitoring for
fetal diagnosis, and for the accurate determination of gestational age. It is now hoped that
primary prevention, by administration of periconceptional vitamin supplements, will
reduce the incidence of neural tube and possibly some other congenital defects.

Techniques used in fetal diagnosis

Amniocentesis

Amniotic fluid and amniotic fluid cells are usually obtained by transabdominal puncture
at 16-17 weeks of gestation. Obviously, from the point of view of the mother, the earlier
the diagnosis can be achieved the better, but both obstetric and laboratory considerations
set the earliest time for safe and reliable amniotic fluid sampling at 16 weeks of pregnancy.
Good amniotic fluid samples have not been reliably obtained before 14 weeks' gestation,
because up to that stage the persistence of viscous extra-amniotic fluid between the amnion
and chorion increases the technical difficulties and risks of sampling. Furthermore,
sufficient viable cells to establish reliable cultures cannot be regularly obtained before
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16 weeks; thereafter good cultures can be reliably obtained from 15 ml of amniotic fluid.
Formerly, it took about 2 weeks to achieve the necessary biomass for karyotyping and
about 3 weeks for biochemical analysis, but with the new hormone-enriched media used the
time is reduced to 10-12 days for karyotyping and about 2 weeks for biochemical studies.

Follow-up studies performed during the first years of the application of amniocentesis,
and continuous monitoring in countries with a national register, have shown that the best
results are obtained in centres performing hundreds of amniocenteses per year and that the
experience of the obstetric team in ultrasound examination and puncture is of the first
importance in ensuring a low risk to the pregnancy. Under optimal conditions, the spon-
taneous abortion rate is even lower than in control groups, because some late abortions are
caused by chromosome aberrations which are detected and aborted therapeutically in the
group undergoing amniocentesis. Nevertheless, detailed analysis of subsequent spon-
taneous abortions has shown that a few are related to the procedure, but the number is far
less than 1 per 200 investigations. No excess of perinatal mortality has been found. An
increased number of spontaneous abortions occur when amniocentesis is carried out by ob-
stetricians who perform only a few punctures per year, and studies have shown an increase
in abnormalities of the extremities and of lung development, probably associated with
persistent amniotic fluid leakage.

Very few samples obtained by experienced obstetricians are blood-stained and a second
tap is only rarely necessary. Problems due to contamination with maternal cells are now
rare. With the exception of some clerical errors in the transcription of fetal sex and some
problems related to mosaicism, no misdiagnoses have been reported during the last few
years by academic centres or in countries where there is a national register. The same is true
for the diagnosis of biochemical diseases.

It can be concluded that fetal diagnosis by amniocentesis is a safe and reliable procedure
when performed in specialized centres, and should be extended in order to reduce the inci-
dence of genetic disease.

Fetoscopy

Fetoscopy was initially designed for the direct visualization of the fetus, but this function
has been taken over by ultrasound examination, and fetoscopy is now mainly used to
obtain fetal samples such as blood, or skin or liver biopsies. A high level of training (1-2
years), skill, and constant practice are required, but providing the necessary conditions are
met, the associated risk can be brought almost as low as that of amniocentesis. However,
even in the most experienced hands accidents still occur, and a problem exists when fetal
blood sampling is needed only occasionally, e.g., for the diagnosis of haemophilia. Recent
improvements in real-time ultrasound are now facilitating the development of easier
methods of mid-trimester fetal blood sampling , by direct transabdominal needle puncture
of the fetal cord insertion or the fetal heart under ultrasound guidance.
At present, to keep the fetal risk to an acceptable minimum of about 1-3%o, fetoscopy

should be restricted to highly specialized centres. The principal indications are for the
diagnosis of haemoglobinopathies, haemophilia, and some rare diseases of the blood;
research on the diagnosis of congenital rubella and toxoplasmosis using fetal blood
samples is in progress.

Ultrasound examination

The continuing rapid evolution of ultrasound equipment and operational skills has
revolutionized the clinical examination of the fetus in utero so that it has become a

".patient" whose behaviour and morphology (external and internal) can be investigated
with increasing accuracy. The application of the technique in the detection of neural tube
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defects is one example.
At present, in some developed countries, it is recommended that most pregnancies

should be examined routinely using ultrasound on one or more specified occasions during
antenatal visits (primary level), while patients in special risk groups should be referred
directly for more expert ultrasound examination (secondary or tertiary level). With
increasing skill in the interpretation of fetal morphology and patterns of movement at the
primary level, some anomalies may be suspected at the routine ultrasound examinations. In
such cases, referral of the women for more expert ultrasound examination is likely to lead
to detection of more sporadic congenital abnormalities, especially in younger mothers.
Abnormal patterns of movement have been observed in many fetuses with a chromosomal
abnormality.'
The main risk associated with ultrasound examination is misdiagnosis, which can lead

either to therapeutic abortion of a normal fetus or the continuation of a pregnancy with a
seriously abnormal fetus. The level of risk depends on the training and skill of the operator
and the quality of the equipment used.

Limitations

At present, sporadic congenital anomalies, which constitute up to 50%yo of major
abnormalities, are diagnosed only rarely in the fetus. The extent of diagnosis in the future
will depend on the development of ultrasound and the provision of an adequate skilled
service.

Fig. 1 shows the major groups of chromosomal anomalies with phenotypically adverse
consequences in live-born infants, in relation to the known risk groups. It shows that the

Balanced structural Numerical Unbalanced structural
anomalies anomalies anomalies

30% 60% 10%

Anomalies with abnormal phenotypes

Numerical anomalies Structural anomalies
86% 14%

InheritedI ~~~~~~~~~11%
Mother Mother Mother With indications Without indications De novo

already has an >35 years <35 years for karyotyping for karyotyping 3%
affected child 26% 60% in the parents in the parents

0.5% 5.5% 5.5%
WHO 84239

Fig. 1. Distribution of the major chromosomal anomalies. Taken from: AYME, S. ET AL. Anomalies chromo-
somiques, facteurs de risque actuellement connus. Journal de g6netique humaine, 28: 155-178 (1980).

BOUt, J. ET AL. Ultrasound movement patterns of fetuses with chromosome anomalies. Prenatal diagnosis, 2: 61-65 (1982).
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overall incidence of Down's syndrome can be reduced by at most 30%o by programmes
limited to older women, because the majority of affected births occur in the much larger
group of younger mothers. However, there are wide variations between regions in the
percentage of older women who undergo fetal diagnosis. In general, in developed
communities, this is not the result of varying degrees of acceptance by pregnant women,
but depends on the level of awareness in the community as a whole. For instance, in
Denmark, where public information systems and antenatal care are well organized, 85%Mo of
pregnant women over 35 years of age have an amniocentesis. Thus the most important
immediate step to take in improving programmes for the prevention of chromosome
anomalies is to inform more women, especially those in the low socioeconomic groups, of
the existence of risk and the availability of prevention.
Some advances have been made in identifying other high-risk groups: for instance, Boue

et ali found that fetal trisomies are often associated with persistent uterine bleeding. The
difficulty of making karyotyping generally available is related not to the obstetric risk of
the procedure but to the labour and skill involved in the diagnostic tests, and the limitation
of resources. It is at present impossible to predict the effect of new technical developments,
for instance automated karyotyping and chromosome sorters, or of DNA methods for
measuring gene dosage.

It is not known what proportion of couples in developed countries who produce a child
with a major genetic disease are informed of the possibility of fetal diagnosis in subsequent
pregnancies. It is likely that the majority are so informed, since most such children are
referred for diagnosis to specialist genetic centres. It is also not accurately documented
what proportion then undertake further pregnancies and how many of these request fetal
diagnosis. Where very serious diseases are concerned, most couples probably behave like
the Mediterranean families at risk for thalassaemia major, i.e., they undertake further
pregnancies only on the condition that fetal diagnosis will be available. For metabolic
diseases the main limitation is the small proportion of such diseases that can be diagnosed
at present; the most common severe conditions are not yet diagnosable, while most of those
that are can be diagnosed only retrospectively. Under these circumstances, though fetal
diagnosis is of great value to individual families, it can reduce the incidence of disease by at
most 18%/o and more probably by less than 1O0Do. The situation will improve when diag-
nostic methods are found for the more common conditions such as cystic fibrosis,
Duchenne muscular dystrophy, and phenylketonuria, and when prospective heterozygote
detection becomes feasible. However, these advances will bring their own major problems;
since it will then be possible to test every pregnant woman for heterozygosity for the major
diseases, the demand for fetal diagnosis will increase rapidly, and the emotional traumas
associated with mid-trimester diagnosis of high-risk conditions will become more wide-
spread. While it is not possible to predict the obstetric and laboratory methods that will be
involved, it is clear that a large and expert diagnostic service will be required.

Coordination and quality control

In many countries, fetal diagnosis is offered as a government service, free of charge for
the patients. This arrangement, which is desirable on ethical grounds, has been greatly
facilitated by the demonstrable major cost-benefit advantages of prevention of chronic
diseases of childhood.

All women at risk should be offered a safe, high quality service. This requires the accept-
ance of a degree of quality control, which is easiest to achieve in communities where fetal
diagnosis is part of the national health policy. In most such communities, informal quality-

See footnote i, page 351.
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control systems, organized by the local genetic service, now operate effectively. For
instance, in Denmark, the cytogenetic laboratories accept amniotic fluid samples only
from a few obstetric departments, each of which performs more than 200 amniocenteses a
year, to an acceptable standard. In France, it is recommended that amniotic fluid samples
be accepted only from obstetricians who perform more than 100 amniocenteses per year. In
most countries a registry is kept, and cytogeneticists may be required to register the
diagnosed sex of the fetus and to confirm this at birth, as an intrinsic quality control.
Because of the specialized techniques used in diagnosis of the haemoglobinopathies, a
WHO-sponsored international registry is agreed by most diagnostic centres.

These quality-control systems, developed in connexion with amniocentesis, have shown
that: (a) the obstetric procedure should be limited to a few expert centres with first-class
ultrasound equipment and a large turnover of patients; (b) the diagnostic laboratories
should be situated in or closely associated with genetic research centres in order to maintain
standards, obtain help with problem-solving, and ensure the continuing evolution of
methods; and (c) national registration and quality control is essential to the maintenance
of a reputable service.

RECENT RESEARCH DEVELOPMENTS

The most significant general advance in fetal diagnosis would be the development of
techniques that could be carried out before 16 weeks' gestation. Early attempts to develop a
first-trimester method of chorionic villus sampling were hampered by the need for direct
visual guidance and were discontinued because of the greater ease, safety, and success of
mid-trimester amniocentesis. However, the increasing application of fetal diagnosis for
high-risk conditions, the advances in DNA technology, and the development of ultrasound
have now generated both an increased need and the appropriate technology for a renewed
effort towards early diagnosis.
By mid-1983, first-trimester fetal diagnosis on chorionic villus samples had been

reported by five groups using four different obstetric methods (Table 3). Visual guidance,
either direct or by ultrasound, is necessary to obtain the samples; most procedures can be
performed via the vaginal route, with only minor discomfort for the patient and without
anaesthesia. Chorionic villi are obtained by aspiration into a flexible catheter with a
bendable aluminium obturator or with biopsy forceps. It is necessary to carry out on-the-
spot confirmation that an adequate sample of fetal tissue has been obtained.
The chorionic villus material obtained has a characteristic polypoid appearance. It

consists of connective tissue cores, usually containing fetal capillaries, surrounded by an
inner epithelial layer of cytotrophoblast and an outer layer of syncytiotrophoblast. At this
stage of pregnancy it is growing very fast and abundant mitoses are present in the cyto-
trophoblast layer. Tissue culture is not usually necessary for DNA, chromosome or bio-
chemical studies.
Although the obstetric method appears simple, it requires a coordinated team of ob-

stetrician, ultrasonographer, and assistant with microscope, and optimal ultrasound
equipment (i.e., a real-time sector scanner). In most centres where the method is used, the
expertise has been developed by working experimentally in anaesthetized patients under-
going first-trimester termination of pregnancy for medical reasons. Diagnosis by this tech-
nique has then been offered on an experimental basis to a selected high-risk group, e.g., in
France, women at risk for sickle cell disease who would not accept second-trimester diag-
nosis; in Italy, those at risk for chromosomal disorders and metabolic diseases; in the
United Kingdom, couples at risk for haemoglobinopathies; and in the USSR, women at
risk for X-linked or biochemical disorders. The in utero diagnosis has been confirmed in
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Table 3. Methods used so far for chorionic villus sampling

Amount of material
usually obtained No. of cases

Group Place Obstetric _____________ ____________
method mg of tissue ug of DNA Initial Updated

report June 1983

Anshan' China Blind suction Not 100
method available

Kazy et al." USSR Biopsy forceps 10-25 26 -

+ real-time
ultrasound

Ward et al.' United Kingdom 3 9
Plastic catheter

with real-time 30-60 10-100

Brambati Italy ultrasound 1 41
& Simoni"

Goossens France Biopsy forceps 10-20 5-30 5 5
et al.' with real-time

ultrasound

Hahnemann-J Denmark Transabdominal
ultrasound-
guided needle
biopsy (under
development)

ANSHAN DEPARTMENT OF OBSTETRICS AND GYNAECOLOGY. Fetal sex prediction by sex chromatin of chorionic villi cells
during pregnancy. Chinese medicaljournal, 1: 1 1 7-126 11975).

" KAZY, Z. ET AL. Chorion biopsy in early pregnancy: a method of early prenatal diagnosis for inherited disorders. Prenatal
diagnosis, 2: 39-45 11982).

' WARD, R. H. T. ET AL. Method of sampling chorionic villi in first trimester of pregnancy under guidance of real-time
ultrasound. British medical journal, 286: 1542-1544 (1983).

d BRAMBATI, B. & SIMONI, G. Diagnosis of fetal trisomy 21 in first trimester. Lancet, 1: 586 (1983).
eGOOSSENS, H. ET AL. Prenatal diagnosis of sickle cell anaemia in the first trimester of pregnancy. New Englandjournal

of medicine, 309: 831-833 (1983).
/ Unpublished data, 1983.

pregnancies aborted or coming to term, but numbers are as yet very small. So far, there
appears to be good cytogenetic correspondence between the fetus and the chorionic tissue,
although problems may be anticipated from mosaicism.

Obstetric risk

The data available so far show that first-trimester chorionic villus sampling carries some
risk for the fetus: 5 losses have been reported to date following the procedure - 2 spon-
taneous abortions, 1 interruption of a twin pregnancy, and 2 intrauterine deaths. Most of
these occurred some weeks after the procedure, and while some were definitely related to
the investigation, it is possible that some were precipitated by other factors. The results also
suggest that sampling by the vaginal route later than 11 weeks' gestation may be more
dangerous as well as more difficult; the sac is larger, the membranes thinner and more
vulnerable, and the placenta better defined, more vascular, relatively smaller, and often
molre remote. No congenital abnormalities have been seen in the two series where a signifi-
cant number of pregnancies have come to term, but much more data are still needed on this
subject.
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Evaluating the risk

The normal rate of spontaneous abortion in the first trimester of pregnancy is about
5-1007o, and about half of these fetuses have chromosomal abnormalities. In such cases,
the developmental age of the embryo is usually less than 8 weeks, although spontaneous
abortion can occur up to 12 weeks. When first-trimester diagnosis is undertaken for
chromosomal indications (e.g., advanced maternal age) the incidence of chromosomal
abnormalities detected and of spontaneous abortion will be higher than those presently
observed with amniocentesis at 16-17 weeks. This is because many chromosomal abnor-
malities, which would have led to subsequent spontaneous abortion, will be detected at 8
weeks. Patients should be fully informed of this problem. Whatever the indication for
diagnosis, it will be desirable to perform cytogenetic studies on all spontaneously aborted
fetuses.

In order to assess the obstetric risk of the technique and distinguish the spontaneous
abortions directly attributable to the diagnostic procedure, it will be necessary to develop
criteria for the clinical diagnosis of fetal abnormality before or at the time planned for the
procedure. Large numbers of subjects will be needed to ensure reliable results, and this will
require international collaboration between all groups on the long-term obstetric and
possibly paediatric follow-up of subjects. A preliminary recording systemk has already
been proposed for use in such trials.
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