
A randomised trial in the New England Journal of 
Medicine has rekindled the acrimonious debate 
about the efficacy and appropriateness of testing 
for chromosomal imbalance (aneuploidy) before 
implantation in older infertile women having in 
vitro fertilisation.1 These women have such a poor 
prognosis of having a child by in vitro fertilisation 
that many will latch on to any promise that might 
improve their odds. This is the second randomised 
trial that shows no benefit from preimplantation 
genetic screening, yet advocates are unwilling to 
accept the findings. We examine the place of genetic 
testing of embryos in modern medical practice and 
possible future uses.

Preimplantation diagnosis
Preimplantation genetic diagnosis (PGD) was devel-
oped as an alternative to prenatal diagnosis and 
possible termination of an affected pregnancy for 
couples at risk of passing on a serious genetic disease 
to their children.2 3 It has an important place in pre-
venting transmission of inherited conditions where 
the child has a high risk of dying early (such as spinal 
muscular atrophy),4 of severe mental or physical dis-
ability (such as unbalanced chromosome transloca-
tions),5 or of diseases such as Duchenne muscularor of diseases such as Duchenne muscular 
dystrophy or cystic fibrosis that develop in child-
hood and shorten lifespan. In some cases the effect 
of the disease is so severe that it results in repeated 
early miscarriage (chromosome imbalance) or later 
fetal, neonatal,  or infant death. Each of these condi-
tions can be detected before implantation, provided 
the mutation within the relevant gene is known, 
the chromosome carrying the gene can be tracked 

through the family tree, or the specific chromosomal 
 rearrangement has been identified.3

 The technique was developed in the United King-
dom in the late 1980s and first used to avoid transmis-
sion of adrenoleucodystrophy and X linked mental 
retardation.6 Embryos were generated in vitro from 
couples who were generally fertile but had an affected 
child or a family history suggesting they were at high 
risk of an affected child. DNA was extracted from 
the single cell, amplified by the polymerase chain 
reaction, and tested for the specific mutation or, in 
the case of a sex linked disease, the presence of a Y 
chromosome associated genetic sequence (fig 1).6 

The development of fluorescence in situ hybridi-
sation (FISH),7 allowed specific chromosomes to be 
identified under the microscope, making sex selec-
tion simpler,8 and also enabled identification of 
embryos carrying unbalanced forms of translocations 
and other chromosome rearrangements.5

The latest development in preimplantation genetic 
diagnosis is embryo haplotyping.9 This process allows 
the identification of a chromosome in the embryo 
that is likely to be carrying an inherited disorder 
through knowledge of the pattern of closely linked 
markers in an affected child or other family mem-
bers. The main advantage of embryo haplotyping is 
that it does not require precise details of the mutation 
to be known, only which gene is implicated and the 
pattern of its inheritance in the family. This makes 
the development of a specific test for a disease faster 
and the diagnosis from a single cell biopsy more 
secure. It has superseded sex selection for couples 
at risk of having a son with a sex linked disorder 
because unaffected male embryos can be identified 
easily and considered for transfer.9

Despite its use for over 15 years, relatively few 
centres offer preimplantation diagnosis,10 and many 
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Use and misuse of preimplantation genetic testing 

Pregnancy rates after preimplantation diagnosis in 43 European centres related to type of genetic 
condition10 

Condition
No of pregnancies/oocyte 

retrieved (%)
No of pregnancies/

embryos transferred (%)

Chromosomal rearrangements* 62/404 (15) 62/234 (26)

Autosomal dominant disorders† 88/517 (17) 88/385 (23)

Sex linked disorders‡ 120/635 (19)  120/483 (25)

Autosomal recessive disorders§ 161/669 (24)  161/561 (29)

*Reciprocal and robertsonian translocations.
†Myotonic dystrophy, amyloid polyneuropathy, adenomatous polyposis coli, Charcot Marie Tooth disease, 
achondroplasia, Marfan syndrome.
‡Duchenne muscular dystrophy, haemophilia, fragile X syndrome, etc.
§Cystic fibrosis, β thalassaemia, sickle cell anaemia, spinal muscular atrophy.

Fig 1| Single blastomere being removed from 8 cell, day 3 
embryo for preimplantation genetic diagnosis
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of these send samples away for analysis rather than 
testing themselves. In the UK, there are now four 
centres with their own laboratories in London, one 
in Nottingham, and one in Glasgow, each doing  
5-150 cases a year.

Success of preimplantation diagnosis
European data show that the chance of a successful 
outcome after preimplantation diagnosis depends 
on the type of genetic condition—whether it is auto-
somal recessive or dominant, sex linked, or a chro-
mosome rearrangement (table 1).10 This is because 
the proportion of embryos likely to be unaffected 
varies with the inheritance of the disorder 

Since most couples who have preimplantation diag-
nosis are fertile, it had been thought that the pregnancy 
rates would be higher than when in vitro fertilisation is 
used for infertility. However, that assumption has not 
been substantiated. This is not really surprising, since 
not only do the embryos available for transfer have 
to survive the biopsy with good morphology but they 
must also be free of the genetic disorder. This require-
ment for the coincidence of two factors reduces the 
number of embryos suitable for transfer, and in many 
cases there may be none. 

Success is most strongly related to the number of 
embryos available for biopsy, which in turn is related 
to the number of good quality eggs obtained after 
gonadotrophin stimulation, and this declines as the 
woman gets older. If suitable embryos are available 
for transfer, clinical pregnancy rates are around 25% 
regardless of the pattern of inheritance, although 
some clinics report higher successes than this.11 Data 
are not yet available on the number of live births 
per cycle attempted, which would take into account 
the likelihood that because of age or other factors, 
patients may not even get to egg collection.11

Preimplantation genetic screening (PGS)
The age related decline in the chances of a live birth 
after fertility treatment with in vitro fertilisation is 
related to the decline in the number and quality of 
eggs. The chances of conception can be restored 
almost totally by using donor eggs from young women 
(fig 2). Since sporadic aneuploidy rises with mater-
nal age it was proposed that the use of fluorescence 
in situ hybridisation to screen embryos for common 

 aneuploidies (chromosomes 13, 16, 18, and 21) in 
older women would improve the outcome of in vitro 
fertilisation.13 As a consequence, preimplantation 
genetic screening for aneuploidy in women who have 
repeated failure of in vitro fertilisation or repeated 
miscarriage has become the most common use of 
embryo biopsy.14 

Despite the wide application of screening in patients 
who are desperate for a successful pregnancy, espe-
cially in the United States, until recently it has not 
been properly validated. Two recent randomised trials 
found no improvement in the chances of live birth 
per cycle started; one even showed a reduction.1 15 In 
part this is explained by the fact that embryo biopsy 
inevitably reduces the number of embryos available 
for transfer: some do not survive, test results may be 
unclear, and mosaicism between embryo cells may 
result in some normal embryos being identified as 
unsuitable for transfer.16

Proponents of screening are reluctant to accept 
these findings, finding fault with the trials’ meth-
ods and criticising the clinics’ ability to perform 
biopsy. However, a technique that only works in 
certain enthusiasts’ hands and cannot be translated 
for general use may have little to recommend it.17 
Furthermore, those units have not conducted prop-
erly controlled studies to show that screening does 
improve outcome in their hands or which groups 
of patients benefit.18 Until then, the widespread use 
of this expensive technology (an additional £2000-
£4000; €2880–€5760; $4000-$8000) by in vitro 
 fertilisation centres is arguably unethical.

Inequity of access 
Funding for fertility treatment in the UK is in a state of 
turmoil with the eligibility rules for receiving support 
varying widely. Unfortunately, preimplantation genetic 
diagnosis has been caught up in the rationing of fund-
ing for fertility treatment, as many primary care trusts 
do not appreciate the difference between the use of in 
vitro fertilisation to overcome infertility and its use in 
fertile couples to avoid the birth of a child with a serious 
genetic disorder. An innovative arrangement has been 
achieved in southeast England, where a consortium, 
informed by a committee of experts, advises on the 
appropriateness of a request for NHS funding, taking 
into account the patient’s circumstances, the severity 
of the disorder, and their prospects for success. The 
consortium generally recommends providing two treat-
ment cycles to couples with a reasonable chance of 
success—that is, if the woman is younger that 40 at the 
time of referral and does not already have an unaffected 
child, which is in line with advice from the Genetics 
Commissioning Advisory Group.19 

Since requests for funding for preimplantation diag-
nosis are likely to be infrequent, extension of such an 
arrangement across the UK would help achieve equity 
and would avoid the understandable confusion with 
infertility treatment. Better still would be the institu-
tion of a national policy and funding through the NHS 
National Commissioning Group.
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Fig 2 | Live birth rates after embryo transfer using own or donor 
eggs, by age of recipient12
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Future use

Preimplantation genetic diagnosis is about to change 
dramatically. Improvements in molecular technol-
ogy and greater understanding about genetic causes 
of serious medical disorders will change the referral 
pattern of couples seeking testing. Until now, it was 
thought reasonable to limit the use of preimplantation 
diagnosis to disorders for which prenatal diagnosis 
was already generally accepted. Future use is likely to 
expand into areas such as the exclusion of embryos 
with genes that predispose to adult onset disorders, 
for which requests for prenatal diagnosis are more 
 unusual. Some people with a genetic predisposition for 
certain cancers may choose to have preimplantation 
diagnosis despite the variable penetrance, lethality, 
and age of onset, and this may even become the larg-
est indication for referral.20

As the success rate improves and the repertoire of 
diseases for which tests are available increases, the 
number of couples and their offspring who could 
benefit from preimplantation diagnosis will rise 
greatly. It will be especially valuable for couples who 
would not consider prenatal diagnosis because they 
find terminating an affected pregnancy unacceptable. 
However, we will need to ensure that the technique 
is used only where medically justified.
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SUmmArY PoINtS
Preimplantation genetic 
diagnosis can avoid 
transmission of serious 
genetic disease
Funding of 
preimplantation genetic 
diagnosis needs to be 
separated from infertility 
treatment
Demand for testing 
is likely to grow as 
technology allows more 
diseases to be detected 
Evidence is lacking that 
screening for aneuploidy 
improves the success of in 
vitro fertilisation in older 
infertile women 

Should folic acid fortification be mandatory? Yes 
In both the print and web versions of this Head to Head article by Nicholas 
J Wald and Godfrey P Oakley (BMJ 2007;334:1252, 16 Jun) the word 
“deficiency” appears unnecessarily in the discussion of whether folic acid 
exacerbates B-12 deficiency. The relevant sentence should read: “...high 
dose folic acid can reverse the arrest of DNA synthesis that causes a B-12 
macrocytosis [not B-12 macrocytosis deficiency].” 
Also, during editing for the print version, several headings were omitted; 
readers are advised to consult the full version on bmj.com, which includes 
headings stating the four concerns that the article rebuts: that folic acid may 
cause cancer; that randomised trials have shown no benefit in cardiovascular 
disease; that folic acid may make B-12 deficiency worse; and that folic acid is 
a form of folate that does not occur in nature.

Killing you softly
In this Review of the Week by Stan Shatenstein (BMJ 2007;335:46, 7 Jul) we 
misspelt the name of the well known photographer Robert Capa as Robert Capra. 

Use of probiotic Lactobacillus preparation to prevent diarrhoea associated 
with antibiotics: randomised double blind placebo controlled trial  
An error in the funding statement in this paper by Mary Hickson and colleagues 
persisted through the editorial process to publication (BMJ 2007;335:80-3,  
14 Jul). One of the funders of the study was named as the Healthcare Foundation; 
its correct name is in fact the Health Foundation. 

Eczema in pregnancy 
A series of unfortunate events during the typesetting of this Practice article 
by Sophie Weatherhead and colleagues led to the affiliations of two of 
the authors getting mixed up in the print version (BMJ 2007;335:152-4, 
21 Jul). Their correct details are: Stephen C Robson, professor of fetal 
medicine, Uterine Cell Signalling Group, Institute of Cellular Medicine; 
and Nick J Reynolds, professor of dermatology, Dermatological Sciences, 
Institute of Cellular Medicine, Medical School, University of Newcastle upon 
Tyne, Newcastle upon Tyne. The email address for Professor Reynolds, the 
corresponding author, is correct.
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