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Dear State Secretary,

In line with your request, as summarised in the request for advice dated 7 November 2003,
I enclose an advisory report on the genetic diagnosis and screening of embryos produced by
in vitro fertilisation, performed prior to implantation in the uterus. The report was compiled
by a specially convened Health Council Committee and has been reviewed by the Standing
Committee on Genetics and the Standing Committee on Health Ethics and Health Law.

The Committee regards pre-implantation genetic diagnosis as a viable alternative to
invasive prenatal diagnostic testing for serious hereditary conditions.

The Committee regards the in vitro diagnostic testing of embryos with a view to
ascertaining whether they carry serious hereditary conditions to be acceptable only if
carriership constitutes a serious disadvantage.

In practice, life-threatening conditions occasionally occur, for which stem cell
transplant is the only therapy, but no donor is available. The Committee recommends that,
in such situations, the in vitro genetic testing of embryos should be permitted only under
strict conditions with the aim of making the donation of umbilical cord blood stem cells
possible.

The Committee regards pre-implantation genetic testing for non-medical characteristics
as undesirable. The Committee indicates that the permissibility of such testing is not an
exclusively medical question, but that when considering whether such testing should be
permitted, the adverse aspects of in vitro fertilisation procedures should be taken into
account.
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In certain circumstances, testing for a hereditary disease also yields information about an
embryo’s gender. In such circumstances, it is acceptable for a decision regarding which
embryo to replace to be made in consultation between the treatment provider and
prospective parents, provided that no additional procedures are required.

The inclusion of pre-implantation genetic screening as a standard element of the in vitro
fertilisation process could increase the prospects of a successful treatment outcome.
However, insufficient information is available regarding the effectiveness and safety of
such screening. The Committee accordingly advises that only scientific research into the
effect of such screening should be permitted for the time being.

I endorse the Committee’s recommendations.

Yours sincerely,
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Professor M. de Visser,
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Summary

Pre-implantation genetic diagnosis

Pre-implantation genetic diagnosis (PGD) is the examination in vitro of an
embryo (or an egg cell prior to fertilisation) in order to exclude a genetic
condition in case a very high risk of that condition is known. PGD can only be
used in combination with in vitro fertilisation (IVF). If a genetic abnormality in
the form of a monogenetic disease such as Huntington’s disease or cystic fibrosis
occurs in a family, then it is often possible to find out whether an embryo also
has that abnormality. The same applies to structural chromosomal abnormalities,
such as translocations, that are often associated with serious conditions.

PGD as an alternative to prenatal genetic diagnosis

Because PGD is carried out prior to pregnancy, it can be seen as an alternative to
prenatal genetic diagnosis (PND), where the detection of abnormalities may
result in an abortion being performed. But as IVF is an invasive procedure and
PGD is generally associated with embryo selection, PGD should not be
automatically preferred to PND. In the Netherlands, the indication consists of
serious conditions for both diagnostic methods, while PGD is also carried out in
the context of less serious diseases in some other countries.

The choice of method depends on individual preference and feasibility. With
regard tot PGD in particular the feasibility of the IVF procedure and the technical
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diagnostic options can restrict the choice. There is also a difference in the
responsibility of healthcare professionals, who become involved in the creation
of the child in the case of PGD (as this method is always associated with IVF).

The acceptability of various applications of PGD

The Health Council has, in previous advisory reports, discussed the a priori
acceptability of PGD. This report concentrates on certain applications.

One of the questions dealt with in this report is about the acceptability of
selection on the basis of an embryo being a carrier of a genetic condition. Being a
carrier means that a future child is at greater risk of disease, although carriers
themselves are not affected (or are affected to a lesser degree). Parents may
request selection for carriership in cases where diagnosis for a serious condition
has already been carried out and no additional investigations or treatments are
necessary. There is little reason not to comply with the parents’ wishes in this
situation. Embryo selection in different situations is only acceptable if carriership
presents serious problems. One example is carriership of Duchenne muscular
dystrophy.

Another question relates to the situation where a parent runs a high risk of
contracting a serious hereditary condition that becomes manifest later in life, but
does not want to know whether he or she actually has that genetic abnormality. It
is difficult to justify the use of methods where an individual’s genetic status is
determined, but not revealed to that individual. After all, healthcare professionals
would then sometimes be called on to perform IVF knowing that there is no
increase in the risk of producing a child with the abnormality in question. The
Health Council’s Committee on Preimplantation genetic diagnosis and screening,
henceforth mentioned the Committee, regards as acceptable the use of methods
whereby the parent’s status is not determined, but where investigation focuses
solely on finding out which grandparent passed on the relevant gene to the
embryo. In both cases, it may be that IVF and PGD are carried out unnecessarily
because the parent in question is not a carrier of the disease, and in both cases it
can happen that healthy embryos are not used. The two cases differ in that in one
case the doctors and laboratory staff know that the treatment and diagnosis are
being carried out unnecessarily, while in the other case they do not know whether
this is so.

Another question to be considered is whether it is responsible to carry out
PGD in cases of hereditary conditions where not all individuals with the
mutation contract the diseases, such as hereditary breast cancer and some forms
of intestinal cancer. The answer to this question depends on the severity of the
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condition, the therapeutic options and the likelihood of the condition becoming
manifest early in life. Investigation of specific mutations sometimes allows this
to be predicted. PGD can be acceptable in serious cases where no (or very
invasive) treatment is available.

It is important for all the above-mentioned indications that the future course
of events is discussed in detail with the prospective parents and, as is standard
procedure with IVF, that this is confirmed in writing.

The scale of need for PGD is unknown

Little information is available as to the quantitative need for PGD in the
Netherlands. In the Netherlands, the number of referrals is about 100 a year, but
the need might be 300 or more patients a year. Factors affecting the number of
PGD procedures include objection to induced abortion, knowledge of its
availability among potential users, access (waiting lists, distance from hospitals
and availability of diagnostic tests), the invasive nature of IVF procedures, and
the likelihood of conception via IVFE. Investigations into any parental preference
between PND and PGD showed little difference, with at most a slight preference
for PGD. But the fact that PND is much more common indicates that the
availability of PGD is a limiting factor. Because of the uncertainty about the
quantitative need, the Committee does not recommend designating a second
centre for PGD in the Netherlands, but the Committee recommends keeping open
the option of setting up a second centre in the future.

Pre-implantation genetic screening

Pre-implantation genetic screening (PGS) involves in vitro investigation of
embryos to detect numerical chromosomal abnormalities (aneuploidies). Most
numerical abnormalities are not compatible with life. Foetuses that are
miscarried are often found to have an aneuploidy and this abnormality is also
common in embryos created by means of IVE. Genetic testing is necessary to
detect aneuploidy. Clinical research is currently being conducted to find out
whether PGS can increase the likelihood of pregnancies resulting from each
implanted embryo being carried to term (thus increasing the success rate of IVF)
and whether this would more often allow one embryo to be implanted instead of
two. This would reduce the chance of multiple pregnancy and the associated
health risks to the children. The purpose of PGS is therefore both to increase the
likelihood of conceiving a child as well as to reduce the likelihood of
complications following IVFE. PGS could also be an alternative to prenatal
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screening for numerical abnormalities in women aged 36 or over who undergo
IVE. At present, this diagnostic method is performed on a few hundred women
who conceive following IVF. It seems likely that many would prefer in vitro
selection.

Little useful research data is available on the effect, reliability and safety of
PGS. Small-scale studies of cases of high maternal age, repeated implantation
failure and repeated miscarriage do not point to any marked improvement in the
likelihood of pregnancy. It also remains unclear whether determination of
numerical abnormalities is an alternative to prenatal diagnosis. More data is
needed before PGS can be carried out or offered as a matter of routine. If further
research shows that PGS increases the chance of a healthy child from each IVF
procedure that is started, then it is important to clearly establish the indications
and to guarantee the quality and safety of the procedures followed.

The quantitative need for PGS is known only partially. The potential need for
PGS as a way of improving the success rate of IVF and/or reducing the chance of
multiple pregnancies following IVF is high, as many thousands of women are
treated for fertility problems every year. It is estimated that at least a few hundred
of these women would prefer PGS to prenatal diagnosis.

Embryo selection for reasons other than PGD or PGS

This advisory report also looks at selection based on the HLA system and
selection for non-medical reasons, though these types of selection do not fall
within the above-described aims of PGD.

The question of selecting a future child on the basis of its HLA system can
arise if a child already born to the couple has a life-threatening condition that
needs stem cell therapy, but no suitable donor is available. Stem cells are rejected
if the HLA systems of the donor and recipient are too different from one another.
The required stem cells can be obtained from the navel cord blood of a brother or
sister with a matching HLA system. The conditions for which this treatment is
carried out include certain forms of leukemia and hereditary anemia that are
associated with a severely diminished life expectancy if a transplant is not
performed. This embryo selection may be an instrumental use of the child, but
the child can also be a welcome and wanted child, irrespective of the reason for
which he or she was created. In the latter case, the life-threatening nature of the
disease can justify HLA typing. Careful counselling is vital, first with regard to
the intention and the capability of parents to take care and to foster the child, but
also because there are practical limitations. On average, only one in four
embryos is suitable. The success rate of IVF procedures is another limiting
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factor. The question of whether the condition is hereditary and whether IVF and
PGD have already been carried out for that reason is not of critical importance.
Opting for an IVF procedure in the case of a non-hereditary condition can be
acceptable in view of the interests of the sick child. Selection then has an indirect
medical reason; curing the previously born child. Furthermore, in view of the
practical limitations and for other reasons, it is also desirable to encourage the
availability of stem cells from non-related donors.

The literature does not only report medical reasons for carrying out in vitro
genetic research on embryos. Parents might be able in the future to choose from a
wide variety of characteristics that they want their children to have. Although the
applications discussed above are all carried out with a view to reducing suffering
from disease, these choices would be directed at a particular desirable
characteristic or ability (for example, muscle strength or gender). Some people
take the view that such choices result in a less ‘open future’ and may be
experienced as damaging by the child. The embryos’ right to protection and the
invasive nature of IVF procedures are also reasons for objection to selection.
Furthermore, sex determination with no medical indication may also amount to
discrimination. Other people offer parental autonomy as a counter-argument,
believing that their freedom of choice should carry greater weight. The
Committee does not assess the aforementioned arguments in this advisory report,
but it is of the opinion that the invasive nature of IVF procedures is an important
argument for restricting pre-implantation investigation to the indications referred
to above. The Committee notes with this that the debate on embryo selection for
non-medical reasons reaches beyond the boundaries of healthcare. A special
situation arises when the sex is known as a result of the PGD or PGS procedure
(which was carried out for a medical reason) and a choice is possible without
further interventions being required. In 1995 the Health Council issued a report
stating that there was little objection in that situation to respecting the parents’
wishes. The Committee also now has no weighty objections against this,
provided that indeed no further interventions are carried out (no additional
diagnostics or IVF cyclus).

Legislation and regulations

The legislation and regulation of genetic testing of embryos vary considerably
from country to country. Some countries have no rules, others prohibit such
action, and some countries impose certain conditions on PGD and PGS. Some
countries prohibit these procedures while permitting abortion, while others
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prohibit abortion but allow PGD. HLA typing with a view to stem cell
transplantation is permitted in some countries.

PGD can be carried out in the Netherlands at Maastricht University Hospital.
HLA typing with a view to stem cell transplantation is prohibited, but the
Committee is of the opinion that it should be acceptable under the conditions
discussed above. Regulations (the planning decree) should provide an
opportunity for this. The term PGS refers to screening, but the procedure is not
strictly speaking screening in the sense of the Population Screening Act as it is
not carried out on people and as, when performed as a result of impaired fertility,
it is performed in the context of a medical complaint. Scientific investigation of
embryos with a view to improving treatments for impaired fertility is permitted
under the Embryo Act. The Central Committee on Research involving Human
Subjects (CCMO) has issued permits for PGS trial protocols to four centres.
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Chapter

1

Introduction

1.1

The development of pre-implantation genetic diagnosis

In vitro fertilisation (IVF) is used to increase the likelihood of pregnancy in cases
of impaired fertility. Soon after the procedure’s viability was clinically
demonstrated, people began to point out that IVF could also enable the testing of
embryos for genetic abnormalities prior to their transfer to the uterus. That would
require the development of ways of performing diagnostic tests on very small
quantities of cell material (Ser04). Much of the pressure to develop such tests
came from the parents of children with serious hereditary diseases, who were
reluctant to accept the abortus provocatus risk associated with prenatal
diagnostic testing. The first instance of such testing was in 1990, when embryos
were gender-tested and selected in vitro in order to exclude the possibility of
serious X-chromosomal conditions (adrenoleukodystrophy and X-linked mental
retardation; Han90). Since then, many hundreds of pre-implantation diagnostic
tests for hereditary diseases and chromosome abnormalities have been performed
on embryos around the world (GerO1, Ver02, ESH02; see also Table 1 in 2.1).

The two main pre-implantation genetic diagnosis (PGD) techniques are
fluorescence in situ hybridization (FISH) and polymerase chain reaction (PCR).
The former is used almost exclusively to detect chromosome abnormalities, and
the latter to detect DNA-level mutations.

Chromosome abnormalities may be structural, as with translocations, which
involve segments of different chromosomes being interchanged. Alternatively,
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the abnormalities may be numerical, in other words, involving the presence of an
abnormal number of chromosomes. Such abnormalities frequently lead to
miscarriages and are believed to influence the likelihood of an IVF procedure
being successful. Numerical abnormalities can be detected using FISH, which
enables up to ten chromosomes to be viewed in one cell. The possibility of
making all chromosomes readily visible by means of so-called comparative
genomic hybridization (CGH) or using a PCR panel is currently being
investigated. Which chromosomes can be examined for numerical abnormalities
using FISH depends on the estimated prevalence of those abnormalities and on
the technical possibilities. Where structural abnormalities are concerned, it is
necessary to know what chromosome abnormality to look for. Testing for DNA
mutations is always preceded by family research. The diagnostic test methods for
detecting mutations that have been thoroughly described in the scientific
literature, such as those frequently associated with cystic fibrosis (CF), have
been defined in detail. However, methods for the detection of some rare
mutations still need to be developed and tested before PGD can be used.

1.2

Terminology: diagnostic testing and screening

If someone has health problems, and a test is performed to ascertain whether he
or she has a particular disease, one speaks of diagnostic testing. If the same test is
made available to everyone, or to everyone in a particular population group,
without the people concerned seeking medical assistance, that is usually referred
to as screening. Depending on the type of condition tested for and the nature of
the test, a licence may be required under Population Screening Act 1992 (WBO).
In practice, however, the term ‘screening’ is not restricted to screening as defined
in the WBO, but is also applied to any large-scale test programme.

If, at the request of the parents, a pre-implantation test is performed on an
embryo to ascertain whether the embryo is affected by a genetic condition that is
known to be present in the family, the procedure may be regarded as testing in
connection with a health problem. The test may therefore be described as a form
of diagnosis: pre-implantation genetic diagnosis. Such testing may relate to a
monogenetic Mendelian inherited disease (caused primarily by a mutation in a
particular gene) or to structural abnormalities in the chromosomes. Diagnostic
testing is PGD in its narrowest sense.

The situation is more complex if it is not clear whether there is any elevated
risk of a genetic abnormality. In an IVF process, more embryos are usually
created than are transferred to the uterus. From those embryos, a selection is
made on the basis of morphological criteria, with a view to transferring those that
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are thought most likely to lead to pregnancy and birth. There is reason to believe
that testing for numerical chromosome abnormalities (aneuploidies) may
increase the prospect of a successful outcome (see Section 3). Furthermore,
better embryo selection would make single-embryo transfer viable in more cases.
Such testing is sometimes described as ‘pre-implantation genetic screening’
(PGS). The term ‘screening’ is used in this context because the procedure is
performed without any prior indication that there is an elevated risk of a
particular abnormality. However, if one considers impaired fertility to be a health
problem and to be indicative of the potential presence of an aneuploidy, testing
for the abnormality is not strictly screening, but a diagnostic procedure inherent
to good medical care.

In the USA, the term PGD is applied to both types of testing (AsrO1). In the
UK, both terms are used. The European Society of Human Reproduction and
Embryology (ESHRE) uses the terms PGD and PGD-AS, where AS stands for
aneuploidy screening (ESH02), and has recently also adopted the term PGS
(ESHOS5D). In the Planning Decree on Clinical Genetic Testing and Heredity
Counselling, the terms PGD and PGS are both used. In the latter context, PGD
refers to testing in the case of an individual at elevated risk of having a child with
a serious genetic condition or disease; PGS is the routine examination of
embryos ahead of transfer (Pla03). The latter distinction is applied in the context
of the report now before you.

As well as the qualitative distinction between PGD and PGS, there is also a
quantitative distinction. Internationally, PGS is more commonplace than PGD. In
the USA, thousands of pre-implantation tests are performed every year, an
estimated three quarters of them for aneuploidies (Kul02, Ver04). In the
Netherlands, PGD tests are performed between fifty and a hundred times a year;
while PGS takes place only in the context of scientific research. There are about
14,000 IVF cycles performed a year, with one in every sixty-one children now
being the product of IVF (Kre02). Consequently, the number of PGS procedures
is potentially far higher than the number of PGD procedures.

In this report, testing to determine the genetic characteristics of embryos in
vitro for reasons other than those described above, which does not qualify as
diagnostic testing or screening, is referred to as pre-implantation genetic testing.

1.3

Issue addressed

Recent developments could lead to significant qualitative and quantitative
changes in the use of PGD and PGS. The State Secretary of Health, Welfare and
Sport asked the Health Council to report on the possible applications of such

Introduction

19



procedures (Annex A). The Committee has accordingly deliberated on the
following issues and problems:

1

Medical science is identifying the DNA mutations associated with an
increasing number of conditions. The identification of pathogenic mutations,
combined with the development of reliable and sensitive detection methods,
is leading to increasing demand for PGD. Under the Planning Decree,
diagnostic testing for such conditions may be carried out only at one
particular designated centre (Maastricht University Medical Center; Pla03).
In due course, a second centre may be designated. It is not clear how quickly
the demand for PGD will develop, and whether it is necessary to designate a
second centre.

In other countries, PGD is indicated for less serious conditions. That brings
the criteria applied in the Netherlands — and the consistency of those criteria
with those applied in the context of prenatal diagnostic testing — into
question.

Another pertinent question is what to do about the potential for detecting
recessive hereditary disease carriership. The carrier of such a disease does
not normally develop the disease him/herself. Is it ethical, therefore, to select
non-carrier embryos for transfer ahead of otherwise identical carriers, on the
basis of diagnostic testing?

If there is a risk of a serious hereditary disease that does not manifest itself
until later in life, prospective parents may wish PGD to be undertaken, but
not to be told whether they themselves are liable to develop the disease.
There is debate regarding the acceptability of methods that might make this
possible.

In some countries, pre-implantation genetic testing is allowed for the purpose
of determining embryonic HLA type, thus enabling in vitro selection of
embryos that may eventually provide a source of umbilical cord blood for the
donation of stem cells. This gives rise to the question: are the interests of the
sick child sufficiently great to justify the use of IVF and selection on the
basis of HLA type, both in circumstances involving a hereditary disease
where the birth of a second child with the same disease can be avoided by the
use of PGD, and in circumstances where it cannot.

In the international literature, there has been debate regarding selection on
the basis of gender or on other non-medical grounds. One topical aspect of
that debate is the acceptability of including additional selection criteria in
circumstances where PGD is medically indicated or IVF performed due to
impaired fertility.
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7 In the Netherlands, PGD for a serious potential condition is relatively
uncommon. Influential factors in that regard include the prospects of IVF
being successful and the adverse aspects of the IVF procedure. Whether
demand is likely to increase therefore depends partly on developments in the
field of IVE. PGS is one such development. Numerical chromosome
abnormalities are quite common in embryos. Selection for embryos with the
correct number of chromosomes might increase the chances of IVF being
successful. If so, the demand for PGD could well increase. However, it is not
clear whether and, if so, to what extent there is likely to be a positive
influence on IVF outcomes.

8 The use of PGS may serve various purposes. First, it may influence the
likelihood of having a child. If it boosts the probability of pregnancy, it may
also mean that multiple embryo transfer is not necessary in as many cases.
That would be desirable insofar as multiple pregnancies more commonly
involve health problems for mother and child. Furthermore, for women
undergoing IVF, PGS may serve as an alternative to prenatal screening for
trisomy.

9 TItis vital to know how reliable and safe the PGS technique associated with
each of the above-mentioned applications is.

10 In the literature, a great deal of attention is devoted to the ethical and legal
aspects of PGD and PGS. The ethical discussions concerning PGD tend to
centre on the indications for which this form of diagnostic testing may be
considered acceptable. Where PGS is concerned, one of the key issues is
whether any ethical distinction should be made between the in vitro selection
of embryos on the basis of genetic characteristics and selection on the basis
of morphological criteria. From a legal perspective, it is important to decide
whether PGS falls within the scope of the Population Screening Act (WBO).

14

Methodology of the Committee

Current scientific knowledge and thinking in this field and the questions raised
by the State Secretary of Health, Welfare and Sport were discussed by the
Committee that compiled the report now before you. The Committee included
experts active in various fields of science and health care relevant to PGD and
PGS. The members of the Committee are listed in Annex B. The Committee
consulted scientific literature on PGD and PGS via PubMed and scientific
journals (see Literature). This advisory report has been reviewed by the Standing
Committee on Genetics and the Standing Committee on Health Ethics and
Health Law. In the preparatory phase, Ms. A. Knaapen contributed to the
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compilation of the report during her internship at the Department of Scientific
Dynamics at the University of Amsterdam.
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Chapter

2

Pre-implantation genetic diagnosis

This Section deals with the technique of PGD and its application in connection
with monogenetic conditions and chromosomal translocations (2.1), and contains
an analysis of the ethical issues associated with various applications (2.2).

The quantitative demand for PGD and the possible expansion of capacity to
two centres in the Netherlands are discussed in 2.3.

2.1

Monogenetic conditions and chromosomal translocations

This Section provides a summary of the PGD technique, which is considered in
more detail in Annex C. The information leaflet published by the Maastricht
University Medical Center is appended (Annex D). Before PGD can take place,
an ovum has to be fertilised by an in vitro procedure. The IVF procedure is
preceded by hormone stimulation and surgical puncture for the purpose of ovum
collection. Thereafter, a sperm cell has to be introduced to the ovum. In the
context of PGD on the basis of polymerase chain reaction (PCR), introduction is
by means of intracytoplasmic sperm injection (ICSI), in order to minimise the
risk of diagnostic errors caused by the presence of sperm cells clinging to the
ovum. The success rate in IVF is relatively low (20 to 25 per cent per initiated
cycle) and the procedure has adverse implications for the woman concerned.
When the embryo is at the 6 to 10-cell stage, one or two cells are removed for
biopsy. This very small quantity of cellular material quickly undergoes genetic
diagnosis involving one of several methods, such as PCR and FISH. If this
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analysis indicates that the embryo possesses the relevant genetic characteristics,
and if the morphological characteristics are also positive, the embryo is
transferred to the uterus in the hope that it will implant and that pregnancy will
follow.

Research into the risks associated with PGD (and PGS) indicates that the
main problems are inherent to the related IVF procedures. Hormone stimulation
and ovum collection have adverse implications for the woman. ICSI and cell
biopsy do not appear to have any negative effect on embryo development, but
relatively little research has been done in this field (Vos01, Mag04; see also
Annex C). Neonatal morbidity and mortality are more common following IVF
than following natural fertilisation. This is due mainly to the increased frequency
of multiple pregnancy associated with IVF (Fau05). Perinatal mortality is at least
four times as high for twins as for single foetuses and the risk of premature birth
is 7 to 40 times as high. The prevalence of disabilities in twins and triplets is,
respectively, 1.5 times and twice as high. Table 1 contains a summary of the
monogenetic conditions for which PGD is undertaken in various countries. The
summary disregards blood group testing (Rhesus, Kell; ESHO5a). The conditions
in question include those that result in a strongly reduced life expectancy and
diseases such as phenylketonuria and medium chain acyl-CoA dehydrogenase
deficiency, which are considered treatable if detected in good time, and Charcot-
Marie-Tooth disease, which does not bring any reduction in life expectancy.

PGD can be used for the detection not only of monogenetic conditions, but
also of structural chromosome abnormalities (ESHO5a). Such abnormalities may
be deletions (where a segment of chromosome is missing), translocations (where
segments of chromosomes switch places) and translocation-related partial triso-
mies (where a segment of a particular chromosome occurs three times instead of
two). Distinction is made between reciprocal translocations, where terminal seg-
ments are interchanged, which occur in roughly one in every five hundred peo-
ple, and Robertsonian translocations, where two whole chromosome arms are
interchanged, which occur in one in a thousand people. If the interchange does
not involve any genetic material being lost, the translocation is said to be
balanced. Generally speaking, the carriers of balanced translocations are pheno-
typically normal. However, 50 to 70 per cent of the gametes of translocation
carriers exhibit unbalanced combinations (Gar96), resulting in repeated miscar-
riages or in offspring with congenital abnormalities. Translocation may also be
associated with a higher prevalence of numerical chromosome abnormalities in
the ova (Puj03). If chromosome testing reveals that a parent carries a structural
abnormality, it is usually possible to test the associated embryos for the abnor-
mality in vitro. This generally involves using the FISH technique (see Annex C).
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Table 1 Monogenetic conditions that are the subject of PGD testing. (Sources: Bra02, Har02b, Hel02, Rec02, Tho02, Gir03,
Rec03, Ver03a, Ver03b, Die04, Dru04, ESHO5a, Hej04, Hel04a, Alm05, Kul05, Ste05a, Sim05.)

Adrenogenital syndrome
Adrenoleukodystrophy
Agammaglobulinaemia
Alzheimer’s disease

Alport syndrome

Angelman syndrome

Ataxia telangiectasia

Barth syndrome

Becker’s muscular dystrophy
Beta-thalassaemia

Breast cancer, hereditary
Canavan’s disease

Central core disease

Ceroid lipofuscinosis
Charcot-Marie-Tooth disease
Crouzon syndrome
Currarino syndrome

Cystic fibrosis

Duchenne muscular dystrophy
Dysautonomia, familial
Ectodermal dysplasia
Epidermolysis bullosa

Familial adenomatous polyposis coli

Familial amyloid neuropathy

Fanconi’s anaemia

Fragile X syndrome

Gaucher’s disease

Gorlin syndrome

Haemophilia A

Haemophilia B

Brain tumour (hSNF5), familial

Holoprosencephaly, familial

Holt-Oram syndrome

Hunter’s syndrome (MPS II)

Huntington’s disease

Lesch-Nyhan syndrome

Li-Fraumeni syndrome (p53)

Long chain 3-hydroxyacyl-CoA
dehydrogenase deficiency

Marfan’s syndrome

Medium chain acyl-CoA dehydrogenas
deficiency

MELAS?

Myotonic dystrophy

NARP?

Neurofibromatosis types 1 and 2

Osteogenesis imperfecta

Ornithine transcarbamylase deficiency

Phenylketonuria

Retinitis pigmentosa

Retinoblastoma (hereditary)

Rhizomelic chondrodysplasia punctata

Sanjad-Sakati syndrome

Sickle cell anaemia

Spinal muscular atrophy (Werdnig-
Hoffmann disease)

Spinocerebellar ataxia

Stickler syndrome

Tay-Sachs disease

Thalassaemia alpha

Thalassaemia beta

Tuberous sclerosis

Tyrosine hydroxylase deficiency

Von Hippel Lindau syndrome

Wiskott-Aldrich syndrome

a2 MELAS: mitochondrial myopathy, encephalopathy, lactate acidosis and stroke.

b NARP: neurogenic muscle weakness, ataxia and retinitis pigmentosa. MELAS and NARP are caused by mitochondrial

DNA mutations.

Table 2 Maastricht PGD results for the period 1993-2003.

Condition Patients Cycles Births Multiple births
started

Huntington’s disease 20 46 11 2 sets of twins

Myotonic dystrophy 8 20 0

Spinocerebellar ataxia type 3 4 5 2

Tuberous sclerosis type 1 1 2 0

Polyposis coli 1 1 0

Cystic fibrosis 17 45 1

Spinal muscular atrophy 7 8 3 1 set of twins

Fanconi’s anaemia 1 1 1

Tyrosine hydroxylase deficiency 1 1 0

Fragile X syndrome 5 9 3 1 set of triplets

Gender-related conditions? 33 77 21 5 sets of twins

(FISH method)

Structural chromosome abnormalities 22 45 6

Total 120 260 48 8 sets of twins,

1 set of triplets

2 Fragile X-syndrome, Duchenne or Becker muscular dystrophy, haemophilia A or B.
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However, if the abnormality is of maternal origin, the diagnostic testing may also
be performed on the polar bodies (Mun98; see Annex C).

At Maastricht, PGD is carried out in connection with various conditions (Die04;
see Table 2). The list of conditions is defined partly by demand from parents and
partly by the technical possibilities. The number of referrals has stabilised in
recent years at approximately 100 a year (Die04).

2.2

Ethical aspects of PGD

PGD prompts ethical questions of various types. First there is the question of
whether it is acceptable to perform PGD at all; then there are questions regarding
the acceptability of particular applications. The inherent acceptability of PGD
has been discussed in various earlier Health Council reports (GR89, GR9S,
GRO1a, GR0O3). In those reports, the Council cites various arguments and
considerations, on the basis of which PGD is considered acceptable in certain
circumstances. In this report, two of those considerations — the moral status of
the embryo and the respect and care for people with a medical condition or
handicap — are briefly re-stated. Thereafter, the moral points that need to be taken
into consideration in order to decide whether a particular application is
acceptable are covered. The moral acceptability of the various applications is
then addressed in the Sections that follow.

221

Moral considerations concerning the acceptability of PGD
Moral status of the embryo

There is a wide range of opinion regarding the status of an embryo and therefore
the protection that should be afforded to it. Some commentators suggest that an
embryo deserves complete protection; others that it is not entitled to any special
protection. In an earlier Health Council report, three schools of thought regarding
the moral status of the embryo were characterised (GR98). First, there is the view
that an embryo in vitro deserves the same protection as a person after birth.
Second, there is the view that an embryo in vitro deserves no protection. It is
worth noting that the latter view does not imply that absolutely anything can be
done with embryos in vitro; their ‘symbolic value’ alone may be sufficient to
preclude certain uses. Finally, the third view is that an embryo in vitro has a
relative status and therefore deserves some protection. That third view is also set
out in other Health Council reports: an embryo in vitro does have a status, but
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that status is relative and may be outweighed by other interests (GRO1b). The
Embryo Act is based on the same belief (Emb02). Opinion differs as to whether
an embryo/foetus deserves more protection as it develops (Rei93).

If one holds the religious or philosophical belief that an embryo has an
absolute right to protection throughout its development, and one therefore rejects
the use of IUDs (‘coils’) and IVF, it follows that pre-implantation genetic
diagnosis is also unacceptable. The Roman Catholic Church is opposed to
artificial reproduction and believes that human life begins at the time of
conception. For these and other reasons, the church condemns IVF (Con87) and
therefore the use of PGD. The Greek and Russian Orthodox churches take a
similar stance. On the other hand, various Protestant churches, including the
Anglican Church and some Lutheran churches, consider IVF and PGD to be
acceptable, subject to certain conditions (Sch00). The procedures are also
acceptable within Islam and Judaism, because these religions subscribe to the
view that an embryo does not acquire the essential characteristics of a human
being until some time after nidation (Sch97, Ser0O1, Daa01). It is argued by some
that protection should be afforded to cells extracted from embryos in vitro for
diagnostic testing, since such cells could in theory become embryos (Hoe03).
Such cells are referred to as totipotent, i.e. capable of developing into any type of
body cell, including gametes (Alb02). However, medical science is not yet able
to develop embryos in vitro from extracted totipotent cells.

The Committee subscribes to the view set out in earlier Health Council
reports, namely that an embryo has a relative status, which may be outweighed
by other interests.

Respect and care for people with disabilities

Opposition to PGD has also been voiced on the grounds that it is indicative of a
lack of respect for people with disabilities (Ste02a). From this so-called
‘disability rights’ perspective, the practice of PGD is perceived to imply that
people with certain diseases and/or disabilities are unwanted. People who
subscribe to this view are opposed not only to PGD, but also to invasive prenatal
diagnostic testing. The counterargument is that considering a medical condition
to be undesirable does not imply any lack of respect for the individuals who
exhibit that condition (GRO1b, Ste02a). What is unwanted is not the person, but
the impact of the health problem on the person who has it and on his/her family.
In an earlier report, the Health Council stated that objections based on disability
rights were not persuasive in relation to a parent’s desire not to have a child with
a serious medical condition (GRO1b).
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In addition, concerns have been expressed regarding the possibility that less
care might be available to people with (hereditary) diseases and disabilities if
their conditions were perceived to be preventable by screening. However, the
Committee does not regard such a scenario as plausible. No reduction in the
availability of care occurred following the introduction of invasive prenatal
diagnostic testing. On the contrary, the amount of care provided (in the
Netherlands and in the USA) increased in the period after those test techniques
became available (GalO1, Ste02a).

The Committee is not persuaded by objections to PGD based upon the moral
status of the embryo or perceived discrimination against people with disabilities.
Nevertheless, the Committee would not wish to see a situation in which the
availability of PGD gives rise to social pressure to make use of it. Furthermore,
as indicated in earlier Health Council reports, the retention of solidarity should
remain an important focus (GR94, GRO1b).

222

Moral considerations determining the acceptability of PGD applications

In this Subsection, the Committee identifies the considerations that determine the
moral acceptability of PGD applications. The considerations in question are used
to assess the acceptability of various applications in the following Subsections.

An embryo’s relative entitlement to protection

In the previous Section, the point was made that opinion differs as to whether the
relative entitlement to protection of an embryo/foetus increases as it develops
(GR98, Wer99). The view one takes on the latter question has an important
bearing on the question of whether the indications for PGD should or should not
be the same as the indications for PND. If an embryo’s status prior to
implantation is less than that of a foetus, should the restrictions on the use of
PGD be less strict than those that apply to PND? This question is addressed in
Subsection 2.2.3.

The advantages and disadvantages of IVF/PGD

An IVF procedure is necessary for PGD. The strain and risks associated with IVF
are important factors to be taken into account when considering the acceptability
of an application. The moral principle of non-maleficence requires that no injury
is caused or harm done to others and the principle of beneficence that action is
taken to prevent or alleviate injury or suffering and to promote the welfare of
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others. Where IVF/PGD is concerned, account has to be taken of the possibility
of the woman suffering complications (infection, ovarian hyperstimulation
syndrome, increased likelihood of sectio caesarea being required in a multiple
pregnancy), the adverse aspects of the treatment and the elevated risk of neonatal
morbidity and mortality (see also Annex C). The prospects of the woman
becoming pregnant with a child that does not have the relevant genetic condition
needs to be weighed up against the risk of complications and the strain associated
with the treatment. Those prospects and that risk are influenced by various
factors, including the woman’s age, and are therefore case-specific to a large
extent. The assessment also needs to consider the advantages of PGD over PND.
The use of PND often results in the parents having to decide whether to abort a
pregnancy. With PGD, parents are generally spared that particular decision,
because embryos are examined in vitro (although it should be noted that,
following PGD, PND is still needed in 4 cases out of 45 (Die04)). Hence, PGD
prevents the psychological and moral difficulties and physical risks associated
with abortion. Furthermore, the use of PGD reduces the period of uncertainty
regarding the genetic status of the embryo.

Respect for the client’s entitlement to make an autonomous choice

As indicated in Subsection 1.1, much of the pressure to develop PGD came from
the parents of children with serious hereditary diseases. However, little research
has been done into the views of couples faced with a choice between invasive
genetic diagnosis and PGD. The aspects of PND highlighted as particularly hard
for prospective parents to deal with included the possibility of abortion and
having to wait a long time (during the pregnancy) for the results of the invasive
diagnostic tests; the most difficult thing associated with PGD was the IVF
procedure. Women in the USA and Scotland at elevated risk of having a child
with a genetic condition expressed a slight preference for PGD (Per91, Mie93).
However, amongst beta-thalassaemia carriers in Italy, a substantial majority (73
per cent) preferred PGD (Pal94). By contrast, couples in England were more
likely to opt for invasive diagnostic testing, although this may have been partly
attributable to the long waiting list for the alternative (Sno97). Researchers in the
UK and Spain sought the views of couples that had gone through the PGD
procedure. Most (76 per cent) said that they would choose PGD again (Lav02).
Couples that wish to have diagnostic tests performed and also require IVF due to
impaired fertility understandably tend to prefer PGD.
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A survey by the Association of Cooperating Parents’ and Patients’
Organisations found that the parents of patients had a slight preference for PGD.
However, only a small number of people were interviewed (Lig04).

The principle of respect for clients’ freedom of choice has an important
bearing on the moral acceptability of particular applications. However, that does
not imply that freedom of choice should be unlimited. Earlier Health Council
reports made the point that the objective was not to maximise the autonomous
reproductive decision-making per se (GRO1b). The primary reason for making
PGD available is the prevention of serious suffering.

Professional responsibility of the doctor and other care providers

PGD is possible only in combination with IVF, which requires the involvement
of a doctor and other care providers. A doctor who provides IVF treatment does
so with the aim of bringing about pregnancy and thus the birth of a child. The
doctor consequently shares a degree of responsibility for the welfare of the
unborn child. The doctor is also professionally responsible for the welfare of the
client. Hence, IVF entails a double professional responsibility: the doctor is
responsible for the consequences of his/her actions not only for the welfare of the
client(s), but also for the welfare of the unborn child (GR97, GR98).

The existence of this double responsibility constitutes an important
distinction between IVF/PGD and PND. Where PND is concerned, if prenatal
testing is indicated, the couple or the woman is free to decide whether to proceed
and, if so, what to do in light of the results. The provision of PND respects the
principle of non-directivity, i.e. the principle that a genetic counsellor should not
advise the client and or guide the client towards a particular course of action. By
contrast, a doctor providing IVF/PGD shares responsibility for starting a
pregnancy, implying that he or she has to consider the interests of the child when
deciding whether it is appropriate to proceed.

In the ethics literature, different opinions are expressed as to the extent of the
doctor’s responsibility for the welfare of the unborn child. Three standards are
recognised (Pen99, Wer99, Bol04):

1 the maximum welfare standard: one must not contribute to a child being
brought into the world under non-ideal circumstances

2 the reasonable welfare standard: medical reproductive assistance is
acceptable if the resulting child has a reasonable chance of a reasonable
quality of life (Arr90, Wer99)

3 the minimum threshold (or welfare) standard: a child is harmed only by being
born into an intolerable existence.
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In its report In vitro fertilization (IVF), the Health Council states that it should be
a criterion for the provision of IVF that the doctor sees no significant risk of the
child suffering serious harm (GR97). The Committee considers that the
application of this criterion strikes the best balance between the potentially
conflicting professional responsibilities to respect the autonomy of the
prospective parents and to protect the interests of the child produced by IVE.
Hence, medical reproductive assistance may be withheld in the interest of the
child, if there is a significant risk of serious harm. This implies a degree of
constraint on prospective parents’ freedom of choice concerning PGD. Difficult
situations can arise if Huntington’s disease is observed in a prospective parent: is
it in the interest of the resulting child to provide PGD if he or she is going to
grow up with a parent who has a serious untreatable disease with behavioural
implications? And what if a prospective parent is considered liable to behave in
an aggressive or uncontrolled way, e.g. because he or she is at risk of frontal lobe
dementia. With late-onset diseases, such as Huntington’s disease, this question is
also relevant to the assessment of non-disclosure tests (see 2.2.5). Finally,
problematic situations can arise with embryo selection if, for example, there is
disagreement between parents and treatment providers regarding embryo
implantation (e.g. if the PGD is inconclusive or if the parents have already been
through several unsuccessful PGD cycles and have come to the point where they
favour the implantation of an embryo that carries the mutation). In such
situations, there is a moral obligation to consider the interests of any child
produced by IVF.

223

Indications for PGD and invasive prenatal diagnostic testing (PND)

At present, PND is indicated where there is a substantially elevated risk of a
serious condition (GR98). PGD is also indicated only for serious conditions: the
prospective parents must be at elevated personal risk of having a child with a
serious genetic condition or disease (Pla03).

The indication is limited to serious cases partly because of the embryo’s
protected status. However, there are sometimes compelling reasons for PGD,
such as the prevention of serious suffering. Because PGD is performed at a
relatively early stage in the development of the embryo, it has been suggested
that the indication for PGD could possibly be defined more leniently, allowing its
use in connection with less serious conditions than PND. However, any such
relaxation is justified only if one accepts that an embryo acquires protected status
progressively — in other words, if a foetus deserves protection more (possibly a
lot more) than an embryo in vitro. The arguments made to support that viewpoint
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have been set out in earlier Health Council reports (see GR98). If protected status
is acquired progressively, PGD may well be preferable to PND. For the sake of
completeness, it is pointed out that some authors suggest that, in addition to the
qualitative considerations, a quantitative consideration should be taken into
account, namely that the number of embryos lost in vitro in the context of IVF is
greater than the number of abortions associated with PND (Bot98, Ste02a).
Setting aside the question of the progressive acquisition of protected status, there
are various reasons why the Committee concludes that both PGD and PND
should be indicated only where there is an elevated personal risk of a serious
disease. PGD necessitates IVF treatment, which has adverse aspects and entails
risk for the prospective mother and the resulting child (see Annex C).
Furthermore, the chances of a successful outcome to an IVF procedure are fairly
low, especially if the treatment is followed by PGD: depending on the hereditary
pattern of the relevant condition, either a quarter or half of the embryos created
will on average be unsuitable for transfer to the uterus (GR03). This raises the
question of what should happen if a woman needs IVF anyway, due to a medical
indication such as tubular pathology: should PGD still be made available only if
there is an elevated personal risk of serious disease? After all, the reasons for not
making it available (the adverse aspects, the risks and the relatively poor
prospect of success) cease to apply, because the PGD will not add to the
disadvantages that will be experienced in the context of the medically indicated
treatment. Notwithstanding these considerations, the Committee believes that the
indication for PGD should remain unaltered in the circumstances described. The
reasons being that, as indicated above, pregnancy is less likely to occur when
PGD is used (fewer embryos are available for transfer), so it is more likely that
additional IVF cycles will be required (with the associated adverse aspects and
risks).

The information given to clients regarding the various indications for PGD
should of course address the technical limitations of the procedure and the
difficult situations that can arise in the context of embryo transfer (e.g. what will
happen if the diagnostic tests are inconclusive and if numerous suitable embryos
are identified). As in an IVF procedure (CBOO03), in a PGD procedure agreement
should be reached about what is and is not possible and the details recorded in
writing. The agreement should cover the possible use of cryopreservation (the
freezing of morphologically sound embryos without the relevant genetic
abnormality, for possible subsequent transfer).

Restriction of the use of PGD and PND to serious conditions is liable to raise
the question of what constitutes a serious condition. A precise definition of
‘serious condition’ is not possible in practice. There are sound arguments for not
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defining a list of serious conditions: (i) a given condition can vary considerably
in terms of both genotype (various mutations) and phenotype (various
manifestations), (ii) perceptions of seriousness can vary from one family to the
next, under the influence of psychological and socio-economic factors, and (iii)
the list would need continual revision in line with scientific developments. As
things stand, a decision is made by the professional practitioners in consultation
with the parents as to whether a case involves a serious condition.

224

Selection on the basis of carriership

PGD can also reveal whether an embryo carries a particular gene. The male
carrier of an autosomal recessive condition has a mutation on one of the two
relevant chromosomes. In such cases, the condition is not usually manifest in the
carrier. A female carrier of an X-chromosomal condition has the relevant
mutation on one of the two X-chromosomes. Such a female carrier will not suffer
from the relevant condition, or at least not as badly as her male counterpart. In
the case of an autosomal dominant condition, someone with a mutation on one
chromosome will be affected by the condition, and a person who carries the
mutation on both chromosomes will suffer from it much more badly.

Prospective parents may sometimes ask for embryos to be selected on the
basis of carriership because they perceive carriership to be a burden on a child.
Selection on that basis is sometimes possible without any additional procedures
being required. If, with a view to excluding the possibility of a serious autosomal
condition, embryos are examined to identify those that have a mutation on both
chromosomes, the procedure will also identify those that are merely carriers (i.e.
have only one mutation). In most cases, the conditions involved will be
autosomal-recessive conditions. Occasionally, however, the tests will be
performed for autosomal dominant conditions. If, for example, both parents have
a particular disease (e.g. familial hypercholesterolemia or Charcot-Marie-Tooth
disease), they may want PGD because a child with two mutations would be very
seriously affected. Similarly, if embryos are examined to identify those that will
manifest X-chromosomal conditions, the procedure will allow the identification
of carrier-embryos (female embryos with one mutation). In such cases, selection
on the basis of carriership will be possible without any additional procedures
being required. A further IVF cycle is amongst the procedures that need to be
considered in this context; this is significant insofar as the prospects of
pregnancy may be diminished by the selection process. If the embryos include
both carriers and non-carriers with good morphology, selection does not
influence the chances of pregnancy, provided that non-transferred,
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morphologically sound embryos are put into cryogenic storage so that, if the first
transfer does not lead to pregnancy, a further IVF cycle is not needed. A previous
Health Council report (on gender testing for non-medical reasons) indicated that,
in such cases, there can be little objection to complying with the parents’ wishes
(GR98). The Committee believes that the same applies in the circumstances
described here.

In terms of the acceptability of the testing, there is in principle no difference
between X-chromosomal and autosomal recessive or autosomal dominant
inheritance. However, there is a significant statistical difference. Where an X-
chromosomal condition is concerned, an average of one in three embryos in
which the condition is not manifest will nevertheless carry the mutation. Where
an autosomal recessive or autosomal dominant condition is concerned, the figure
is two in three. This clearly has implications in terms of the scope for selection.

In the Committee’s view, the acceptability of selection in circumstances
where additional procedures are needed depends primarily on the extent to which
carriership would be a burden on a child. The extent to which that is the case
differs considerably, depending on the condition. Many people who know that
there is a sizeable risk that they will pass on a serious condition to their offspring
are troubled by that knowledge. With X-chromosomal conditions, such as
Duchenne muscular dystrophy and adrenoleukodystrophy, there is a 50 per cent
risk that the son of a female carrier will inherit the disease. Female carriers
sometimes exhibit symptoms of the disease as well. Although such females
suffer much less than males in whom the disease is manifest, the symptoms
constitute a significant burden. Selection on the basis of female carriership may
entail the female offspring of female carriers, or the female offspring of males
with manifest conditions such as haemophilia (A or B). In the latter case, all
female embryos will be carriers. Any associated pre-implantation genetic testing
is therefore concerned exclusively with female carriership, and acceptable only if
carriership of the particular mutation constitutes a serious condition.

With an autosomal recessive condition, it is much less likely that the child of
a male or female carrier will inherit the condition. In the case of cystic fibrosis
(CF), the risk is about 0.8 per cent, for example. With almost all other autosomal
recessive conditions, the chances of inheritance are even smaller. Furthermore,
most carriers of both sexes are usually asymptomatic. The associated burden is
therefore much smaller and selection on the basis of the mutation in question is
appropriate only in exceptional cases. Naturally, the conditions involved also
vary in their seriousness and treatability, and the variations have a significant
bearing on the associated burden.
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The Committee believes that, in each case, the possibilities need to be
discussed with the parents. In some cases, carriership will represent a serious
burden sufficient to justify selection, even if this implies additional procedures.
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Exclusion tests and non-disclosure testing

Where a serious, late-onset, untreatable condition is concerned, a prospective
parent who requests PGD may not wish to be informed about his/her own genetic
status (see also GRO3; the acceptability of PGD or PND for such serious
conditions is not in dispute). Typically, concern about the condition will have
arisen because one of the prospective parent’s own parents has developed it.
Knowing that one is going to develop a disease of this kind is a major
psychological burden and it is common for the sufferer’s children to opt not to be
informed of their own status. However, the wish to remain in ignorance of their
own status can be difficult to reconcile with the wish not to pass the condition on
to the next generation.

In some cases, however, those two wishes can be reconciled. It may be
possible, for example, to determine the prospective parent’s genetic status
without telling him/her what has been established. This is referred to as ‘non-
disclosure testing’. The drawback of this approach is that it sometimes implies
the ‘unnecessary’ use of IVF in cases where the care providers in the clinic or at
the laboratory already know that the client does not have the genetic defect in
question (Bra98, Ser02).

Another possibility is ‘exclusion testing’. This is possible if it is known
which embryos cannot carry the mutation because they have inherited the
relevant gene from a grandparent who does not have the mutation in question. If
only these embryos are transferred to the prospective mother, the possibility of a
child with the condition being born is excluded (exclusion testing; Qua87, Bra98,
Ser02). One drawback with exclusion testing is that it involves the rejection of
embryos that have inherited a non-mutated gene from the grandparent with the
condition (the chance of this happening is 25 per cent). Another problem is that
the approach involves IVF/PGD treatment even in cases where the client is not in
fact at risk. As indicated in Subsection 2.2.2, the interests of the child produced
by IVF should also be considered. In that context, it is relevant that the ultimate
outcome of the procedure may be that a child has to grow up in a family where
one of his/her parents has a serious untreatable disease (Mou(04). However, as
explained in the latter Subsection, the Committee believes that medical
assistance with reproduction is acceptable if any child thus produced has a
reasonable chance of a reasonable quality of life (the intermediate standard;
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Arr90, Wer99). The risk to the child is not sufficient to justify a categorical
prohibition on exclusion testing. Rather, each case should be judged on its
merits. If, for example, the prospective parent is liable to develop a serious
hereditary disease, consideration should be given to how the other parent is likely
to cope, given his/her social network, with the possibility that the carrier may
develop and die from the disease in the near future, and the risk of serious
behavioural problems (and their likely influence on the child) (GRO03).

The Committee takes the view that, in the case of a serious untreatable
condition such as Huntington’s disease, the psychological burden of knowing
about one’s genetic status is sufficient to justify the use of exclusion testing. In
this context, the Committee emphasises the importance of good information and
counselling. Clients must be fully informed about what is possible, what the
limitations are and what the drawbacks are (e.g. the adverse aspects of IVF
treatment for the woman), so that both prospective parents are able to arrive at a
free, informed decision.

22.6

Mendelian conditions with variable expression or incomplete penetration

With a monogenetic condition, the risk of a child being affected is either 25 or 50
per cent; geneticists refer to this as Mendelian inheritance. However, there can be
major differences in manifestation, involving the seriousness of the disease and
the age at which it develops. This phenomenon is known as variable expression.
It is also possible for a monogenetic condition to manifest itself in only some of
the affected individuals; this is referred to as incomplete penetration.
Predisposition to cancer on the basis of a mutation in the BRCA1 or BRCA2
gene can illustrate both phenomena (Cob02). The same mutation can lead to both
breast cancer and ovarian cancer (variable expression). The likelihood of an
affected individual developing each of these two forms of cancer differs.
Moreover, not everyone who carries the mutation will develop either form
(incomplete penetration).

In practice, there is relatively little demand for PGD in connection with
hereditary predisposition to cancer. Assistance is generally sought by families in
which one parent has already been affected and the disease has also manifested
itself in another first-degree blood relative (Rec02). Whether a Mendelian
inherited condition with variable expression or incomplete penetration forms an
indication for PGD (and prenatal diagnostic testing) depends on the likelihood of
the disease, the age at which the condition usually manifests itself, the clinical
seriousness and the adverse aspects of any available treatment. On the basis of
experience with PGD for hereditary colorectal cancer, it has been argued that
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requests for assistance should be assessed on a case-by-case basis (Edi04). The
fact that one is dealing with the chances of disease and averages of seriousness is
not a valid reason for precluding the use of PGD for this type of condition.

Whether PGD is indicated depends on the merits of the individual case. The
maintenance of a list of qualifying conditions has been rejected for various
reasons (see 2.2.3).

227

Multifactoral conditions

Multifactoral conditions are conditions that typically have one or more genetic
components and are also influenced by environmental factors. The repetition risk
is greater than the population risk, but smaller than the 25 or 50 per cent
associated with Mendelian inherited conditions. However, variable expression
and incomplete penetration (see 2.2.6) have the effect of rendering the distinction
between monogenetic and multifactoral conditions somewhat arbitrary. Within
the latter group, congenital abnormalities may be distinguished from late-onset
conditions. Congenital multifactoral conditions include neural tube defects and
heart defects. Cancer, cardiovascular disease and psychiatric conditions
generally fall within the second category. Many multifactoral conditions are
chronic. Sometimes, within a particular category, it is possible to identify a
subgroup with a Mendelian inheritance pattern, as is the case with breast and
colorectal cancer (see 2.2.6). It is only where such subgroups are concerned that
PGD is a viable option, to which the criteria set out in Subsection 2.2.6 apply.
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Multiplex genetic testing

In the request for advice, the Health Council was asked to consider the question
of multiplex genetic testing. Although multiplex testing is a method and not a
reason for PGD, it does raise ethical issues that may appropriately be examined
in the present context, because of their potential future relevance to PGD.

Rapid advances both in understanding of the human genome and in technical
capabilities have made it possible to screen several genes at once. A DNA
sample can be amplified by PCR, then numerous characteristics can be
simultaneously studied on a micro array chip. This form of testing is known as
multiplex genetic testing. It can be used to establish which genes are expressed in
a particular tissue. Whether it is possible to reliably screen individual cells in this
way has yet to be established. Hence, it is unclear whether multiplex testing is
viable for embryos in vitro. However, it is not efficient to perform a multiplex
test with the very small quantity of DNA yielded by a single cell, if many times
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as much material can be obtained from a drop of parental blood or a cheek swab.
Multiplex genetic testing of parental DNA can establish whether there is a
previously unrecognised risk of a child having a hereditary condition. This
approach can shed light on the risk of various autosomal recessive and X-
chromosomal conditions; autosomal dominant conditions will normally have
already manifested themselves in the family. Consequently, multiplex genetic
testing of embryos is not relevant. Multiplex test kits for hereditary conditions
are already commercially available to parents, including kits designed to enable
couples of Ashkenazi Jewish origin to test themselves for mutations that are
common in that population group (Lei05).

The availability of multiplex testing raises questions about informed consent
(Wer99). Can clients be expected to digest the volume and complexity of
information needed to understand what is involved? Should the requirement that
practitioners provide information be relaxed and should the information provided
be more general? Some commentators argue that generic consent should be
sought: general information should be given before the test, followed up with
more detailed information only if the subject is found to be a carrier. Proponents
of such an approach argue that explaining all the issues surrounding a multiplex
test implies providing far more information than most clients can be expected to
take in, and that a generic procedure would be more cost effective. However, the
Committee considers such an approach to be inconsistent with the principle of
informed consent, which requires that people must always be enabled to arrive at
a considered decision.

The screening of parents for genetic conditions by means of multiplex testing
requires careful assessment, like any other form of screening. The Health
Council’s report on genetic screening sets out criteria for the assessment of
screening programmes (GR94). One aspect that distinguishes multiplex testing
from other forms of testing is the volume of information that needs to be made
available to prospective clients (see also GR03). The Committee emphasises that
particular attention needs to be given to the question of informed consent under
such circumstances (Wer99).

229

HLA typing

Pre-implantation genetic testing is used not only to detect conditions of the kinds
referred to above, but also to establish an embryo’s HLA type, with a view to
enabling the treatment of a seriously ill older child by means of stem cell
transplantation. For children with certain life-threatening diseases such as
Fanconi’s anaemia, a stem cell transplant is the only effective therapy. If no
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suitable donor is available, parents may consider IVF followed by embryo
selection on the basis of pre-implantation genetic testing as a means of having a
child whose umbilical cord blood may be used after its birth for treatment of the
older child (Ame99, Ver0Ola). If the condition affecting the older child is a
hereditary disease, PGD can also be used to ensure that the implanted embryo
does not have the condition as well. Under such circumstances, the testing has
two purposes: to prevent disease in a child produced by IVF and to treat disease
in a living child. However, where conditions such as therapy-resistant leukaemia
are concerned, pre-implantation genetic testing serves only to determine whether
an embryo’s HLA type is suitable.

Scientific advances have brought substantial improvements in the methods
used to replace malfunctioning stem cells with donor cells (as evidenced, for
example, by the outcomes of transplants performed in the Netherlands to treat
children with aplastic anaemias; Ste02c). To date, only a few thousand umbilical
cord blood stem cell transplants have been performed anywhere in the world
(mainly for the treatment of children with acute leukaemia or cancer; Ben04).

A significant practical problem is that the procedure often does not have the
desired outcome. On average, only a minority of the embryos created will have
an HLA type that is compatible with that of the sick older child. The chance of a
tissue match between siblings is roughly 24 per cent (50 per cent per parent,
corrected for the possibility of recombination; the chance of a tissue match
between non-siblings is negligible). Where a hereditary disease is concerned,
there is also the risk that the embryo in vitro will have the condition as well (with
thalassaemia and comparable conditions, there is a 25 per cent chance). Another
limiting factor is the likelihood of IVF leading to pregnancy, which diminishes as
the mother gets older. Clients need to be fully informed about these chances.

In various countries, there is debate regarding the acceptability of HLA
typing as described. Demand is driven mainly by the lack of donors. Action to
reduce the donor shortage (e.g. increasing blood bank facilities) can therefore be
significant in this context. The UK’s Human Fertilisation and Embryology
Authority (HFEA) and the Victorian Infertility Treatment Authority in Australia
have both ruled that the HLA typing of embryos in vitro is acceptable in life-
threatening situations (HfeO1, Spr02, Hfe04). HLA typing of this kind is
permitted in various other countries as well (see 4.1). In the Netherlands,
however, PGD for the purpose of securing the birth of a child that can be used as
a donor for another child is deemed unacceptable (P1a03).

Setting aside the question of whether it is the mother or the child who acts as
donor when umbilical cord blood is donated, interpretation of the rules that apply
in the Netherlands depends to a significant extent on whether ‘for the purpose of’
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implies ‘for the sole purpose of” (Pla03). Pre-implantation genetic testing may
also have the purpose of diagnosis with a view to excluding the possibility of
bringing into the world a child with a hereditary disease. Under such
circumstances, the procedure has both a direct medical purpose (prevention of
disease in a child produced by IVF) and an indirect medical purpose (treatment
of disease in an older child). However, even if the former reason does not exist,
as in the case of a child with therapy-resistant leukaemia, for whom no donor is
available, the parents may want HLA typing and selection. If so, there is an
indirect medical reason for the procedure, which is not strictly consistent with the
classic medical model for PND and PGD, since the procedure does not entail the
investigation of (the risk of) a health problem in a child produced by IVF.
However, the purpose of the medical intervention remains the treatment of a
child with a life-threatening condition.

Opponents of in vitro HLA typing argue that the procedure effectively
involves using one child (the child produced by IVF) as a resource for the
treatment of another child (the older sick child). However, this argument cannot
justify a categorical prohibition. First, the parents may wish to have another child
as well as wishing to preserve the health of their existing child. Second,
donorship does not necessarily imply ‘instrumentalisation’. Even if the desire to
have another child stems initially from the wish to save an existing child, it does
not follow that having another child will not be regarded as an end in itself or that
the child will be cherished any less than the first (Wer0O3b). The inherently
reasonable wish to enable the treatment of a sick older child by securing a source
of umbilical cord blood for the transplantation of stem cells (GR02) is quite
compatible with the wish to have another child for its own sake. What matters is
that the additional child is wanted, regardless of the initial motivation for its
conception (Mun04). Under such circumstances and subject to careful
counselling, the in vitro HLA typing of embryos can be acceptable (Pen02,
Wer03b, Hfe04). The Ethics Committee of the European Society of Human
Reproduction and Embryology has also indicated that such typing is not
unacceptable (‘if parents intend to love the child’; She05). It has therefore been
proposed that parents should be allowed to make their own decisions, in
consultation with their doctors (Bre02).

The distinction between hereditary and non-hereditary conditions is defended
on the grounds that, in the case of a hereditary condition, the parents could have
opted for PGD anyway (HfeO1, Mun(4). Because of the invasive nature of the
procedure and the risks potentially associated with the biopsy, the HFEA initially
authorised in vitro HLA typing only in cases involving serious genetic
conditions. Furthermore, typing was restricted to cells that had already been
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removed from the embryo for the purpose of genetic diagnosis. The latter
restriction was withdrawn in 2004, however, after the HFEA concluded that there
was no evidence that HLA typing entailed added risk to the embryo (Hfe04). The
Committee similarly believes that the distinction between hereditary and non-
hereditary conditions is not of decisive significance: the interests of the sick child
are the same, regardless of whether the condition is hereditary, and the additional
burden on the prospective mother stems from the adverse aspects of an IVF
procedure, which, while not inconsiderable, are not disproportionately great.

An important consideration for practitioners is that the number of people
likely to want in vitro HLA typing is likely to be small, given the prevalence of
the relevant conditions.

The Committee is of the opinion that HLA typing for the purpose of enabling
a stem cell transplant for the treatment of an older child with a life-threatening
condition is justifiable. The acceptability of such a procedure is conditional upon
the possibility of other suitable therapies having been considered, all reasonable
steps having been taken to find a suitable donor through the donor banks around
the world and proper counselling having been provided (in which context the
relatively small chance of finding a suitable embryo is covered).

2210

Non-medical reasons

In addition to the medical reasons for pre-implantation genetic testing discussed
above, a number of non-medical reasons are referred to in the scientific
literature. Embryos in vitro may be tested for genetic characteristics that are not
related to disease, but to physical or psychological capabilities. Distinctions
between health and ill health and between medical and non-medical reasons are
not always easily drawn. In bio-medical terms, for example, health may be
defined as the normal function of a typical member of a species. That definition
requires the existence of a context, within which a particular physical function
may be judged healthy or unhealthy. Colour-blindness, for example, is a neutral
phenomenon; a social and cultural context is needed to attach a value to it
(Hav98). It has also been said (in the context of the funding of IVF) that the
concept of a ‘medical indication’ is not a well-defined criterion, but ‘a practical
normative construct in which medical and social justifications are woven
together’. However, the fact that no clear criterion exists for distinguishing
between the medical and the non-medical does not of course imply that
assistance should be made available through the health care system for all kinds
of non-medical purposes. There is a difference between a request for medical
assistance with a health problem and a request for assistance from parents who
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wish to have a child that conforms to a particular ideal. However, it is important
to specify the medical and normative considerations that determine whether a
given application of pre-implantation genetic testing is justified. For example,
parents who have a particular hereditary form of deafness may sometimes wish
to have a child who has this characteristic (GR03). Such parents might wish to
have pre-implantation tests performed in order to select embryos that have the
relevant predisposition to deafness. Proponents of this application argue that
deafness is not a medical condition, but a normal variation, which one may
reasonably select in favour of (Rob03). On the other hand, it may be argued that
deafness is a disability and that a doctor must not cooperate with the deliberate
creation of a child that has a disability or an illness (GR03). Researchers
investigating the effects of cochlear implants have concluded that deafness limits
a person’s ability to participate in social intercourse (GRO1c). While that
conclusion has been disputed, there is sufficient reason to be cautious about
accepting deafness as a normal variation.

In the future, it might become possible to select in favour of, for example,
intelligence or athletic ability. A few years ago, it was suggested that such forms
of selection were not feasible, because the relevant characteristics were highly
complex, only partially genetically determined and influenced by a large number
of genes (Bot98). However, a lot has already been learned about the genes that
influence characteristics such as memory and muscle power.

Pre-implantation testing and selection for non-medical reasons (outside a
medical setting) are defended on the grounds that parents are autonomous and
therefore free to choose what characteristics they wish their children to have
(Rob92, Sav01). Proponents of this school of thought argue that objections to
IVF are not decisive, particularly not in the case of a couple that requires the
procedure anyway for reasons of impaired fertility. However, it is not only
because of the need for IVF that people are opposed to in vitro selection for
desirable characteristics. The possible development of a ‘market’, with parents as
consumers and children as products, is seen as undesirable because of its impact
on parent-child relations (Ann94). In such a scenario, a child might be perceived
not to meet its parents’ expectations. Some commentators have therefore
contended that, while freedom of choice might be the corollary of parental
autonomy, it does not respect the autonomy of the child produced by IVF
(Cla02). Selection for particular forms of a gene might subsequently be
perceived by the child to unreasonably restrict his/her freedom (Dav97, Bot98).
Another objection to this form of selection is that it would exacerbate
inequalities of opportunity for future children, with existing inequalities
amplified by the fact that selection would be affordable only for wealthier
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members of society (Ann94). Moreover, it is feared that the ability of some
people to afford selection would tend to divert personnel and other resources
away from health care. A publication by the Royal Dutch Academy of Science
highlighted the (undesirable) possibility that, in the future, there could be social
pressure to allow embryo selection for non-medical reasons (KNAWO04).

In this report, no attempt is made to weigh up the relative merits of the
arguments for and against selection on non-medical grounds. Nevertheless, the
Committee believes that the adverse aspects of IVF amount to a strong argument
for restricting pre-implantation testing to the indications mentioned earlier. Even
if IVF is indicated for a couple on the grounds of impaired fertility, selection
necessitates additional procedures and may reduce the chances of pregnancy. The
Committee’s standpoint does not imply that the other arguments set out above
are invalid. Moreover, the considerations referred to in Subsection 2.2.2 are also
relevant in this context. However, the Committee makes the point that the
acceptability of embryo selection for non-medical reasons is an issue that
transcends the health care domain.

As alluded to in the request for advice, a special situation arises if the gender
of an embryo is already known from a PGD or PGS procedure. That is usually
the case if PGD is performed in connection with an X-chromosome mutation.
PGS could also reveal an embryo’s gender, because it involves determining the
number of X-chromosomes. If then a selection has to be made from a number of
embryos that are deemed suitable for transfer, the questions arise: who may
decide which embryos will be used, and on what grounds. Given that the
embryos in the selection pool are deemed equally suitable in medical terms, the
choice could be left for the treatment provider to make on a ‘blind’ basis.
Alternatively, the prospective parents could be involved in the decision-making
process, although there are no medical selection criteria that they could apply
either. In a 1995 report, the Health Council indicated that, in such circumstances,
little more was expected than that any preference that the parents might have
should be respected (GR95). The situation is different if additional procedures
are required, in which case the report advises caution (GR95). A further IVF
cycle that could be avoided by cryopreservation is considered to be an additional
procedure in that context. The Committee is of the opinion that, if (and only if)
suitable embryos of both genders are available, it is acceptable for the choice of
embryos for transfer to be made on the basis of consultation between treatment
provider and prospective parents. In line with standard IVF practice, a written
record should be kept of the agreed procedural arrangements.
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Estimation of the demand for PGD

PGD is an important option for couples if there is a serious hereditary condition
in the family and they have profound moral or other objections to abortus
provocatus. As indicated in Subsection 2.2.3, there appears to be a preference for
PGD ahead of PND, but the research data are sparse and involve small numbers
of parents. Furthermore, the scientific literature suggests that there are certain
categories of disease for which PGD is more often preferred to invasive prenatal
diagnostic testing. The diseases in question tend to be those for which treatment
is available, but which are nevertheless frequently associated with serious
problems, such as haemophilia, and untreatable late-onset diseases, such as
Huntington’s disease. The PGD Centre in Maastricht is currently comparable in
size to most other European centres. There are roughly a hundred referrals a year
(Die04). Approximately fifty referred couples embark on IVF treatment each
year, resulting in about a hundred IVF cycles a year. The other couples cannot be
assisted for technical or ethical reasons, or IVF/ICSI is not possible, or the
couples themselves decide against PGD (common reasons being the waiting time
and the distance to the centre).
In relation to the question of whether it is desirable to have a second PGD
centre in the Netherlands, the following considerations are relevant:
a The existing waiting time in Maastricht (a year; this is linked to the fact that
there is as yet no policy directive on fulfilment of this function)
b The distance to Maastricht (non-central location)
¢ Possible technical limitations (Die04): the development of new diagnostic
tests requires time and resources (see point a)
d Itis not known how many couples in whose families there are serious
hereditary conditions would in principle qualify for PGD in the Netherlands
e The number of couples who actually ask for PGD or information about it is
also influenced by the extent to which PGD is mentioned, along with PND,
as a possibility during clinical genetic counselling. Invasive diagnostic
testing is performed in connection with a monogenetic condition or structural
chromosome abnormality about 450 to 500 times a year in the Netherlands
(Wpd00). Therefore, if parents do indeed have a (slight) preference for PGD,
as suggested, the number of referrals could potentially increase to many more
than the existing hundred a year.
f  Another factor that influences the number of couples that request PGD is the
acceptance of and familiarity with PGD within the associations representing
patients with hereditary conditions.
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Any estimate of the demand needs to take account of all the factors referred to
above. All things considered, it appears possible that the latent demand is at least
three hundred patients a year. The Committee considers it undesirable that
waiting times and travel times should have a major bearing on prospective
parents’ decision-making when choosing between PGD and PND. The increase
in capacity at Maastricht in line with the policy directive may be expected to
reduce waiting times to an acceptable level and to at least partially satisfy the
anticipated growth in demand.

The Committee explicitly wishes to defer judgement on the question of
whether a second PGD centre should be created in the Netherlands. A conclusion
regarding the desirability of another centre — which needs to take numerous
variables into account, as indicated earlier — cannot be reached until it is known
what influence optimisation of the PGD programme at Maastricht has on the
volume of PGD care in the Netherlands. The Planning Decree allows scope for a
second centre.
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Chapter

3

Pre-implantation genetic screening

In quantitative terms, PGS is a more significant procedure than PGD (Kul02). In
the USA in particular, it is increasingly presented as a ‘normal’ part of IVF,
serving to increase the likelihood of pregnancy. However, the effectiveness of
PGS in this regard is open to question, and it is not clear whether there are any
particular circumstances in which it is indicated.

PGS usually involves the use of FISH, although also PCR and CGH can also
be used. The various methods are summarised in Annex C.

This Section of the report considers the phenomenon aneuploidy and assesses
the effectiveness and acceptability of PGS and the potential demand for it.

3.1

Aneuploidy

It has been known for a long time that aneuploidy, i.e. having an abnormal
number of chromosomes, plays an important role in spontaneous abortion
(Bou73). Aneuploidy often involves the presence of three chromosomes, or one,
where there would normally be two. Such abnormalities are not usually
compatible with life. Furthermore, research involving embryos available
following IVF treatment has suggested that aneuploidy may explain the
relatively low chance of human embryo nidation (20 to 40 per cent). To
compensate for the low implantation rate, it is normal in IVF to transfer more
than one embryo. It has been suggested that pre-implantation testing for
aneuploidy and in vitro selection of embryos with normal chromosome counts
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for transfer could increase the prospects of IVF leading to pregnancy (Mun93,
Wil02). If the chance of nidation per embryo were higher, it would not be
necessary to transfer as many embryos (ideally, embryos should be transferred
singly). In this way, PGS could contribute to the prevention of perinatal mortality
and morbidity associated with IVF-induced multiple pregnancies (Fau05).
However, no randomised research has yet been published showing that this effect
does in fact occur, generally or in certain patient groups.

Aneuploidy in an early embryo may be maternal, paternal or embryonic in its
origin. Aneuploidy of maternal and paternal origin involves, respectively, the
ovum and sperm cell being chromosomally abnormal prior to fertilisation, while
aneuploidy of embryonic origin involves the occurrence of an abnormality
during the division of embryonic cells. If the origin is paternal or maternal, all
the embryo’s cells will usually exhibit the chromosomal abnormality. If an
abnormality occurs at an early stage in the division of embryonic cells, a so-
called mosaic embryo can form, containing both cells with a normal
chromosome pattern and cells with an abnormal pattern (mosaicism). The extent
to which the prospects of IVF leading to pregnancy can be increased by using
PGS depends on, amongst other factors, the frequency of aneuploidy or
mosaicism, the influence of those phenomena on the morphology of the embryo
in vitro, and any damage that may be caused to the embryo by the biopsy.

The risk of aneuploidy depends on the age of the woman (more precisely,
how close she is to the menopause). In women under the age of twenty-five,
aneuploidy is present in 2 per cent of identified pregnancies, while in women
over the age of forty the rate is more than 25 per cent (sometimes a lot more).
Research involving donated ova indicates that the cause of aneuploidy is related
to the age of the ovum (Nav94, Has01). Because of the correlation between
aneuploidy and aging, both the risk of miscarriage and the risk of having a child
with a chromosome abnormality increase sharply with age. Conversely, the
likelihood of pregnancy decreases sharply.

Studies of ova and embryos from couples registered with IVF clinics have
revealed high but extremely divergent aneuploidy percentages (Ser04). One
study of chromosomes in ova from women with an average age of thirty-eight
found abnormalities in 52 per cent of the ova (chromosomes 13, 16, 18, 21 and
22, examination of first and second polar bodies; Kul03a). Another chromosome
study, involving women aged nineteen to forty-six, found abnormalities in
roughly 20 per cent of the ova (Pel03). Studies of embryos in vitro have indicated
aneuploidy percentages ranging from 20 to 90 per cent (Jam94, Del97, Coo04,
Kah04, Ser04, Sta04). Uncertainty as to the prevalence of aneuploidy is
attributable to several factors. First, only a small number of chromosomes were
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examined in each study. It is unclear how much higher the aneuploidy percentage
would be if a larger number of chromosomes were examined. Also of
significance is whether the chromosome patterns of one or two blastomeres were
studied and how discordant results were interpreted in the light of possible
mosaicism. Furthermore, some of the studies used embryos that had been judged
unsuitable for transfer on account of their morphology. Such embryos exhibit an
above-average rate of aneuploidy (Bal04). Most abnormalities occur at meiosis
of the ovum, but the study of sperm cells from men who had been classified as
infertile has also revealed above-average rates of aneuploidy (Tem04).

As well as generating uncertainty about the prevalence of aneuploidy, the
occurrence of mosaicism has an important bearing on the reliability of PGS and
on the influence that PGS has on the prospects of IVF leading to pregnancy
(discussed in Subsection 3.2). If mosaicism is present, a studied cell is not
necessarily representative of the chromosomal composition of the other
embryonic cells (Baa05). Significantly, the removal of a cell also influences the
numeric ratio between normal and abnormal cells. If an abnormal cell is
removed, a higher proportion of the remaining cells will be normal, and vice
versa (Los04). A study that involves the examination of two blastomeres will
yield a statistically more reliable result, but discordance in the results is liable to
arise (Baa04). Data on the prevalence of mosaicism are sparse (the ratio between
chromosome abnormalities of meiotic and mitotic origin can only be estimated).
Due to mosaicism, aneuploidy testing of a single cell is estimated to lead to
erroneous diagnosis in 6 per cent of the examined embryos (Ser04). Further
research is needed in order to reach firm conclusions regarding the reliability of
PGS (Kat05).

The significance of aneuploidy (and mosaicism) for the likelihood of IVF
resulting in pregnancy depends not only on the prevalence of aneuploidy, but
also on its relationship with morphology. Embryos are selected for transfer on the
basis of their morphological characteristics. Therefore, the closer the relationship
between morphology and aneuploidy, the less influence PGS is likely to have on
the outcome of the IVF process (Alm96, Bor(05). Although aneuploidy does
indeed appear to be less common in embryos with a morphologically normal
pronucleus (26 per cent, compared with 73-83 per cent in embryos with
anomalies; Bal04), the correlation is not sufficiently strong to make PGS
superfluous. Another important factor is whether the PGS procedure itself, in
particular the removal of a cell, has any (negative) influence on the outcome of
IVE.

It is not known how much influence the described effects have on the
likelihood of IVF resulting in pregnancy. If pregnancy has not been achieved
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despite prolonged efforts, it is likely that other significant factors are also at work
(Emi05). One influence that receives particular attention in the literature is the

availability of the adhesion proteins required for nidation. A deficiency of these
proteins may adversely affect the chances of pregnancy (Les02, Mac02, Gen03).

Researchers have reported that PGS increases the prospect of the nidation of
a transferred embryo (Mun02b). The number of spontaneous abortions also
appears to be lower following PGS (Mun02a). The process seems to be
particularly beneficial for older women (KulO3b). The reader is, however,
referred to Subsection 3.2.

The research into the relationship between aneuploidy and IVF raises certain
questions. One is whether PGS leads to the exclusion of mosaic embryos, which
could in fact have resulted in healthy pregnancies (the number of abnormal cells
being small and selection against those cells being possible). Another pertinent
question is at what stage of embryonic development it is best to investigate
chromosomal make-up. It may be significant for the prospects of success that,
when PGS is involved, the embryos are generally transferred to the prospective
mother on day 4 or 5, compared with day 3 in conventional IVF. Furthermore, it
is not clear what effect blastomere biopsy has on the cryopreservability of
(surplus) embryos.

3.2

Effectiveness of PGS

In order to assess the effectiveness of PGS, it would be helpful to know the
number of live births per treatment started. However, no value is clearly stated
for that parameter in any of the published study reports. In most cases, no figure
is reported for the number of ongoing pregnancies either. In this Section,
therefore, reference is made mainly to the implantation rate (likelihood of
nidation), pregnancies (hCG detectable) and clinical pregnancies per cycle, and
miscarriages per clinical pregnancy. It is often unclear from the reported data
whether the number of cycles equates to the number of treatments started (with
hormone stimulation) or to the number of surgical ovum punctures performed
(see Annex C; IVF procedure).

3.2.1

Elevated maternal age

Only two randomised studies into the effectiveness of PGS in older women are
reported in the literature (WerO3a, Sta04). The first study involved just seven
PGS patients and twelve control patients and yielded little useful information
(Wer03a). The second, performed at the Free University in Brussels, involved
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four hundred couples, 148 PGS cycles and 141 control cycles (Sta04, Pla05a). In
the PGS group, eighty-one embryo transfer procedures were performed
(involving an average of 2.0 embryos); in the control group, the figure was 121
(with an average of 2.8 embryos). No statistically significant differences in
outcome were observed. The research did, however, shed additional light on the
causes of infertility (Pla05a).

In addition, six non-randomised comparative studies have been reported
(G1a97, Gia99, Mun99, Kah00, Oba01, Mun03). In some cases, the same data are
reported in more than one publication (Gia97, Gia99, Mun99). The control group
used by some researchers consisted of younger patients who had experienced
repeated implantation failures; the results of the research in question are not
therefore considered here (Kah(00). Other researchers reported only data on
patients who had progressed to the embryo transfer stage of the process; only the
implantation figures and miscarriage figures from this source have been used
(Mun99). The data from the other studies are included in the summary,
regardless of any irregularities or weaknesses in the methodology. Hence, the
data presented below exhibit inconsistencies in the minimum age for inclusion,
which varies from thirty-five (Mun99, Mun03) to forty (Oba0Ol). This may
influence the results, because PGS may be more effective in older women
(Gia99, Mun03, Oba01). Another methodological weakness is disparity between
the PGS and control groups in terms of the number of embryos transferred. It
appears that, in all the studies, the average number of embryos transferred was
higher in the control group than in the PGS group.

If, despite the various problems referred to above, the data are collated
(Tables 3, 4 and 5), PGS appears to result in significantly improved nidation in
older women. However, this does not translate into an increased likelihood of
(clinical) pregnancy, probably because, in the PGS groups, fewer embryo
transfers were performed, as a consequence of the rejection of embryos
following PGS and the phenomenon known as ‘unit-of-analysis error’. The latter
entails statistical conclusions being drawn in the context of a randomised
controlled trial, regarding a unit other than that which was randomised: a practice
that is methodologically flawed. In this case, the error involved a trial in which
the women were randomised (making the woman the unit of analysis), but
conclusions were drawn regarding the embryo implantation rate.

PGS appears to be associated with fewer miscarriages per clinical pregnancy.
However, no usable data are available on the number of ongoing pregnancies per
cycle or the number of live births per cycle.
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Subanalysis on the basis of age indicates that the PGS effects referred to
above increase with maternal age (Gia99, Mun03, Oba01). PGS also appears to
be more effective as the number of embryos available for analysis increases

(Mun03).

Table 3 Effect of PGS - maternal age — comparative studies.

Outcome indicator Ref. PGS % Control % OR RR

CI 95%* CI 95%
Implantation Gia99, Mun99, 150/781  19.2 170/1451 11.7 1.79 (1.40-2.29) 1.64 (1.34-2.01)
(per embryo) Mun03, Oba01
HCG+ (per cycle)® No data
Clinical pregnancy Gia99, 28/100 28.0 44/153 28.8 0.96 (0.53-1.75) 0.97 (0.65-1.45)
(per cycle) Oba01
Ongoing pregnancy No data
(per cycle)
Miscarriages per Gia99, Mun99, 8/70 11.4 22/79 27.8 0.33 (0.13-0.87) 0.41 (0.2-0.86)
clinical pregnancy Oba0l

CI: confidence interval
b HCGH+: positive pregnancy test

Table 4 Effect of PGS - maternal age — polar bodies biopsy (comparative study).

Outcome indicator Ref. PGS % Control % OR RR

CI 95% CI 95%
Implantation Mon04a 33/214 15.4 63/490 12.9 1.24 (0.76-1.99) 1.20 (0.81-1.77)
(per embryo)
HCG+ (per cycle) Mon0O4a 34/140 24.3 59/279 21.2 1.20 (0.72-1.99) 1.15 (0.79-1.66)
Clinical pregnancy Mon04a 27/140 19.3 49/279 17.6 1.12 (0.64-1.95) 1.10 (0.72-1.68)
(per cycle)
Ongoing pregnancy Mon04a2 22/140 15.7 39/279 14.0 1.15(0.63-2.09) 1.12 (0.69-1.82)
(per cycle)
Miscarriages per Mon04a 527 18.5 10/49 20.4 0.89 (0.23-3.3b)  0.91 (0.35-2.38)

clinical pregnancy

a2 HCGH+: positive pregnancy test
b not accurate
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Table 5 Effect of PGS - maternal age — randomised studies.

Outcome indicator Ref. PGS % Control % OR RR

CI95% CI 95%
Implantation Sta04 28/164 17.1 39/338 11.5 1.58 (0.90-2.76) 1.48 (0.95-2.32)
(per embryo)
HCG+ (per started cycle) ~ Sta04, Wer03a  32/207 15.5 42/212 19.8 0.74 (0.43-1.26) 0.78 (0.51-1.19)
Clinical pregnancy Sta04 22/200 11.0 30/200 15.0 0.70 (0.37-1.31) 0.73 (0.44-1.23)
(per started cycle)
Ongoing pregnancy Sta04 22/200 11.0 29/200 14.5 0.73 (0.39-1.37) 0.76 (0.45-1.27)
(per started cycle)
Miscarriages per Sta04 0/22 0 1/30 33 - -

clinical pregnancy

3.22

Repeated implantation failure

The only outcome indicator used in the randomised study into the effect of PGS
on repeated implantation failure (WerO3a) was pregnancy (hCG) and the number
of patients involved was small. In addition, five non-randomised studies have
been reported (Gia97, Gia99, Kah00, Peh03, Mun03). There is some overlap in
the reported data (Gia97, Gia99). One study, in which PGS for patients with an
average age of thirty following repeated implantation failure was compared with
PGS for patients with an average age of 38 years has not been included in this
summary (Kah00). Of the data from another study, only the implantation figures
have been included (Mun03).

The data presented in Table 6 do not indicate that PGS has any clear effect on
repeated implantation failure. However, the small number of cycles involved
may be a factor. It appears that embryos may implant more readily following
PGS, but some of this effect may be due to the high maternal age in one research
(Mun03: average maternal age is forty, compared with thirty-one to thirty-three
in the other study), and to the effect of the unit-of-analysis error once more (see
3.2.1).
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Table 6 Effect of PGS - repeated IVF/ICSI failure.

Outcome indicator Ref. PGS % Control % OR RR

CI 95% CI 95%
Implantation Gia99, Mun03, 36/204 17.6 38/312 12.2 1.55(0.92-2.61) 1.45(0.95-2.21)
(per embryo) Peh03
HCG+ (per cycle) Wer03 2/10 20.0 0/9 0 - -
Clinical pregnancy Gia99, Peh03  16/59 27.1 9/39 23.1 1.24 (0.44-3.53) 1.18 (0.58-2.39)
(per cycle)
Ongoing pregnancy No data
(per cycle)
Miscarriages per Gia99, Peh03  2/16 12.5 1/9 11.1 1.14 (0.06-37.8) 1.13 (0.12-10.8)

clinical pregnancy

3.2.3

Repeated miscarriage

In the literature, data regarding the effect of PGS on repeated miscarriage are
sparse (Pel99, Rub03, Wer(03a, Pla05b). Again, there is overlap in the reported
data (Pel99, Rub03). Although some researchers have reported improvements in
association with PGS, the relevant study did not include a good control group.
Following PGS, 139 embryos were transferred to fifty-eight women who had
suffered repeated miscarriage; the procedures resulted in the birth of thirty-four
children (Mun05). However, it is not possible to know how many children would
have been born following IVF without the use of PGS. In another study, the sole
outcome indicator used was elevated hCG (Wer03a). The influence of PGS both
on implantation and clinical pregnancy and on the miscarriage percentage is
reported in only one study (Rub03). PGS was not found to have any clearly
discernible effect on the number of clinical pregnancies or ongoing pregnancies.
It did appear that the implantation rate was slightly higher in the study group
following PGS, but this effect was apparent only in patients aged thirty-five and
above (Rub03), possibly due to the positive effect of PGS on implantation at
elevated maternal age. In a prospective cohort study (49 women; ongoing
pregnancy as outcome indicator), aneuploidy testing was not found to have any
better effect (Pla05b).

The likelihood of spontaneous ongoing pregnancy following repeated
miscarriage appears to be greater than the likelihood of pregnancy following
IVE, with or without PGS (Bri99, Cli97, Str84). Repeated miscarriage does not
therefore appear to be an indication for PGS.
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Table 7 Effect of PGS - repeated miscarriage.

Outcome indicator Ref. PGS % Control % OR RR

CI95% CI 95%
Implantation Rub03 28/100 28.0 12/56 20.6 1.43 (0.62-3.33) 1.31 (0.72-2.36)
(per embryo)
HCG+ (per cycle) Wer03 7/11 63.3 3/8 37.5 2.92(0.31-30.8) 1.70 (0.62-4.61)
Clinical pregnancy Rub03 23/86 26.7 9/35 25.7 1.02 (0.39-2.76) 1.02 (0.52-1.97)
(per cycle)
Ongoing pregnancy Rub03 9/86 10.5 4/35 11.4 0.91 (0.23-3.81) 0.92 (0.30-2.78)
(per cycle)
Miscarriages per Rub03 3/23 13.0 0/9 0 - -

clinical pregnancy

3.24

Conclusion regarding the effectiveness of PGS

The conclusion is that — although PGS is in increasingly widespread use — its
effectiveness and safety are not yet proven. The few studies so far conducted into
the effectiveness of PGS are hard to compare, because of terminological and
methodological differences.

At higher maternal age, PGS has been found to increase the likelihood of
embryo nidation — in practical terms, to increase the chance of pregnancy per
transferred embryo. However, the increased nidation rate was not associated with
an increased likelihood of pregnancy per started treatment (partly because fewer
embryos are or can be transferred). The percentage of miscarriages per clinical
pregnancy appears to decline following PGS. It has recently become clearer
which subgroups benefit most from PGS, namely relatively old women (>37)
whose IVF treatment leads to the creation of several embryos. Future research
needs to be directed towards ascertaining how effective PGS actually is. Various

randomised controlled trials are currently being performed with that aim in mind.

The data on the use of PGS to assist women following repeated IVF failure or
repeated miscarriage are sparse and provide no clear evidence that the procedure
is effective. More research is required. Nevertheless, it seems improbable that
PGS might be indicated for repeated miscarriage, since the likelihood of a
spontaneous ongoing pregnancy is greater than the likelihood of pregnancy
following IVF (with or without PGS).

The Committee therefore considers it premature to routinely perform PGS or
make it available. If further research should demonstrate that PGS increases the
percentage of started treatments that lead to a live birth, it will be important to
clearly define the circumstances under which PGS is indicated and to take steps
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to assure the quality of the procedures performed. Such research is currently
under way in four centres in the Netherlands, with the necessary consent from the
Central Committee on Research Involving Human Subjects (CCMO).
Information from one of those studies indicates that 54 per cent of the embryos
produced using the ova of women aged thirty-five and above were abnormal, and
that ongoing pregnancy was induced in 16 per cent of the women (Mas04).

In public health terms, the greatest benefit potentially attainable with PGS is
a reduction in the frequency of obstetric and perinatal problems associated with
multiple pregnancies. The Committee attaches great importance to procedural
improvements that contribute to a reduction in the number of multiple
pregnancies. PGS might make it viable to transfer single embryos to the
prospective mother. Another possible reason for using PGS is to avoid the need
for trisomy testing during pregnancy; this would principally involve women for
whom IVF is indicated. However, it has yet to be shown that the technique is
effective and reliable.

3.3

Ethical aspects

The acceptability of PGD was considered in Subsection 2.2.1. The PGD-related
issues surrounding the protection status of the embryo are equally relevant in the
context of PGS. However, it does not follow that, because PGD is acceptable,
PGS is also acceptable, if only because the two differ fundamentally in their
purpose. While PGD is intended to avoid the possible need for abortus
provocatus in circumstances where an unborn child has a serious genetic
condition, PGS is a means of increasing the likelihood of bringing about an
ongoing pregnancy (Mun02a, Kul03b) and reducing the neonatal morbidity
associated with multiple pregnancy (Mac03, Mon04b, Thu04). It is also possible
to use PGS as an alternative to prenatal trisomy testing in women who receive
IVF treatment. In that context, it is important to recognise that, if a screening test
indicates an elevated likelihood of a chromosome abnormality and an invasive
diagnostic test is later performed, there is a risk that the necessary surgical
puncture will lead to miscarriage.

With regard to the acceptability of PGS aimed at increasing the likelihood of
pregnancy, the question is whether that goal is sufficiently important to justify
the genetic selection of embryos. In practice, IVF entails selection on the basis of
morphological criteria, which is not in principle more or less ethical than
selection on the grounds of genetic criteria. In fact, morphological and genetic
criteria overlap to some extent (the number of pronuclei may be indicative of an
abnormal number of chromosomes). Nevertheless, differences between two
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techniques in terms of efficacy or safety may justify permitting one and not the
other. Hence, the Committee takes the view that PGS-based selection with the
aim of increasing the likelihood of pregnancy is no less acceptable than selection
by established means, provided that the PGS technique used is effective and
(where the biopsy element in particular is concerned) safe. The same principle
applies to the use of PGS with the aim of making single-embryo transfers viable.

As well as considering the question of PGS’s acceptability as a method for
increasing the likelihood of IVF resulting in pregnancy or as a method for
reducing the number of multiple pregnancies, it is important to recognise that the
selection of embryos by means of PGS will generally yield information about the
embryo’s gender (see also Subsection 2.2.10) and about certain numerical
chromosome abnormalities that do not always lead to spontaneous abortion. The
risk of such abnormalities can justify prenatal screening (GRO1b). Couples for
whom IVF is indicated may prefer PGS to conventional prenatal testing, because
they are against abortus provocatus and are concerned that invasive diagnostic
testing may lead to miscarriage (see also Subsection 2.2.2). The Committee
considers it acceptable to accommodate such a parental preference by
performing PGS, provided that the effectiveness and safety of the procedure are
assured. If that is the case, couples who undergo IVF should be informed about
the possibility of using PGS in the way described. A pregnant woman has a right
to information about prenatal screening (TK03). Therefore, assuming that PGS is
demonstrably effective and safe, it would be wrong not to tell IVF couples about
the PGS option in good time; that would be tantamount to denying them access
to a less invasive option. In cases where PGS is used, clear agreements should be
made and recorded regarding the procedures to be undertaken, as currently
happens with IVF (GR97, CBO03).

However, as explained above, there is not yet sufficient evidence that PGS is
effective. Consequently, it is not possible to reach any conclusions regarding the
efficiency of PGS or regarding the precise form it might take. Similarly, little is
known about the safety of biopsy. Various researchers have pointed out that the
outcomes following biopsy give no reason to believe that the procedure is
injurious to the embryo (Vos01, Pic03, Mag(04). However, it is not possible to be
sure that it is not injurious (Ver04). The Committee accordingly recommends
that, for the time being, the use of PGS should be restricted to scientific research
aimed at improving IVF treatment. As indicated in Subsection 3.2.4, such
research requires the approval of the CCMO in the Netherlands.
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34

Estimate of the demand for PGS

PGS has the potential to help couples where there is scope to improve the
likelihood of IVF resulting in pregnancy. Improvement in that regard could make
the transfer of single embryos viable. PGS may also play an important role in
situations where there are objections to performing an abortion in the event of the
discovery that an unborn child has chromosome abnormalities that could have
been detected by prenatal diagnostic testing.

In the Netherlands, more than 14 000 programmes of IVF treatment are
provided per year (Kre02). If PGS were demonstrated to be effective and safe, it
is probable that a large number of PGS procedures would be performed. Even if
the indication for PGS were relatively narrow (e.g. if the procedure were
indicated only for women aged thirty-six and above), the number involved would
be considerable. However, as indicated in Subsection 3.2.4, PGS is currently
appropriate only in a research context.

The total number of invasive prenatal diagnostic test procedures performed
in the Netherlands has remained fairly stable since 1995 (Wpd00). About 12 000
procedures are performed each year: approximately 9 000 amniocenteses and
3 000 chorionic villi sampling tests. The number of chorionic villi sampling tests
is in decline. The age profile of the client population is also changing. The
percentage of women over the age of thirty-six undergoing invasive diagnostic
tests has gone down from approximately 45 to 35 per cent since 1995.

However, the number of diagnostic procedures currently performed serves
only as a general guide to the potential demand for PGS. Of the women made
pregnant by IVF at the AMC, 7.5 per cent agreed to undergo invasive prenatal
screening. Extrapolated to the country as a whole, that equates to several hundred
women a year. Given the choice, these women might well prefer PGS, in order to
avoid the possibility of selective abortion. It is not known how many women
who currently decline to undergo screening following IVF might opt for PGS as
a means of reducing the risk of having a child with a chromosome abnormality.
Nor is it known how often women who currently become pregnant without IVF
would, for the same reason, choose IVF plus PGS, or how many women choose
not to have a child because of concerns about the risk of chromosome
abnormalities. Collectively, those various groups of women could generate
considerable demand for PGS.
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Chapter

4

Legislation and regulations

In the Netherlands, the principal legislation governing the use of PGD and PGS
is the Embryo Act (Emb02). More detailed rules are set out in the Planning
Decree on Clinical Genetic Testing and Heredity Counselling (Pla03). This
Section of the report first describes the rules that apply in various countries, then
goes on to pose a number of questions concerning the Dutch regulatory
framework.

4.1

Regulations in other countries

The regulations governing IVF and PGD/PGS vary considerably from country to
country (GunO1, Bra02, Hen04). Some countries have no controls at all, others
apply certain restrictions, and still others prohibit the procedures altogether.

In the USA there are no restrictions; PGS is commercially available in
connection with IVFE. Japan has no statutory controls either (Tak04). In most
European countries, however, PGD/PGS has to comply with certain rules. In
France, PGD is permitted for serious conditions (Viv00). A central Committee
has licensed three centres to perform the procedures (Men04). HLA typing is
permitted in cases where an older child has a life-threatening hereditary
condition (Ste05b). In the UK, the Human Fertilisation and Embryology
Authority allows PGD for serious diseases, as well as PGS and, under certain
circumstances, HLA typing (HfeOl, Hfe04). In Germany, PGD/PGS is
prohibited, as are other procedures not to the particular embryo’s direct

Legislation and regulations

59



advantage; PGD of polar bodies is permitted, however (see Annex C; Gun01,
Sch03). A majority of members of Germany’s national ethics Committee have
called for the law to be changed to allow PGD (Eth03). In Austria, PGD is not
permitted. However, the ban on PGD does not mean that PGS is necessarily
prohibited; in vitro embryo assessment and treatment procedures necessary to
bring about pregnancy are permitted in Austria (Gun0O1). Belgium has no
regulations on PGD/PGS. In Norway, PGD used to be permitted only for serious
X-chromosomal conditions, but is now also allowed for certain other special
purposes (such as HLA typing). In Denmark, PGD is permitted, but the
procedures have to be approved by a central Committee. The Minister of Public
Health can give permission for HLA typing. Sweden also allows PGD. In Italy,
PGD/PGS is prohibited; moreover, the practical effect of the existing legislation
is to make IVF difficult (Tur04). In some non-European countries, the legislation
reflects the view that the status of an embryo in vitro is inferior to that of a
foetus: abortion is prohibited, but PGD permitted (Haz99, Luc01).

In the Treaty of Oviedo, the Council of Europe has prohibited artificial
reproduction techniques whose purpose is to enable gender selection (article 14;
RvVE97). This prohibition does not preclude the use of techniques whose primary
purpose is not gender selection, but which nevertheless reveal the gender of an
embryo, as described in Subsection 2.2.10.

4.2

The Netherlands

In the Netherlands, the Embryo Act provides the regulatory framework for in
vitro procedures with embryos (Emb02). The Act lays down various
requirements that must be satisfied by any research on embryos (whether for
scientific or other purposes). It also contains a number of prohibitions and sets
out rules on information and consent. The Embryo Act is not the only law with
implications for PGD and PGS, however. Other significant legislation includes
the Exceptional Medical Procedures Act, the Termination of Pregnancy Act, the
Medical Treatment Contracts Act (WGBO), and the Population Screening Act
(WBO).

The Embryo Act defines an embryo as a cell or a cohesive body of cells with
the potential to develop into a human being. It is worth noting that an embryo
with an abnormality that is incompatible with life does not fall within this
definition, and that amendment of the Act is therefore desirable (WerO1, Dut03).

Procedures with embryos (and gametes) whose purpose is to enable gender
selection are permissible under the Embryo Act only for the prevention of
serious gender-related abnormalities. A special situation arises where an
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embryo’s gender is already known from diagnostic testing for such an
abnormality or from screening for numerical abnormalities. As indicated in
Subsection 2.2.10, the Committee does not believe that, under such
circumstances, gender selection is inherently unacceptable, provided that no
additional procedures are required. The Embryo Act would appear to allow scope
for such selection (Section 26 of the Act prohibits procedures whose purpose is
gender selection; a situation such as that described would not involve any
procedures).

In this context, it is pertinent to consider whether the selection of embryos on
the basis of gender constitutes discrimination against people of a particular
gender. Although gender selection is not inherently sexist or otherwise
instrumentalising, in international practice gender determination is driven by the
wish to have a son. Doubt has been expressed as to whether further selection on
the grounds of gender and carriership of recessive conditions does actually
require statutory regulation if no additional procedures are required (see
Subsections 2.2.10 and 2.2.4). If not, any difficulties could be satisfactorily
resolved in the context of the doctor-patient relationship (Dut03).

The Act makes no further provisions regarding the non-medical reasons for
the in vitro testing of embryos referred to in Subsection 2.2.10. However,
restrictions may be imposed via the protocol that (under the Planning Decrees)
has to be compiled by any establishment where procedures are carried out with
embryos. The statutory basis for the Planning Decrees in which the rules on the
licensing of particular medical procedures are set out is the Exceptional Medical
Procedures Act.

The legal restrictions mean that PGD is an option only in situations where
there is a substantially elevated risk of a serious condition. As explained in
Subsection 2.2.3, there are sound reasons for not specifying the conditions that
qualify as ‘serious’.

The Planning Decree on Clinical Genetic Testing and Heredity Counselling
(P1a03) excludes PGD for the purpose of HLA typing. In circumstances where a
child has a life-threatening condition, selection on the basis of HLA type could
facilitate the use of umbilical cord blood from a future sibling for stem cell
transplantation. One reason for prohibiting HLA typing is to prevent the
instrumentalisation of a child subsequently produced by IVE. However, as
explained in Subsection 2.2.9, the Committee takes the view that, given the
considerable interest that the sick child has in securing a donor and the probably
minor nature of any negative implications for the child produced by IVF, PGD
for the purpose of HLA typing may be acceptable under certain circumstances. It
is important that the IVF child is not wanted purely to act as a donor, and proper
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counselling must be provided. Further provisions should be made under the
Planning Decree to cover this point. The Committee does not believe that it is
necessary to distinguish between hereditary and other life-threatening diseases in
this context (even though a hereditary disease may have been the reason for
opting for PGD).

Under the Planning Decree, as an exceptional medical procedure, PGD is
permitted in a designated centre (Maastricht University Medical Center). Thus,
the Decree has brought to a close the period in which PGD had experimental
status. Furthermore, the Decree allows scope for the creation of a second centre.
The Committee advises leaving that possibility open for the time being (see
Subsection 2.3).

In vitro procedures with embryos are additionally addressed by the
Termination of Pregnancy Act. Preventing the nidation of an embryo does not
qualify as the termination of pregnancy; because PGD and PGS take place before
nidation, the other provisions of the Act are not relevant.

In the context of PGD and PGS, as in the wider field of IVEF, clients must be
properly informed and written consent must be obtained for any procedure
undertaken (see Subsections 2.2.3-5, 2.2.9-10 and 3.3). These requirements stem
from the WGBO, which gives certain general directions. The Planning Decree on
In Vitro Fertilisation focuses mainly on how long surplus embryos are retained
and what they may be used for (Pla98). If it is scientifically demonstrated that
PGS is a safe and reliable alternative to prenatal screening for couples receiving
IVF treatment, the information provided to such couples would need to highlight
PGS as an option.

The Committee rejects the possibility that PGS might fall within the scope of
the WBO, for two reasons. First, the statutory definition of screening covers only
the examination or testing of people; it does not cover the testing of embryos.
Furthermore, PGS may be viewed as a medical procedure performed in
connection with a medical problem, namely impaired fertility. If PGS were
carried out merely as an alternative to prenatal screening, only the first of those
reasons would apply.

62

Pre-implantation genetic diagnosis



Literature

Alb02
Alm96

AlmO05

Ame99

Arr90

Asr01

Baa04

Baa05

Bal04

Beall

Alberts B, Johnson A, Lewis L, et al. Molecular biology of the cell. Garland Science, 2002.
Almeida PA, Bolton VN. The relationship between chromosomal abnormality in the human
preimplantation embryo and development in vitro. Reprod Fertil Dev 1996; 8: 235-41.

Almeida VM, Costa PM, Moreira P, et al. Birth of two healthy females after preimplantation genetic
diagnosis for familial amyloidotic neuropathy. RBM Online 2005; 10: 641-4.

American Academy of Pediatrics. Cord blood banking for potential future transplantation: subject
review. Pediatrics 1999; 104: 116-118.

Arras JD. AIDS and reproductive decisions: having children in fear and trembling. The Milbank
Quarterly 1990; 68: 353-82.

ASRM. Preimplantation genetic diagnosis. A practice committee report. American Society for
Reproductive Medicine, June 2001: 1-4.

Baart EB, Van Opstal D, Los FJ, et al. Fluorescence in situ hybridization analysis of two blastomeres
from day 3 frozen-thawed embryos followed by analysis of the remaining embryo on day 5. Hum
Reprod 2004; 19: 685-93.

Baart EB, Martini E, van den Berg I, et al. Preimplantation genetic screening reveals a high incidence
of aneuploidy and mosaicism in embryos from young women undergoing IVE. Hum Reprod. 2005
Sep 9; [Epub ahead of print].

Balaban B, Yakin K, Urman B, et al. Pronuclear morphology predicts embryo development and
chromosome constitution. Reprod Biomed Online 2004; 8: 695-700.

Beauchamp TL, Childress JF. Principles of Biomedical Ethics. Oxford University Press, 2001.

Literature

63



Ben04

Benito Al, Diaz MA, Gonzalez-Vicent M, et al. Hematopoietic stem cell transplantation using
umbilical cord blood progenitors: review of current clinical results. Bone Marrow Transplant 2004;

33: 675-90.

Bol04 Bolt LLE, Buijsen MAJM, Hunfeld JAM. Morele contra-indicaties voor ouderschap? Eeen
psychologisch, ethisch en juridisch onderzoek naar de selectie van hulpvragers voor een IVF-
behandeling. Damon, 2004.

Bor05 Borges EJ, Rossi LM, Farah L, et al. The impact of pronuclear orientation to select chromosomally
normal embryos. J Assist Reprod Genet 2005; 22: 107-14.

Bot98 Botkin JR. Ethical issues and practical problems in preimplantation genetic diagnosis. J Law Med
Ethics 1998; 26: 17-28.

Bou73 Boue JG, Boue A, Lazar P, Gueguen S. Outcome of pregnancies following a spontaneous abortion
with chromosomal anomalies. Am J Obstet Gynecol 1973; 116: 806-12.

Bra98 Braude PR, De Wert GM, Evers-Kiebooms G, et al. Non-disclosure preimplantation genetic diagnosis
for Huntington's disease: practical and ethical dilemmas. Prenat Diagn 1998; 18: 1422-6.

Bra02 Braude P, Pickering S, Flinter F, Ogilvie CM. Preimplantation genetic diagnosis. Nature Rev Genet
2002; 3: 941-53.

Bra03 Braat DDM, Schonbeck Y, Kremer JAM. Meerlingzwangerschappen; epidemiologie en beleid. Ned
Tijdschr Geneesk 2003; 147:1952-5.

Bre02 Breuning MH, Tibben A. De keuze aan de ouders. Medisch Contact 2003: 1780-2.

Bri99 Brigham S A, Conlon C, Farquharson R G. A longitudinal study of pregnancy outcome following
idiopathic recurrent miscarriage. Hum Reprod 1999; 14: 2868-71.

Bru03 PGD symposium, Brussel 5/6 december 2003.

CBO03 Kwaliteitsinstituut voor de gezondheidszorg CBO. Modelreglement Embryowet. CBO 2003.

CBS03 www.cbs.nl/nl/publicaties/artikelen/algemeen/webmagazine/artikelen/2003/1314k.htm

Cla02 Clayton M. Individual autonomy and genetic choice. In: Burley J, Harris J, Eds. A companion to
genethics. Blackwell Publishers. Malden, Oxford 2002.

Cli97 Clifford K, Rai R, Regan L. Future pregnancy outcome in unexplained recurrent first trimester
miscarriage. Hum Reprod 1997; 12: 387-9.

Cob02 Cobben JM, Brocker-Vriends AHJT, Leschot NJ. Prenatale diagnostiek naar erfelijke aanleg voor
mamma/ovariumcarcinoom — een standpunt bepaling. Ned Tijdschr Geneeskd 2002; 146: 1461-5.

Con87 Congregation for the doctrine of faith. Instruction on respect for human life in its origin and on the
dignity of human procreation. Congregation for the doctrine of faith. Vaticaanstad, 1987.

Coo04 Coonen E, Derhaag JG, Dumoulin JC, et al. Anaphase lagging mainly explains chromosomal
mosaicism in human preimplantation embryos. Hum Reprod 2004; 19: 316-24.

Daa01 Daar AS, al Khitamy AB. Bioethics for clinicians: 21. Islamic bioethics. CMAIJ. 2001; 164: 60-3.

Dav97 Davis DS. Genetic dilemmas and the child’s right to an open future. Hastings Center Report 1997;
27:7-15.

64 Pre-implantation genetic diagnosis



Deb03

Del97

Del02

Die04

Don04
Dru04

Dut03

Dwo83
Edi04

Ego02

Emb02

Emi05

ESHO02

ESHO03

ESHO5a

ESHO5b

Eth03

Fau99

Fau02

DeBaun MR, Niemitz EL, Feinberg AP. Association of in vitro fertilization with Beckwith-
Wiedemann syndrome and epigenetic alterations of LIT1 and H19. Am J Hum Genet 2003; 72:
156-60.

Delhanty JD. Chromosome analysis by FISH in human preimplantation genetics. Hum Reprod 1997;
12:153-5.

Delhanty JD, Wells D. Preimplantation genetic diagnosis: an alternative to prenatal diagnosis. Expert
Rev Mol Diagn 2002; 2: 395-9.

De Die-Smulders CEM, Land JA, Dreesen JCFM et al. Resultaten van 10 jaar
preimplantatiegenetische diagnostiek in Nederland. Ned Tijdschr Geneesk 2004; 148: 2491-6.
Dondorp W. Vergoeding van IVF: alleen als het echt nodig is? Filosofie & Praktijk 2004; 25: 14-27.
Drusedau M, Dreesen JC, De Die-Smulders C, et al. Preimplantation genetic diagnosis of
spinocerebellar ataxia 3 by (CAG)(n) repeat detection. Mol Hum Reprod. 2004; 10: 71-5.

Dute JCJ. Toepassing van de genetica in het kader van wetenschappelijk onderzoek. In: Toepassing
van de genetica in de gezondheidszorg. ZonMW, Den Haag 2003.

Dworkin R. Life’s Dominion. London: Harper Collins, 1995.

Editorial Lancet. Preimplantation genetic diagnosis — for or against humanity? Lancet 2004; 364:
1729-30.

Egozcue J. Preimplantation social sexing: a problem of proportionality and decision making. J Assist
Reprod Genet 2002; 19: 440-2.

Embryowet. Wet van 20 juni 2002, houdende regels inzake handelingen met geslachtscellen en
embryo’s. Staatsblad 2002,338.

Emiliani S, Delbaere A, Devreker F, Englert Y. Embryo-maternal interaction factors regulating
implantation process. RBMOnline 2005; 10: 527-540.

ESHRE preimplantation genetic diagnosis consortium. Data collection III (May 2001). Hum Reprod
2002; 17: 233-46.

ESHRE Task Force on Ethics and Law. 6. Ethical issues related to multiple pregnancies in medically
assisted procreation. Hum Reprod. 2003; 18: 1976-9.

Harper JC, Boelaert K, Geraedts J, et al. ESHRE PGD Consortium data collection V: Cycles from
January to December 2002 with pregnancy follow-up to October 2003. Hum Reprod. 2005 Sep 19;
[Epub ahead of print].

Thornhill AR, De Die-Smulders CE, Geraedts JP, et al. ESHRE PGD Consortium 'Best practice
guidelines for clinical preimplantation genetic diagnosis (PGD) and preimplantation genetic
screening (PGS)' Hum Reprod 2005; 20: 35-48.
http://www.ethikrat.org/stellungnahmen/pdf/Stellungnahme_Genetische_Diagnostik.pdf.

Fauser BCJM, Devroey P, Yen SSC, et al. Minimal ovarian stimulation of IVF: appraisal of potential
benefits and drawbacks. Hum Reprod 1999; 14: 2681-86.

Fauser BCJM. Publicatie van de resultaten van alle Nederlandse centra voor in-vitrofertilisatie: een
belangrijke stap naar verbetering van de doelmatigheid van de behandeling. Ned Tijdschr Geneesk
2002; 146: 2335-8.

Literature

65



Fau04

Fauser BCJM, Macklon NS. Medical approaches to ovarian stimulation of infertility. In: Strauss J,

Barbieri R. Yen and Yaffe’s reproductive endocrinology. 5 ed. Saunders, 2004.

Fau05 Fauser BCJM, Devroey P, Macklon NS. Multiple birth resulting from ovarian stimulation for
subfertility treatment. Lancet 2005; 365: 1807-16.

Fin00 Findlay I. Pre-implantation genetic diagnosis. Br Med Bull 2000; 56: 672-90.

FinO1 Findlay I, Matthews PL, Mulcahy BK, Mitchelson K. Using MF-PCR to diagnose multiple defects
from single cells: implications for PGD. Mol Cell Endocrinol 2001; 183 Suppl 1: S5-S12.

Gal01 Galjaard, H., De ‘maakbare’ mens, Afscheidscollege 7 mei 2001. Rotterdam.

Gar96 Gardner R, Sutherland G. Chromosome abnormalities and genetic counseling. Oxford University
Press, Oxford, 1996.

Geb02 Geber S, Sales L, Sampaio MA. Laboratory techniques for human embryos. Reprod Biomed Online
2002; 5: 211-218.

Gen03 Genbacev OD, Prakobphol A, Foulk RA, et al. Trophoblast L-selectin-mediated adhesion at the
maternal-fetal interface. Science 2003; 299: 405-8.

Ger00 Geraedts J, Handyside A, Harper J, et al. ESHRE preimplantation genetic diagnosis (PGD)
consortium: data collection II (May 2000). Hum Reprod 2000; 15: 2673-83.

Ger01 Geraedts JP, Harper J, Braude P, et al. Preimplantation genetic diagnosis (PGD), a collaborative
activity of clinical genetic departments and IVF centres. Prenat Diagn 2001; 21: 1086-92.

Gia97 Gianaroli L, Magli MC, Munne S, et al. Will preimplantation genetic diagnosis assist patients with a
poor prognosis to achieve pregnancy? Hum.Reprod 12: 1762-1767, 1997.

Gia99 Gianaroli L, Magli MC, Ferraretti AP, Munne S. Preimplantation diagnosis for aneuploidies in
patients undergoing in vitro fertilization with a poor prognosis: identification of the categories for
which it should be proposed. Fertil.Steril 72: 837-844, 1999.

Gir03 Girardet A, Hammah S, Anahory T, et al. First preimplantation genetic diagnosis of hereditary
retinoblastoma using informative microsatellite markers. Mol Hum Reprod 2003; 9: 111-6.

Gor05 Gordts S, Campo R, Puttemans P, et al. Belgian legislation and the effect of elective single embryo
tranfer on IVF outcome. RBM Online 2005; 10: 436-41.

GunO1 Gunning J. Regulating assisted reproduction technologies. Med Law 2001; 20: 425-33.

GR89 Health Council of the Netherlands: Heredity: science and society. The Hague, 1989; publication no.
1989/31E.

GRY%4 Health Council of the Netherlands: Genetic Screening. The Hague, 1994; publication no. 1994/22E.

GR95 Health Council of the Netherlands: Sex selection for non-medical reasons. The Hague, 1995;
publication no. 1995/11E.

GR97 Health Council of the Netherlands: In vitro fertilization (IVF). Rijswijk, 1997; publication no.
1997/03E.

GR98 Health Council of the Netherlands: IVF-related research. Rijswijk, 1998; publication no. 1998/08E.

GROla Gezondheidsraad. Celkerntransplantatie bij mutaties in het mitochondriale DNA. Den Haag,
Publicatienr. 2001/07.

66 Pre-implantation genetic diagnosis



GRO1b

GRO1c

GRO2

GRO3

Gro02
Han90

Han02a

Han02b

Han02c

Har94

Har98

Har(02a

Har02b

Has01

Hav98

Haz99

Hej04

Hel02

Hel0O4a

Hel0O4b

Gezondheidsraad. Prenatale screening. Downsyndroom, neuralebuisdefecten, routine-echoscopie.
Den Haag, Publicatienr. 2001/11.

Gezondheidsraad. Cochleaire implantatie bij kinderen. Den Haag: Gezondheidsraad, 2001; publicatie
nr 2001/21.

Health Council of the Netherlands: Stem cells for tissue repair. The Hague, 2002; publication no.
2002/09E.

Centrum voor Ethiek en Gezondheid. Handelingen met geslachtscellen en embryo’s. In: Signalering
ethiek en gezondheid 2003, Zoetermeer 2003.

Gross M. Green light for selected baby. Curr Biol 2002; 12: R193.

Handyside AH, Kontagianni EH, Hardy K, Winston RM. Pregnancies from biopsied human embryos
sexed by Y-specific DNA amplification. Nature 1990; 344: 768-70.

Hansen M, Kurinczuk JJ, Bower C, Webb S. The risk of major birth defects after intracytoplasmic
sperm injection and in vitro fertilization. N Eng J Med 2002; 346: 725-30.

Hanson C, Hamberger L, Janson PO. Is any form of gender selection ethical? J Assist Reprod Genet
2002; 19: 431-2.

Hansotia MD. Family balancing by preimplantation genetic diagnosis in India. Hum Reprod 2002;
17: 2778-9.

Harper JC, Handyside AH. The current status of preimplantation diagnosis. Curr Opin Obstet
Gynecol 1994; 4: 143-9.

Harris J. Rights and Reproductive Choice. In: Harris J, Holm S (eds.). The Future of Human
Reproduction. Oxford: Clarendon Press, 1998, 5-37.

Harper JC, Bui TH. Pre-implantation genetic diagnosis. Best Pract Res Clin Obstet Gynaecol 2002;
16: 659-70.

Harper JC, Wells D, Piyamongkol W, et al. Preimplantation genetic diagnosis for single gene
disorders: experience with five single gene disorders. Prenat Diagn 2002; 22: 525-33.

Hassold T, Hunt P. To err (meiotically) is human: the genesis of human aneuploidy. Nature Genet Rev
2001; 2: 280-91.

Have HAMIJ ten, Meulen RHJ ter, Leeuwen E van. Medische ethiek. Houten: Bohn Stafleu Van
Loghum, 1998.

el-Hazmi MA. Potential usefulness of preimplantation genetic diagnosis in the control and prevention
of genetic diseases. East Mediterr Health J 1999; 5: 1134-9.

He J, McDermott DA, Song Y, et al. Preimplantation genetic diagnosis of human congenital heart
malformation and Holt-Oram syndrome. Am J Med Genet 2004; 126A(1): 93-8.

Hellani A, Lauge A, Ozand P, et al. Pregnancy after preimplantation genetic diagnosis for Ataxia
Telangiectasia. Mol Hum Reprod 2002; 8: 785-8.

Hellani A, Aqueel A, Jaroudi K, et al. Pregnancy after preimplantation genetic diagnosis for Sanjad-
Sakati syndrome. Prenat Diagn 2004; 24: 302-6.

Helmerhorst FM, Perquin DA, Donker D, Keirse MJ. Perinatal outcome of singletons and twins after

assisted conception: a systematic review of controlled studies. Br Med J 2004; 328: 261.

Literature

67



Hen04

Hennen L, Sauter A. Priimplantationsdiagnostik. Praxis und rechtliche Regulierung in sieben

ausgewihlten Lindern. TAB Arbeitsberichte, 2004. http://www.tab.fzk.de/de/arbeitsberichte.htm.

HfeO1 Human Fertilisation and Embryology Authority Executive. Opinion on ethical issues in the creation
and selection of preimplantation embryos to produce tissue donors. 2001.

Hfe04 Human Fertilisation and Embryology Authority Executive. Report of the preimplantation tissue
typing policy review. http://www.hfea.gov.uk/AboutHFEA/HFEAPolicy/
Preimplantationtissuetyping.

Hoe03 Hoedemakers RHMV. Humane Biotechnologie. Wetenschappelijk Instituut voor het CDA, 2003.

Hug00 Hughes TR, Roberts CJ, Dai H, et al. Widespread aneuploidy revealed by DNA microarray
expression profiling. Nat Genet 2000; 25: 333-7.

Hui04 Huirne JA, Lambalk CB, van Loenen AC, et al. Contemporary pharmacological manipulation in
assisted reproduction. Drugs 2004; 64: 297-322.

Hun03 Hunault CC, Eijkemans MJC, Pieters MHEC, et al. A prediction model for selecting patients
undergoing in vitro fertilization for elective single embryo transfer. Fertil Steril 2002; 77: 725-32.

Jam94 Jamieson ME, Coutts JR, Connor JM. The chromosome constitution of human preimplantation
embryos fertilized in vitro. Hum Reprod 1994; 9: 709-15.

Jer03 Jericho H, Wilton L, Gook DA, Edgar DH. A modified cryopreservation method increases the
survival of human biopsied cleavage stage embryos. Hum Reprod 2003; 18: 568-71.

Kah00 Kahraman S, Bahce M, Samli H, et al. Healthy births and ongoing pregnancies obtained by
preimplantation genetic diagnosis in patients with advanced maternal age and recurrent implantation
failure. Hum Reprod 15: 2003-2007, 2000.

Kah04 Kahraman S, Benkhalifa M, Donmez E, et al. The results of aneuploidy screening in 276 couples
undergoing assisted reproductive techniques. Prenat Diagn 2004; 24: 307-11.

Kan85 Kant I. Grundlegung zur Metaphysik der Sitten. 1785. Stuttgart: Reclam, 1972.

Kat05 Katz-Jaffe MG, Trounson AO, Cram DS. Chromosome 21 mosaic human preimplantation embryos
predominantly arise from diploid conceptions. Fertil Steril 2005; 84: 634-43.

Kea92 Kearney W, Caplan AL. Parity for donation of bone marrow: ethical and policy considerations. In:
Blank RH, Bonnicksen AL, eds., Emerging issues in biomedical policy. An annual review. Vol.1.
Genetic and reproductive technologies. New York: Columbia University Press, 1992. 262-285.

Kin03 King MC, Marks JH, Mandell JB; New York Breast Cancer Study Group. Breast and ovarian cancer
risks due to inherited mutations in BRCA1 and BRCAZ2. Science 2003; 302: 643-6.

KNAWO04  Summary of the discussion on prenatal testing on normal characteristics. In: Prenatal testing New
developments and ethical dilemmas, Galjaard H and Noor LHW; editors, KNAW 2004, Amsterdam.

Kou00 Koudstaal J, Braat DD, Bruinse HW, et al. Obstetric outcome of singleton pregnancies after IVF: a
matched control study in four Dutch university hospitals. Hum Reprod. 2000; 15: 1819-25.

Kre02 Kremer JAM, Beekhuizen W, Bots RSGM et al. Resultaten van in-vitrofertilisatie in Nederland,
1996-2000. Ned Tijdschr Geneesk 2002; 146: 2358-623.

KulO1 Kuliev A, Rechitsky S, Verlinsky O, et al. Preembryonic diagnosis for sickle cell disease. Mol Cell
Endocrinol 2001; 183 Suppl 1: S19-22. 3:

68 Pre-implantation genetic diagnosis



Kul02

Kul03a

Kul03b

Kul05

Lav02

Lei05

Les02
Lig04

Lju96
Los04

LucO1

Mac02

Mac03a

Mac03b

Mag04

Mah03

Mal02

Mas04

Men04

Kuliev A, Verlinsky Y. Current features of preimplantation genetic diagnosis. Reprod Biomed Online
2002; 5: 294-9.

Kuliev A, Cieslak J, Ilkevitch Y, Verlinsky Y. Chromosomal abnormalities in a series of 6733 human
oocytes in preimplantation diagnosis for age-related aneuploidies. Reprod Biomed Online 2003; 6:
54-9.

Kuliev A, Verlinsky Y. The role of preimplantation genetic diagnosis in women of advanced
reproductive age. Curr Opin Obstet Gynecol. 2003; 15: 233-8.

Kuliev A, Rechitsky S, Verlinsky O, et al. Preimplantation diagnosis and HLA typing for
haemoglobin disorders. Reprod Biomed Online 2005; 11: 362-70.

Lavery SA, Aurell R, Turner C, et al. Preimplantation genetic diagnosis: patients’ experiences and
attitudes. Hum Reprod 2002; 17: 2464-7.

Leib JR, Gollust SE, Hull SC, Wilfond BS. Carrier screening panels for Ashkenazi Jews: is more
better? Genet Med 2005; 7: 185-90.

Lessey BA. Adhesion molecules and implantation. J Reprod Immunol 2002; 55: 101-12.

Ligtenberg L. Mensenwensen. Over kinderwens en embryoselectie. VSOP, 2004. http://www.vsop.nl/
pdf/VERSLAGpgd.pdf.

Ljung RC. Prenatal diagnosis of haemophilia. Baillieres Clin Haematol 1996; 9: 243-57.

Los FJ, van Opstal D, van den Berg C. The development of cytogenetically normal, abnormal and
mosaic embryos: a theoretical model. Hum Reprod Update 2004; 10: 79-94.

Lucena C, Lucena E, Gil LAL. Methods in preimplantation genetic diagnosis. Reprod Biomed
Online 2001; 2: 20-31.

Macklon NS, Geraedts JP, Fauser BC. Conception to ongoing pregnancy: the 'black box' of early
pregnancy loss. Hum Reprod Update 2002; 8: 333-43.

Macklon NS, Fauser BCJM. Terugplaatsing van slechts één embryo bij in-vitrofertilisatie. Ned
Tijdschr Geneeskd 2003; 147: 1301-4.

Macklon NS, Fauser BCJM. Mild stimulation in in vitro fertilization. Ann N'Y Acad Sci 2003;
997:105-11.

Magli MC, Gianaroli L, Ferraretti AP, et al. The combination of polar body and embryo biopsy does
not affect embryo viability. Hum Reprod 2004; 19: 1163-9.

Mabher ER, Brueton LA, Bowdin SC, et al. Beckwidth-Wiedemann syndrome and assisted
reproduction technology (ART). J Med Genet 2003; 40: 62-4.

Malmgren H, Sahlen S, Inzunza J, et al. Single cell CGH analysis reveals a high degree of mosaicism
in human embryos from patients with balanced structural chromosome aberrations. Mol Hum
Reprod. 2002; 8: 502-10.

Mastenbroek S, Engel C, Van Echten-Arends J, et al. Preimplantatiegenetische screening op
numerieke chromosoomafwijkingen bij embryo’s van vrouwen van 35 jaar en ouder: de eerste
resultaten in Nederland. Ned Tijdschr Geneesk 2004; 148: 2486-90.

Menezo YJ, Frydman R, Frydman N. Preimplantation genetic diagnosis (PGD) in France. J Assist
Reprod Genet 2004; 21: 7-9.

Literature

69



Meijo1l Meijers-Heijboer H, van Geel B, van Putten WL, et al. Breast cancer after prophylactic bilateral
mastectomy in women with a BRCA1 or BRCA2 mutation. N Engl ] Med 2001; 345: 159-64.

Mol03 Moll AC, Imhof SM, Cruysberg JR, et al. Incidence of retinoblastoma in children born after in-vitro
fertilisation. Lancet 2003; 361: 309-10.

Mon04a Montag M, van der Ven K, Dorn C, van der Ven H. Outcome of laser-assisted polar body biopsy and
aneuploidy testing. Reprod Biomed Online 2004; 9: 425-9.

Mon04b Montfoort AP van, Dumoulin JC, Land JA, et al. Elective single embryo transfer (¢SET) policy in the
first three IVF/ICSI treatment cycles. Hum Reprod 2004; [Epub ahead of print].

Mor02 Mori T, Watanabe H. Ethical considerations on indications for gender selection in Japan. J Assist
Reprod Genet 2002; 19: 420-5.

Mou04 Moutou C, Gardes N, Viville S. New tools for preimplantation genetic diagnosis of Huntington’s
disease and their clinical applications. Eur J Hum Genet 2004; 12: 1007-14.

Mun93 Munne S, Lee A, Rosenwaks Z, et al. Diagnosis of major chromosome aneuploidies in human
preimplantation embryos. Hum Reprod 1993; 8: 2185-91.

Mun98 Munne S, Scott R, Sable D, Cohen J. First pregnancies after preconception diagnosis of translocators
of maternal origin. Fertil Steril 1998; 69: 675-81.

Mun99 Munne S, Magli C, Cohen J, et al. Positive outcome after preimplantation diagnosis of aneuploidy in
human embryos. Hum Reprod 14: 2191-2199, 1999.

Mun00 Munne S, Sepulveda S, Balmaceda J, et al. Selection of the most common chromosome abnormalities
in oocytes prior to ICSI. Prenat Diagn 2000; 20: 582-6.

Mun02a Munne S. Preimplantation genetic diagnosis of numerical and structural chromosome abnormalities.
Reprod Biomed Online 2002; 4: 183-96.

Mun02b Munne S, Wells D. Preimplantation genetic diagnosis. Curr Opin Obstet Gynecol 2002; 14: 239-44.

Mun03 Munne S, Sandalinas M, Escudero T, et al. Improved implantation after preimplantation genetic
diagnosis of aneuploidy. Reprod.Biomed.Online. 7 : 91-97, 2003.

Mun04 Munk, M. Kinderwens met het oog op weefseldonatie, een ethische reflectie. Filosofie & praktijk :
praktische problemen in filosofisch perspectief 2004; 25 nr. 1: 28-37.

Mun05 Munne S, Chen S, Fischer J, et al. Preimplantation genetic diagnosis reduces pregnancy loss in
women aged 35 years and older with a history of recurrent miscarriages. Fertil Steril 2005; 84: 331-5.

Nav94 Navot D, Drews MR, Bergh PA, et al. Age related decline in female fertility is not due to diminished
capacity of the uterus to sustain embryo implantation. Fertil Steril 1994; 61: 97-101.

Nyg01 Nygren KG, Andersen AN. Assisted reproductive technology in Europe, 1998. Results generated
from European registers by ESHRE. Hum Reprod 2001; 16: 2459-71.

Oba0l Obasaju M, Kadam A, Biancardi T, et al. Pregnancies from single normal embryo transfer in women
older than 40 years. Reprod Biomed Online 2: 98-101, 2001.

ONe02 O’Neill O. Autonomy and Trust in Bioethics. The Gifford Lectures. Cambridge: Cambridge
University Press, 2002.

Pal94 Palomba ML, Monni G, Lai R, et al. Psychological implications and acceptability of preimplantation
diagnosis. Hum Reprod 1994; 9: 360-362.

70 Pre-implantation genetic diagnosis



Pan02

Peh03

Pel03

Pen99

Pen02

Per91

Pic03

Pla98
Pla03

Pla05a

Pla05b

Puj03

Rat6

Rec02

Rec03

Rei93

Rob92

Rob03

Roe96

Pandian Z, Bhattacharya S, Nikolau D, et al. In vitro fertilisation for unexplai subfertility. Cochrane
Database Sust Rev 2002; CD 003357.

Pehlivan T, Rubio C, Rodrigo L, et al. Impact of preimplantation genetic diagnosis on IVF outcome
in implantation failure patients. Reprod Biomed Online. 6: 232-237, 2003.

Pellestor F, Andreo B, Arnal F, et al. Maternal aging and chromosomal abnormalities: new data
drawn from in vitro unfertilized human oocytes. Hum Genet 2003; 112: 195-203.

Pennings G. Measuring the welfare of the child: in search of the appropriate evaluation principle.
Hum Reprod 1999; 14: 1145-50.

Pennings G, Schots R, Liebaers I. Ethical considerations on preimplantation genetic diagnosis for
HLA typing to match a future child as a donor of haematopoietic stem cells to a sibling. Hum Reprod
2002; 17: 534-8.

Pergament E. Preimplantation diagnosis: a patient perspective. Prenat Diagn 1991; 11 : 493-500.
Pickering S, Polidoropoulos N, Caller J, et al. Strategies and outcomes of the first 100 cycles of
preimplantation genetic diagnosis at the Guy's and St. Thomas' Center. Fertil Steril 2003; 79: 81-90.
Planningsbesluit in-vitrofertilisatie. Staatscourant 1 april 1998; 95: 14.

Planningsbesluit klinisch genetisch onderzoek en erfelijkheidsadvisering. Staatscourant 23 januari
2003; 16: 11.

Platteau P, Staessen C, Michiels A, e,a, Preimplantation genetic diagnosis for aneuploidy screening in
women older than 37 years. Fertil Steril 2005; 84: 319-24.

Platteau P, Staessen C, Michiels A, et al. Preimplantation genetic diagnosis for aneuploidy screening
in patients with unexplained recurrent miscarriages. Fertil Steril 2005; 83: 393-7.

Pujol A, Durban M, Benet J, et al. Multiple aneuploidies in the oocytes of balanced translocation
carriers: a preimplantation genetic diagnosis study using first polar body. Reproduction 2003; 126:
701-11.

Rathenau Instituut. Geslachtskeuze om niet-medische redenen. De mening van de Nederlandse
bevolking. Rathenau Instituut, 1996.

Rechitsky S, Verlinsky O, Chistokhina A, et al. Preimplantation genetic diagnosis for cancer
predisposition. Reprod Biomed Online 2002; 5: 148-55.

Rechitsky S, Verlinsky O, Kuliev A, et al. Preimplantation genetic diagnosis for familial
dysautonomia. Reprod Biomed Online. 2003; 6: 488-93.

Reinders JS. De bescherming van het ongeboren leven. Morele en godsdienstige overwegingen bij
het experimenteren met menselijke embryo’s. Baarn: Ten Have b.v., 1993.

Robertson JA. Ethical and legal issues in preimplantation genetic screening. Fertil Steril 1992; 57:
1-11.

Robertson JA. Extending preimplantation genetic diagnosis : medical and non-medical uses. Journal
of Medical Ethics 2003; 29: 213-216.

Roest J, Mous HV, Zeilmaker GH, Verhoeff A. The incidence of major clinical complications in a

Dutch transport IVF programme. Hum Reprod Update. 1996; 2: 345-53.

Literature

71



Roy01

Royal College of Obstetricians and Gynaecologists. Scientific Advisory Committee. Umbilical cord

blood banking. Opinion Paper 2. October 2001.

Rub03 Rubio C, Simon C, Vidal F, et al. Chromosomal abnormalities and embryo development in recurrent
miscarriage couples. Hum Reprod 18: 182-188, 2003.

RvE97 Raad van Europa. Convention for the protection of Human Rights and dignity of the human being
with regard to the application of biology and medicine: Convention on Human Rights and
Biomedicine. CETS No.: 164, Oviedo 1997. http://conventions.coe.int/treaty/en/treaties/html/
164.htm.

Sav01 Savalescu J. Procreative beneficence: why we should select the best children. Bioethics 2001; 15:
413-26.

Sch97 Schenker JG. Infertility evaluation and treatment according to Jewish law. Eur J Obstet Gynaecol
1997; 71: 113-21.

Sch00 Schenker JG. Women's reproductive health: monotheistic religious perspectives. Int J Gynaecol
Obstet 2000; 70: 77-86.

Sch02 Schenker JG. Gender selection: cultural and religious perspectives. J Assist Reprod Genet 2002; 19:
400-10.

Sch03 Schreiber HL. The legal situation regarding assisted reproduction in Germany. Reprod Biomed
Online 2003; 6: 8-12.

Ser01 Serour GI, Dickens BM. Assisted reproduction developments in the Islamic world. Int J Gynaecol
Obstet 2001; 74: 187-93.

Ser02 Sermon K, De Rijcke M, Lissens W, et al. Preimplantation genetic diagnosis for Huntington's disease
with exclusion testing. Eur J Hum Genet 2002; 10: 591-8.

Ser04 Sermon K, Van Steirteghem A, Liebaers 1. Preimplantation genetic diagnosis. Lancet 2004; 363:
1633-41.

She05 Shenfield F, Pennings G, Cohen J, et al. Taskforce 9: the application of preimplantation genetic
diagnosis for human leukocyte antigen typing of embryos. Hum Reprod 2005; 20: 845-7.

Sil03 Silber S, Escudero T, Lenahan K, et al. Chromosomal abnormalities in embryos derived from
testicular sperm extraction. Fertil Steril 2003; 79: 30-8.

Sim05 Simpson JL, Carson SA, Cisneros P. Preimplantation Genetic Diagnosis (PGD) for Heritable
Neoplasia. J Natl Cancer Inst Monogr 2005; 34: 87-90.

Smm02 SMM, the Norwegian Centre for Health Technology Assessment, Report 3/2002 www.sintef.no/
smm.

Sno97 Snowdon C, Green JM. Preimplantation diagnosis and other reproductive options: attitudes of male
and female carriers of recessive disorders. Hum Reprod 1997; 12: 341-50.

Spr02 Spriggs M, Savulescu J. ‘Saviour siblings’. ] Med Ethics 2002; 28: 289.

Sta04 Staessen C, Platteau P, Van Assche E, et al. Comparison of blastocyst transfer with or without
preimplantation genetic diagnosis for aneuploidy screening in couples with advanced maternal age: a
prospective randomised controlled trial. Human Reprod 2004; 19: 2849-58.

72 Pre-implantation genetic diagnosis



Ste02a

Ste02b
Ste02c

Ste05a

Ste05b

Str84

Str02

Tak04

TapO1

TemO04

Tho02

Thu04

TKO03

Tur04

VenO1

Ver99

VerOla

VerOlb

Steinbock B. Preimplantation genetic diagnosis and embryo selection. In: Burley J, Harris J, Eds. A
companion to genethics. Blackwell Publishers. Malden, Oxford 2002.

Steinbock B. Sex selection: not obviously wrong. Hastings Cent Rep 2002; 32: 23-8.

Steekelenburg M van, van Weel-Sipman MH, Zwinderman AH, et al. Tegenwoordig gunstige
prognose na HL-identieke beenmergtransplantatie bij kinderen met verworven ernstige aplastische
anemie; evaluatie van 30 jaar beenmergtransplantaties in het Leids Universitair Medisch Centrum.
Ned Tijdschr Geneeskd 2002; 146: 1542-6.

Steffann J, Frydman N, Gigarel N, et al. Analysis of mtDNA variant segregation during early human
embryonic development: a tool for successful NARP preimplantation diagnosis. J Med Genet 2005;
[Epub ahead of print].

Steffann J, Frydman N, Burlet P, et al. [Extending preimplantation genetic diagnosis to HLA typing:
the Paris experience.] Gynecol Obstet Fertil 2005; 33: §24-7.

Stray-Pedersen B, Stray-Pedersen S. Etiologic factors and subsequent reproductive performance in
195 couples with a prior history of habitual abortion. Am J Obstet Gynecol 1984;148:140-6.
Stromberg B, Dahlquist G, Ericson A, et al. Neurological sequelae in children born after in-vitro
fertilisation: a population-based study. Lancet 2002; 359: 461-5.

Takeshita N, Kubo H. Regulating preimplantation genetic diagnosis--how to control PGD. J Assist
Reprod Genet 2004; 21: 19-25.

Tapia-Paez I, Kost-Alimova M, Hu P, et al. The position of t(11;22)(q23;q11) constitutional
translocation breakpoint is conserved among its carriers. Hum Genet 2001; 109: 167-77.

Tempest HG, Griftin DK. The relationship between male infertility and increased levels of sperm
disomy. Cytogenet Genome Res 2004; 107: 83-94.

Thornhill AR, Snow K. Molecular diagnostics in preimplantation genetic diagnosis. J Mol Diagn
2002; 4: 11-29.

Thurin A, Hausken J, Hillensjo T, et al. Elective single-embryo transfer versus double-embryo
transfer in in vitro fertilization. N Engl J Med 2004; 351: 2392-402.

Tweede Kamer. Vaststelling van de begrotingsstaat van het Ministerie van Volksgezondheid, Welzijn
en Sport (XVI) voor het jaar 2004. Tweede Kamer 28-1992 — 30-2126. SDU, Den Haag 2003.
Turone F. New law forces Italian couple with genetic disease to implant all their IVF embryos. Br
Med J 2004; 328: 1334.

Venn A, Hemminki E, Watson L, et al. Mortality in a cohort of IVF patients. Hum Reprod. 2001; 16:
2691-6.

Verlinsky Y, Evsikov S. A simplified and efficient method for obtaining metaphase chromosomes
from individual human blastomeres. Fertil Steril 1999; 72: 1127-33.

Verlinsky Y, Rechitsky S, Schoolcraft W, et al. Preimplantation diagnosis for Fanconi anemia
combined with HLA matching. ] Am Med Assoc 2001; 285: 3130-3.

Verlinsky Y, Rechitsky S, Verlinsky O, et al. Preimplantation testing for phenylketonuria. Fertil
Steril. 2001; 76: 346-9.

Literature

73



Ver02a

Verlinsky Y, Cieslak J, Kuliev A. Preimplantation FISH diagnosis of aneuploidies. Methods Mol Biol
2002; 204: 259-73.

Ver02b Verlinsky Y, Kuliev A. Preimplantation diagnosis for diseases with genetic predisposition and
nondisease testing. Expert Rev Mol Diagn 2002; 2: 509-13.

Ver02c Verlinsky Y, Rechitsky S, Verlinsky O, et al. Preimplantation diagnosis for early-onset Alzheimer
disease caused by V717L mutation. J] Am Med Assoc 2002; 287: 1018-21.

VerO3a Verlinsky Y, Rechitsky S, Verlinsky O, et al. Preimplantation diagnosis for sonic hedgehog mutation
causing familial holoprosencephaly. N Engl J Med 2003; 348: 1449-54.

Ver03b Verlinsky Y, Rechitsky S, Ozen S, et al. Preimplantation genetic diagnosis for the Kell genotype.
Fertil Steril. 2003; 80: 1047-51.

Ver04 Verlinsky Y, Cohen J, Munne S, et al. Over a decade of experience with preimplantation genetic
diagnosis. Fertil Steril 2004; 82: 302-3.

Viv00 Vivile S. Preimplantation genetic diagnosis, finally a reality in France. Gynecol Obstet Fertil 2000;
28: 873-4.

Vog96 Vogel F, Motulsky AG. Chromosome aberrations and spontaneous miscarriage. In: Human Genetics,
3rd edition, Springer-Verlag New York, 1996, pp.76-80.

Vos01 Vos A de, Steirteghem A van. Aspects of biopsy procedures prior to preimplantation genetic
diagnosis. Prenat Diagn 2001; 21: 767-80.

Vou99 Voullaire L, Wilton L, Slater H, Williamson R. Detection of aneuploidy in single cells using
comparative genomic hybridization. Prenat Diagn 1999; 19: 846-51.

Vou02 Voullaire L, Wilton L, McBain J, et al. Chromosome abnormalities identified by comparative
genomic hybridization in embryos from women with repeated implantation failure. Mol Hum Reprod
2002; 8: 1035-41.

War64 Warburton D, Fraser C. Spontaneous abortion risks in man: data from reproductive histories collected
in a medical genetics unit. Am J Hum Genet 1964; 16: 1-27.

War85 Warren MA. Gendercide. The implications of sex selection. Rowan & Allanhead, New Jersey 1985.

WelO1 Wells D, Delhanty JD. Preimplantation genetic diagnosis: applications for molecular medicine.
Trends Mol Med 2001; 7: 23-30.

Wel02 Wells D, Escudero T, Levy B, et al. First clinical application of comparative genomic hybridization
and polar body testing for preimplantation genetic diagnosis of aneuploidy. Fertil Steril. 2002; 78:
543-9.

Wer99 Wert G de. Met het oog op de toekomst. Voortplantingstechnologie, erfelijkheidsonderzoek en ethiek.
Amsterdam: Thela Thesis, 1999.

Wer03a Werlin L, Rodi I, DeCherney A, et al. Preimplantation genetic diagnosis as both a therapeutic and
diagnostic tool in assisted reproductive technology. Fertil.Steril 80: 467-468, 2003.

Wer03b Wert G de. HLA-typering in het kader van preimplantatiegenetische diagnostiek: de ethiek van
‘kinderen voor kinderen’. Infertiliteit, gynaecologie en obstetrie anno 2003. Proceedings, Rotterdam
2003. Pp. 158-70.

74 Pre-implantation genetic diagnosis



Wer05

Wil99

Wil01

Wil02

Wil03

Wil05

Wpd00

Wert G de. Preimplantation genetic diagnosis: the ethics of intermediate cases. Hum Reprod 2005;
[Epub ahead of print].

Willadsen S, Levron J, Munne S, et al. Rapid visualization of metaphase chromosomes in single
human blastomeres after fusion with in-vitro matured bovine eggs. Hum Reprod 1999; 14: 470-5.
Wilton L, Williamson R, McBain J, et al. Birth of a healthy infant after preimplantation confirmation
of euploidy by comparative genomic hybridization. N Engl J Med 2001; 345: 1537-41.

Wilton L. Preimplantation genetic diagnosis for aneuploidy screening in early human embryos: a
review. Prenat Diagn 2002; 22: 512-8.

Wilton L, Voullaire L, Sargeant P, et al. Preimplantation aneuploidy screening using comparative
genomic hybridization or fluorescence in situ hybridization of embryos from patients with recurrent
implantation failure. Fertil Steril. 2003; 80: 860-8.

Wilton L. Preimplantation genetic diagnosis and chromosome analysis of blastomeres using
comparative genomic hybridization. Hum Reprod Update 2005; 11: 33-41.

Werkgroep Prenatale Diagnostiek. Jaarverslag Werkgroep Prenatale Diagnostiek van de NVOG en de
VKGN over 1999, 2000, 2001.

Literature

75



76 Pre-implantation genetic diagnosis



Request for advice

The Committee

Methodology

Information about PGD at the Maastricht University Medical Center

Annexes

77



78 Pre-implantation genetic diagnosis



Annex

A

Request for advice

The Hague, 7 November 2003
Reference IBE/E-2417401

Dear Mr Knottnerus,

Clinical genetic testing and genetic counselling form a rapidly developing field. Pre-implantation
genetic diagnosis (PGD) was first used in the context of procedures leading to the birth of children in
the early 1990s. PGD involves the in vitro testing or examination of ova or embryos with a view to
detecting constitutional and hereditary conditions. Another possibility that is now available is pre-
implantation genetic screening (PGS). In the Netherlands, this form of screening is currently used
only in the context of scientific research.

The Centre for Ethics and Health addressed PGD and PGS in its 2003 surveillance report,
highlighting various ethical issues on which policies should be defined.

The Clinical Genetics Regulations of January 2003 provide for PGD capability to be
concentrated at a single centre, with the possibility of adding a second centre at a later date. I shall be
pleased to learn whether you believe that a second centre is required to ensure the availability of
(qualitatively and quantitatively) adequate PGD services.

It has become apparent that professional practitioners are unclear as to the circumstances under
which PGD is indicated. As stated in the above-mentioned Regulations, the guiding principle is that
PGD should be undertaken only in cases where there is a personal risk of a child being born with a
serious hereditary condition or disease. Please let me know how you believe that that principle is best

operationalised in connection with the following issues: additional selection on the basis of gender,
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additional selection on the basis of carriership of a recessive condition, selection on the basis of late-
onset conditions, selection on the basis of multifactoral conditions, and multiplex genetic testing.

In order to ascertain whether in due course the general application of PGS is desirable and
acceptable, I need a coherent overview of the medical, ethical, medico-legal and social considerations
that are relevant to decision-making in this field. I shall therefore be grateful if you will prepare such
an overview and (partly by reference to the subsidiary questions listed below) formulate

recommendations regarding the possible general use of PGS.

Subsidiary questions:

e What (which chromosomes) are studied in the context of PGS and why?

*  How effective and safe is PGS? Does PGS lead to a (considerable) improvement in the prospects
of success per transferred embryo?

*  What volume of PGS services is envisaged (in terms of the number of procedures requested/
provided per year)?

e What are the potential applications of PGS and what is the primary target group?

e What should the general indications for PGS be?

*  What ethical and social considerations are relevant to the application of PGS and is this form of
diagnostic testing desirable? If so, subject to what conditions?

*  What medico-legal considerations are relevant to the application of PGS?

*  How is PGS regulated in other western countries?
I shall be grateful to receive your report no later than December 2004.
Yours faithfully,

Clémence Ross-van Dorp,

State Secretary of Health, Welfare and Sport
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Annex

B

The Committee

e Prof. B.C.J.M. Fauser, Professor of Reproductive Medicine, Utrecht
University Medical Centre, Chairman

e Dr. L.L.E. Bolt, Ethicist, Ethics Institute, Utrecht University, Department of
Medical Ethics and Philosophy, Erasmus MC, Rotterdam

e Prof. O.F. Brouwer, Professor of Paediatric Neurology, Groningen University
Medical Centre

* Dr. J.M. Cobben, Clinical Geneticist, Emma Children’s Hospital University
Medical Centre, Amsterdam

e L.B.J. Geldof van Doorn, Ministry of Health, Welfare and Sport, Adviser

e Prof. J.P.M. Geraedts, Professor of Genetics and Cell Biology, University of
Maastricht

* R.M. den Hartog-Van Ter Tholen, Ministry of Health, Welfare and Sport,
Adviser

* Dr. GC.M.L. Page-Christiaens, Gynaecologist, Utrecht University Medical
Centre

* Prof. F. van der Veen, Professor of Reproductive Medicine, University
Medical Centre, Amsterdam

* Dr. S.M. Weima, Clinical Embryologist, Utrecht University Medical Centre
IVF Laboratory

e Dr. P.A. Bolhuis, Health Council, The Hague, Secretary
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The Health Council and interests

Members of Health Council Committees are appointed in a personal capacity
because of their special expertise in the matters to be addressed. Nonetheless, it
is precisely because of this expertise that they may also have interests. This in
itself does not necessarily present an obstacle for membership of a Health
Council Committee. Transparency regarding possible conflicts of interest is
nonetheless important, both for the chairperson and members of a Committee
and for the President of the Health Council. On being invited to join a
Committee, members are asked to submit a form detailing the functions they
hold and any other material and immaterial interests which could be relevant for
the Committee’s work. It is the responsibility of the President of the Health
Council to assess whether the interests indicated constitute grounds for non-
appointment. An advisorship will then sometimes make it possible to exploit the
expertise of the specialist involved. During the inaugural meeting the
declarations issued are discussed, so that all members of the Committee are
aware of each other’s possible interests.
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Annex

C

Methodology

The diagnosis of a genetic abnormality (or characteristic) in an embryo entails a
combination of specialist techniques, whose application requires gynaecological,
embryological and genetic expertise. First, an ovum has to be fertilised in vitro to
create an embryo. Then one or two cells have to be biopsied from the embryo.
The relevant genetic diagnosis is then made using this very small quantity of
cellular material. If the analysis reveals the desired genetic composition and the
embryo’s morphological characteristics are good, it is transferred to the uterus, in
the hope that nidation and an ongoing pregnancy will follow. These four steps are
described in more detail in this Annex.

IVF Procedure

In vitro fertilisation (IVF) — literally meaning fertilisation in glass and also
known as ‘test tube fertilisation’ — is the artificial fertilisation of an ovum in the
laboratory, followed by transfer of the embryo thus produced to the uterus (in
vivo) in order to bring about pregnancy. The success rate of this procedure is
relatively low; 15 to 25 per cent of the attempts to achieve pregnancy in this way
ultimately lead to a birth (per started cycle; GR98, Nyg01, Kre(02). IVF treatment
is generally provided at the same centre where the PGD is performed.
Hormones are administered to stimulate ovum maturation in the prospective
mother, so that numerous ova come to maturity simultaneously. Under local

Methodology

83



anaesthetic, between eight and fifteen ova are extracted from the ovaries by
means of surgical puncture. These ova then undergo in vitro fertilisation.

Where PCR-assisted PGD is concerned, fertilisation almost always involves
intracytoplasmic sperm injection (ICSI): the mechanical injection of a single
sperm cell into the ovum (Geb02). ICSI makes PGD more reliable, because it
ensures that there are no residual sperm cells around the embryo. DNA from such
sperm can interfere with the genetic diagnosis by making it unclear whether a
particular genetic characteristic belongs to the embryo or a surplus sperm cell.

The fertilised embryos are studied in the laboratory. Ensuring that transferred
embryos are morphologically sound increases the likelihood of ongoing
pregnancy. In many cases, therefore, embryos are selected partly on the basis of
their morphological characteristics.

If several embryos are found to be morphologically sound, some undergo
cryopreservation, i.e. are frozen under special conditions. Such embryos remain
viable for a considerable time, enabling their implantation long after fertilisation.

Risks

The IVF procedure is not risk-free. Hormone stimulation can give rise to various
problems and complications, including emotional stress and abdominal pain
(Roe96). Harvesting of the ova also entails risk (GR98). The most serious
problem that can develop is ovarian hyperstimulation syndrome, which affects
0.7 per cent of women who undergo hormone stimulation (Roe96, VenO1). It is
estimated that one woman a year dies from the consequences of this syndrome in
the Netherlands, and its long-term implications remain unclear (Fau99, Fau02).
Research into the risks is complicated by the fact that IVF is typically provided
to women in relatively good health (‘healthy patient effect’; VenOl1). It is also
important that steps are taken with a view to making the procedure safer, such as
using a milder form of hormone treatment to reduce the incidence of
hyperstimulation (Mac03b, Hui04, Fau04).

In the scientific literature, there has been discussion of the risk of congenital
abnormalities following IVF (Mit02, Str02). An analysis of twenty-five studies
from the period 1985-2002 revealed that the risk was indeed elevated:
abnormalities were more common in children born following IVF (Hel04b).
Researchers in Australia found one or more serious congenital abnormalities in
roughly 9 per cent of IVF children: twice the percentage in the control group
(Han02a). However, this research has been criticised because separate lists of
congenital abnormalities were not given for the study and control groups and
because various conditions of dubious relevance, such as hip luxation, were
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included. It is not disputed, however, that some of the abnormalities were
associated with multiple pregnancies, which are more common following IVF.
There is also a significant risk of low birth weight in multiple births following
IVF, albeit no greater than that linked to natural multiple births. Low birth weight
is generally associated with a higher risk of abnormalities. It is therefore
considered preferable that embryos should be transferred singly to the
prospective mother’s uterus (Bra03, Hel04b, Gor05).

However, even in single births, the average birth weight following IVF is
significantly lower. A small proportion of the elevated risk of congenital
abnormalities may therefore be attributable to factors linked to the artificial
reproduction process (Kou00, Sch02).

Links have also been made between IVF and certain rare conditions, namely
the Beckwith-Wiedemann syndrome (Mah03, Deb03) and a retinoblastoma
(Mol03). However, because of the very small numbers involved, the significance
of the observed associations is difficult to interpret.

It is not known what role infertility as such plays in the occurrence of
abnormalities and what can be attributed to the procedure. There may be a direct
relationship between infertility and an increased likelihood of congenital
abnormalities. There again, certain aspects of the procedure, such as hormone
stimulation, may increase the risk. Researchers suspect that some of the
abnormalities are due to genomic imprinting errors (errors in the ‘programming’
of the genes), like those that characterise Beckwith-Wiedemann syndrome.

A meta-analysis of studies looking at the incidence of congenital
abnormalities following ICSI and following IVF found no significant differences
between the two (thirteen studies, relative risk 1.00-1.29, p=0.06; Smm02).

Biopsy

In order to perform a genetic analysis of a pre-implantation embryo, cellular
material is required. There are three options for obtaining the material: from the
blastomere, from the polar bodies or from the trophoblast (VosO1, Ser04). It is
possible to freeze biopsied embryos for possible later implantation
(‘cryopreservation’; Jer03).

Blastomeres

The most common biopsy technique involves removing cellular material on day
3, when the embryo is at the six-to-ten-cell stage (blastomere stage). A single cell
is biopsied, unless there are eight or more cells, in which case two are taken. No
clear evidence is reported in the literature that this procedure has a negative
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effect on in vitro or in vivo embryonic development, or on postnatal development
(Vos01, Mag04). The likelihood of a successful biopsy is estimated to be 98 per
cent (ESHO02).

Polar bodies

Another option is to biopsy the polar bodies. As the ovum matures, a polar body
forms, containing a complete set of chromosomes. After fertilisation, a second
polar body forms. These bodies are normally lost, but can be removed for
diagnostic testing. Because the genetic composition is complementary to the
maternal contribution to, respectively, the mature ovum and the embryo, it is
possible to deduce the mother’s genetic contribution to the embryo. The biopsy
of polar bodies has no adverse effect on embryonic development. One drawback
of this technique is that the paternal genetic contribution remains unknown;
hence, polar body biopsy is suitable only as a means of testing for dominant
genetic mutations of maternal origin and for aneuploidies, which are of maternal
origin in approximately 90 per cent of cases (Has01). Polar body biopsy is quite
common in the USA, but not often used in Europe (ESH02).

Trophoblasts

A third possibility is to extract cellular material from the embryo in the
blastocyst stage. By that stage, the embryo has increased to about a hundred
cells, and a distinction has developed between the cells that will go on to form
‘embryo proper’ (the embryoblasts), and the cells that will form the amniotic sac
and placenta (the trophoblasts). From the latter group of cells, a relatively large
amount of genetic material (up to fifteen cells) is removed, which simplifies the
diagnostic test process. This form of biopsy is rarely practical, however, because
to date only 10 to 20 per cent of embryos have been found to develop in vitro to
this stage. Consequently, the likelihood of successful transfer is too small to
justify clinical application of the process (Fin00).

Laboratory diagnosis

The biopsied cells are examined by means of polymerase chain reaction (PCR)
or fluorescence in situ hybridization (FISH).

Diagnosis can be complicated by the occurrence of mosaicism, where
embryonic cells do not all have a uniform genetic composition. This
phenomenon gives rises to uncertainty, especially if only one cell is biopsied, as
to how representative the biopsied cell is of the embryo as a whole. A cell which,
as a result of mosaicism, is not representative can give rise to a false negative or
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false positive test result. A false negative will result in misdiagnosis, as described
in a case of trisomy affecting chromosome 21 (Mun98). The likelihood of
misdiagnosis can be reduced by biopsying and analysing two cells. The second
biopsied cell can also be used to pick up a false negative diagnosis. A false
positive diagnosis reduces the number of embryos available for transfer and thus
the likelihood of IVF resulting in pregnancy (Fin00). Conventional prenatal tests
are sometimes carried out to check whether a false negative diagnosis has been
made at the PGD or PGS stage.

PCR

PCR is a process by which a particular piece of DNA is copied repeatedly. Any
mutations in the DNA may then be detected by various methods. PCR is useful
in connection with monogenetic abnormalities involving a known mutation at a
known location. In many cases, the mutation is directly detectable in the copied
DNA; sometimes, however, it is necessary to use markers located in the vicinity
of the mutation. Because only a small quantity of genetic material can be
removed from the embryo, considerable amplification is needed for the
diagnostic testing. In the amplification process, great care has to be taken to
prevent contamination. The presence of DNA that is not of embryonic origin is
liable to mean that the analysis results are unclear or incorrect. Contamination
may be caused by paternal DNA (surplus sperm cells), maternal DNA (cumulus
cells), or DNA from other people present in the laboratory. As explained in
Subsection 3.1, ICSI is used to prevent contamination by surplus sperm cells.
Cumulus cells are removed prior to the biopsy. Contamination by third-party
DNA is prevented by using ‘sealed’ laboratory facilities, within which analysis
takes place in a special area. As a check, polymorph markers can be examined to
confirm that there is no DNA present other than the two paternal and two
maternal alleles (WelO1).

There is also a danger of the amplification itself leading to misleading
results. Sometimes, one of the two paternal alleles cannot be amplified by PCR
(or at least not properly), a phenomenon known as allele drop out (ADO). ADO
can lead to an allele with a mutation being overlooked. Misdiagnosis of a gender-
related disease following ADO of the Y chromosome has been reported (Har94).
In most cases, ADO can be detected by adding PCR markers (multiplex PCR).
These markers are invisible if an allele has not been amplified. In recent years in
Europe, no diagnosis has been possible in 18 per cent of cases involving
embryonic biopsy followed by PCR (ESH02, Table XIA).
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No systematic research has been conducted, from which it is possible to say how
often the results obtained are unreliable.

PCR has one important advantage over FISH, namely the process speed.
Obtaining a result quickly enables a healthy embryo to be transferred to the
prospective mother at the earliest opportunity, which in turn increases the
prospects of survival.

FISH

FISH is a technique that allows segments of chromosomes to be viewed.
Although it is not possible to establish a particular base sequence, the presence of
(a segment of) a chromosome can be detected.

In the past, the technique was used mainly in connection with recessive
gender-related diseases to detect embryo gender. However, it is increasingly
common that the specific mutation responsible for a gender-related abnormality,
or the mutation’s position on the X-chromosome, is known. In such cases, PCR
can now be used for diagnosis.

Nowadays, FISH is used mainly for the detection of aneuploidy
(abnormalities in the number of chromosomes, in particular monosomy and
trisomy) and chromosomal translocations (where segments of chromosomes
interchange positions). Using the existing FISH technique, five to ten
chromosomes in a single cell can be examined. For the detection of aneuploidy,
PCR methods have now been developed, which not only make the diagnostic
testing faster, but also allow a larger number of chromosomes to be examined
(FinO1).

The likelihood of a particular FISH-based diagnosis proving unsuccessful is
estimated to be 15 to 20 per cent (Har99, Fin00, ESH02).

CGH

One technique of which some researchers have high expectations is comparative
genomic hybridisation (CGH; Wil05). This technique is similar to FISH, but
allows all chromosomes to be analysed at the same time. By staining the
embryonic DNA fluorescent green and standard DNA with a normal karyotype
red, and then hybridising the two, any numerical abnormality is highlighted (if
the chromosome numbers are equal, no red or green is visible). This technique
appears viable once sufficient material has been obtained by PCR, but is
currently still experimental (Wil01, Vou02). Researchers have compared the in
vitro embryonic chromosome abnormality detection rates obtained using CGH
and FISH. Twenty women who had experienced repeated implantation failure
participated in the study. With CGH, more abnormalities were detected and
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better results were achieved (15 per cent of procedures led to pregnancy,
compared with 7 per cent with FISH; Wil03).

Embryo transfer

The last step of the PGD procedure involves transferring those embryos that are
not affected by the relevant genetic condition to the prospective mother’s uterus.
Embryos are selected on the basis not only of their genetic characteristics but
also of morphological criteria that are known to have predictive value in relation
to the viability and quality of the embryo. Attention is also paid to the shape and
appearance of the embryo and the cell division rate. It is estimated that only 11
per cent of embryo transfers lead to pregnancy (see Table VIII in ESHO02). To
increase the prospects of success, therefore, several embryos are often
transferred at once. This increases the likelihood of pregnancy to 23 per cent per
transfer procedure (ESH02). However, because complications are more common
with multiple pregnancies than with single pregnancies, embryos should ideally
be transferred singly (Mac03a, ESHO3, Bra03). It appears that the likelihood of
pregnancy does not go on increasing the more embryos are transferred.
Researchers have developed a model, which can be used to predict the likelihood
of pregnancy from the following input parameters: the age of the woman, the
development of the embryos in vitro, and the day of transfer (Hun03).
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Annex

D

Information about PGD at the
Maastricht University Medical Center

PGD
Pre-implantation genetic diagnosis (Annex to the IVF leaflet)

Contents
Who is PGD for?

What does a course of PGD treatment involve?

How likely is it that PGD will lead to pregnancy?

What can be tested for?

How reliable is PGD?

Does PGD entail any risks?

Where does PGD take place and how do you go about getting it?

PGD stands for pre-implantation genetic diagnosis: testing an embryo for hereditary conditions
before it is transferred to the mother’s uterus. PGD has been carried out at the Maastricht University
Medical Center (azM) since 1995.

Who is PGD for?

In the past, it was possible to check for hereditary conditions only during pregnancy. Amniocentesis
and chorionic villi sampling are the most common forms of prenatal diagnostic testing (i.e. diagnostic

tests performed before birth). Prenatal diagnostic testing involves checking for hereditary conditions
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once pregnancy has been achieved, whereas pre-implantation testing involves performing checks

before pregnancy has started.

PGD is carried out only if one or both of the parents are associated with a serious hereditary condition
with a high (repetition) risk — and, of course, if it is technically possible to test an embryo for that

condition.

To be considered for IVF plus PGD, a couple must not only stand to gain from PGD, but also satisfy
the azM’s criteria for IVF. Before treatment can be provided, the Clinical Genetics Department has to
consider the couple’s genetic status. In addition, IVF team gynaecologists have to assess whether the

couple can be helped with IVF, by doing hormone tests on the woman and sperm tests on the man.

The request for PGD is then discussed by the azM’s PGD Committee, which decides whether a

procedure can (in principle) be started.

What does a course of PGD treatment involve?

The object of PGD is to separate embryos that have the hereditary condition that is causing concern
from embryos that don’t, and then transferring only ‘healthy’ embryos to the mother’s uterus. To
obtain embryos for the selection process, it is necessary to follow an IVF procedure. The IVF
procedure is largely as described in the leaflet ‘IVF, Test Tube Fertilisation’. It involves giving the
woman hormones to stimulate her ovaries, then performing a surgical puncture to collect the ova.
These ova are fertilised in the laboratory before the resulting embryos are transferred to the woman’s

uterus.

For the PGD treatment to have a reasonable chance of working, at least four to eight ova have to be
extracted from the would-be mother’s ovaries. In most cases (depending on the condition that the
PGD is intended to prevent), fertilisation is brought about using a method called ICSI. This involves
introducing a single sperm cell to the ovum in the laboratory. Fertilisation has to be brought about this
way, because testing for the relevant conditions can be difficult if other sperm cells, besides the one
that has fertilised the ovum, remain attached. More information about the ICSI method is provided in

the leaflet ‘ICSI Treatment’.

Once an ovum has been fertilised in the laboratory by a sperm from the woman’s partner, the ovum
begins to divide. The first division typically occurs roughly thirty hours after the ovum has been
extracted. Once an ovum has started dividing, we call the resulting group of cells an embryo. The first
division results in two daughter cells, which themselves divide a few hours later. This continues, so
that, about three days after extraction of the ovum, the embryo usually consists of eight daughter

cells. This is the ideal point at which to remove some cells for PGD.
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On the third day after fertilisation, one or two of the embryo’s eight cells are removed. Removing
material in this way is called biopsy. It involves using a very fine needle to make a small opening in
the membrane surrounding the ovum. A slightly larger needle is then used to suck one or two cells off

the eight-cell embryo.

The cells removed from the embryo are treated to make them suitable for genetic testing. If the tests
find that the biopsied cell(s) is/are clear of the relevant genetic condition, it may be assumed that the

embryo from which the cell(s) came is healthy.

The genetic testing is completed within a day, so that the ‘healthy’ embryos can usually be transferred
to the would-be mother’s uterus on the afternoon of the third day after ovum extraction, or the

morning of the fourth day.

In a PGD procedure, one or two embryos are transferred. If more than one or two of the embryos
created are deemed to be suitable for transfer, the ‘extra’ embryos may be frozen for future use,

subject to consultation with you.

How likely is it that PGD will lead to pregnancy?

The likelihood of success (i.e. pregnancy) depends mainly on how likely it is that the IVF treatment
will lead to pregnancy. On average, couples who receive IVF treatment because of fertility problems
have about a 20-25 per cent chance of pregnancy. The likelihood of pregnancy for couples that

undergo PGD is roughly 20-25 per cent per treatment.

What can be tested for?

At present, the centre at Maastricht can test for gender-related conditions, fragile X syndrome, cystic
fibrosis (CF), spinal muscular atrophy (Werdnig-Hoffmann disease, SMA type 1, SMA type 2),
Huntington’s disease, certain forms of hereditary ataxia (SCA 3), myotonic dystrophy (Steinert’s
disease; only if the man has the disease), and a number of hereditary chromosome abnormalities. In
PGD, the laboratory looks only for the particular condition that there is known to be an elevated risk
of. Where most conditions are concerned, preparatory blood tests have to be carried out on both of
the would-be parents and/or the family member who has the condition. The purpose of these tests is

to make sure that PGD is actually possible.

Gender-related conditions include Duchenne/Becker muscular dystrophy, haemophilia A/B and some
rare syndromes. When PGD is carried out in connection with a gender-related condition, distinction
may be made between male and female embryos. Generally speaking, only boys get these conditions,

so only female embryos will be transferred to the uterus.
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When PGD is carried out in connection with fragile X syndrome, the embryo is tested to find out
whether it has a predisposition to the condition. Distinction may be made between embryos (male or
female) that are affected (i.e. have the predisposition) and embryos that aren’t. PGD can be used to

help about half of the couples who are at risk from fragile X syndrome.

PGD can be used for CF if both parents carry the deltaF508 mutation. If the parents carry (an)other
mutation(s), preparatory blood tests are needed to find out whether PGD is possible. In PGD for CF,
the laboratory checks to find out whether the embryos are affected (i.e. have a double predisposition
to CF) or unaffected (i.e. completely clear of the mutation or carry it without being liable to develop
CF). When transferring embryos to the uterus, it is not possible to distinguish between carrier-
embryos and completely clear embryos. You can get more information about the transfer of carrier-

embryos.

PGD can be used for spinal muscular atrophy if both parents are known to lack a segment of
chromosome 5 that is responsible for hereditary predisposition. PGD can then distinguish between
embryos that are affected and those that aren’t. It is not possible to tell by PGD whether an embryo is

a spinal muscular atrophy carrier.

Where Huntington’s disease or SCA 3 is concerned, preparatory blood tests need to be carried out on

both would-be parents to find out whether PGD is possible.

In PGD for myotonic dystrophy, distinction is made between embryos that are affected and those that
aren’t. PGD can’t be used to find out how serious the disease would be in the person that the embryo
might develop into. At Maastricht, PGD is used for myotonic dystrophy only if the man has myotonic
dystrophy. If the woman has Steinert’s disease, PGD is not carried out, because women with this
disease may develop complications if they undergo IVF treatment. Under such circumstances, the

alternatives to PGD will be discussed with you.

PGD can be used to assist couples where either the man or the woman carries a chromosome
abnormality such as a translocation, if there is a high risk that the couple will have a child with an
abnormal chromosome pattern, or a high risk of repeated miscarriage. Each couple has to be assessed
individually to ascertain whether PGD is technically possible for them. This usually takes six to

twelve months.

Where all the above-mentioned conditions are concerned, only embryos that have been found to be
unaffected are considered for transfer to the would-be mother’s uterus. Embryos that are found to be
affected or for which the test results are indecisive are not considered for transfer. If more than one or
two unaffected embryos are available for transfer, a choice is made on the basis of the embryos’

shape and division rate.
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If a woman who requests IVE/PGD has or carries a condition herself, more thorough testing may be
needed to find out whether there is a risk of her suffering complications if she undergoes IVF
treatment. A decision about whether to go ahead with PGD is made only once it is clear whether the

woman is at risk.

How reliable is PGD?

At the moment, an embryo’s gender can reliably be determined. If diagnostic tests are performed on
two cells, the reliability is estimated to be 98 per cent. In other words, there is a 2 per cent chance that
the result will be wrong. The reliability of diagnostic testing for conditions that do not involve gender
determination is about 95 per cent in most cases. However, the reliability for an individual couple
may be higher or lower. Because PGD has only recently been developed and every new method has
its limitations, clients who become pregnant following IVF/PGD are offered chorionic villi sampling

or amniocentesis as well.

Does PGD entail any risks?

As far as anyone is aware, the removal of one or two cells from an eight-cell embryo (biopsy) does
not affect the embryo’s development. Nor is there any clear evidence that children born following
PGD are more likely to have abnormalities than other children. However, it is important to

understand that relatively little experience has so far been gained with this new technique.

Where does PGD take place and how do you go about getting it?

In the Netherlands, PGD is currently carried out only at Maastricht University Medical Center. If you
think that you may qualify for PGD, we advise you to begin by talking to your own clinical
geneticist, gynaecologist or GP. After that, a written request may be made to the azM’s PGD

Committee. Contact details are provided below.

Each application is discussed by the PGD Committee. In some cases, the Committee may respond by
telling the couple that it will not be (technically) possible to help them in the short term, or that their
request has been turned down for some other reason. If PGD is in principle possible, an appointment
will be arranged in Maastricht to discuss all aspects of the treatment and the available alternatives.
Following this discussion, the findings may be considered by the PGD Committee again and you will
be given time to think things over and decide whether you definitely want to go for PGD. If you opt
to have PGD, one of the IVF team gynaecologists will need to carry out an examination. If IVF plus
PGD can go ahead, you will be placed on a waiting list. When it is your turn, you will be invited to

attend the Center.

Information about PGD at the Maastricht University Medical Center
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The PGD Committee’s Medical Coordinator is Dr C de Die-Smulders. Her phone number is 043 387
7855. If you have any questions, they should be addressed to Dr de Die-Smulders.

Written requests should be sent to:
Maastricht University Medical Center

Clinical Genetics Department
Attn. of Dr C de Die-Smulders
Postbus 5800

6202 AZ Maastricht

How to get there

Visiting address:

P Debyelaan 25, District 29, Maastricht
Postal address: Postbus 5800

6202 AZ Maastricht

General phone number: 043 387 6543
http://www.azm.nl

Text: July 2004

Editing and coordination: Patient Information Department
Production: Facility Unit, Audiovisual Product Group

23230-0704
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