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Abstract

The Preimplantation Genetic Diagnosis International Society (PGDIS) was organized in October 2002, with the purpose of
encouraging and co-ordinating research, education and training in this multidisciplinary field, requiring a close collaboration
of obstetricians, fertility specialists, embryologists and human geneticists. One of the major tasks of PGDIS is to advance
the safety and accuracy of PGD and to encourage its adoption into clinical practice for improvement of genetic practices and
reproductive medicine. In this context, PGDIS published voluntary guidelines applicable for any centre offering PGD in 2004,
and these guidelines are now being updated and extended based on the present extensive PGD experience. The application of
these guidelines is intended to further benefit patients and provide guidance to the laboratory staff. As in previous guidelines,
PGDIS presents this document being aware that differences in national regulations exist that can affect local PGD practice.
The document contains recent consensus points of general application that promote quality biopsy procedures and laboratory
practice, enabling PGD centres to offer an improved clinical outcome to their patients. A variety of aspects related to a safe
working system have been taken into consideration, based on the assumption that a quality programme depends on the co-

operation of the whole PGD team.
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Disclaimer for clinical guidelines

This guideline is designed primarily as an educational
resource for centres offering PGD to help them to provide
quality medical services. Adherence to these guidelines
is completely voluntary and does not necessarily ensure a
successful medical outcome. This guideline should not be
considered inclusive of all proper procedures or tests or
exclusive of other procedures and tests that are reasonably
directed to obtaining the same results. In determining the
propriety of any specific procedure or test, the clinician and
laboratory should apply their own professional judgment
to the specific clinical circumstances presented by the
individual patient or specimen.

Clinicians and laboratories are encouraged to document the
reasons for the use of a particular procedure or test, whether
or not it is in conformance with this guideline. They also are
advised to take notice of the date this guideline was adopted,
and to consider other medical and scientific information
that becomes available after that date.

Introduction

Preimplantation genetic diagnosis (PGD) is currently an
established procedure, allowing at risk couples to have
an unaffected child without facing prenatal diagnosis and
termination of pregnancy. The detection and avoidance from
transfer of embryos with genetic abnormalities is also an
alternative to the traditional selection of the embryos based on
morphologic criteria.

The Preimplantation Genetic Diagnosis International Society
(PGDIS) was organized in October 2002, with the purpose of
encouraging and coordinating research, education and training
in this multidisciplinary field, requiring a close collaboration
of reproductive medicine physicians, fertility specialists,
embryologists and human geneticists (Kuliev and Verlinsky,
2004). One of the major tasks of PGDIS is to advance the
safety and accuracy of PGD and to encourage its application
into clinical practice for improvement of genetic practices and
reproductive medicine.

In this context, PGDIS drafted voluntary guidelines in 2004,
applicable for any centre offering PGD (PGDIS, 2004). The
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application of these guidelines was intended to benefit patients
and provide guidance to the laboratory staff. These guidelines
are now updated in the light of current developments in PGD,
which has presently been applied in approximately 30,000
clinical cycles performed for 170 different conditions (Table 1).
This has resulted in the birth of thousands of children free of the
conditions for which PGD was performed, with a comparable
prevalence of abnormality to that in the general population,
further supporting the safety of PGD. PGD is currently
performed for single gene disorders, late onset disorders with
genetic predisposition, chromosomal disorders, including
aneuploidy and structural rearrangements, and HLA typing to
improve the access to HLA matched stem cell transplantation.

PGDIS presents this document being aware that differences
in national regulations exist that can affect the local PGD
practice. The document contains consensus points within
PGDIS, concerning general applications which promote quality
laboratory practice, enabling PGD centres to offer the good
clinical outcome to their patients. A variety of aspects related
to a safe working system have been taken into consideration,
based on the assumption that a quality programme depends
on appropriate co-operation of the multidisciplinary team
involved.

1 PGD indications

PGDIS considers that PGD is indicated for the following
purposes:

1.1 For carriers of Mendelian disorders in order to have an
unaffected offspring without facing prenatal diagnosis and
clinical termination of pregnancy

1.2 For HLA typing with the purpose of conceiving a sibling
that is a match to an older sibling who requires stem cell therapy
(Verlinsky and Kuliev, 2006).

1.3 For carriers of translocations or other structural chromosome
abnormalities in order to have an unaffected offspring without
facing prenatal diagnosis and termination of pregnancy, to reduce
the risk of miscarriages (Munné ef al. 1998a, 2000; Verlinsky et
al. 2005), and/or to improve the chance of unaffected conception
in infertile carrier couples (Otani ez al. 2006) (further discussion
in Appendix A.1). This indication includes recurrent pregnancy
loss (RPL) caused by translocations.

1.4 For idiopathic RPL. Although the prognosis to conceive a
child after standard treatment is good, couples wanting to reduce
the trauma, pain and side effects of recurrent miscarriages can
use PGD to reduce the risk of miscarriage (Werlin et al. 2003;
Munné et al. 2005).

1.5 For infertile patients. Several sub-indications have been
proposed:

1.5.1 PGD has been shown to significantly reduce trisomic
conceptions (Colls et al., 2007). Thus, PGDIS considers this
a valid indication regardless of maternal age and number of

embryos produced.

1.5.2 PGD has also been shown to reduce significantly
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spontaneous abortions in infertile couples undergoing IVF
(Munné et al., 1999, 2006). Thus, for couples wanting to
prevent the risk of miscarriages, PGDIS considers this a valid
indication regardless of maternal age and number of embryos
produced.

1.5.3 PGD has been proposed as a method to increase take-
home baby rates in certain subgroups of IVF patients (see
Appendix A.2). Although there have been contradictory studies,
rigorous analysis of methodology used in those studies (see
Appendix A.2) has led PGDIS to nonetheless consider that the
procedure, if performed adequately, is not detrimental, and thus
can be performed in centres following best practice methods as
described in Section 8.

2 Set-up of a PGD programme

PGD is based on the oocyte or embryo biopsy and DNA
analysis of the biopsied material by PCR or fluorescent in-situ
hybridization (FISH). The biopsy procedures presently range
from the first and second polar body (PB1 and PB2) sampling, to
a single blastomere removal at the cleavage stage, or blastocyst
biopsy, which also provides a possibility of a confirmatory
diagnosis following the PB or blastomere analysis (De Boer et
al., 2004; Verlinsky and Kuliev, 2005). Although the methods
involved in achieving PGD accuracy will differ depending on
circumstances, in many occasions a reliable diagnosis can be
achieved by using two or three different methods, especially
when more than one indication for PGD is involved.

A PGD programme requires the involvement of several
units. Communications between these units should be clear,
informative and kept under strict quality control.

2.1 IVF centre. All patients entering a PGD programme should
be informed about the procedure, the expected results, the
experience in the specific centre, and the limits of the technique.
Specific informed consent forms must be discussed with
patients; their written authorization to perform the treatment
should be required.

2.2 Genetic counselling. Evaluation of couple’s reproductive
history and adequate genetic counselling should be part of
the preliminary evaluation for all PGD patients, particularly
for couples at high genetic risk due to chromosome structural
abnormalities or monogenic diseases.

2.31VFlaboratory. The laboratory should be organized according
to the guidelines for good practice in IVF laboratory prepared
by the ESHRE Embryology Special Interest Group (Gianaroli
et al., 2000). All laboratory procedures and protocols should
be collected in a manual that is kept updated by the laboratory
director; the current version should be available for utilization
by every member of the staff. This enables strict uniformity
of treatment. The procedures for single embryo culture, cell
biopsy, and transfer of the selected embryos on the basis of the
genetic results are additional aspects expressly related to the
PGD programme.

2.4 Genetic laboratory. Protocols for single-cell genetic analysis
or analysis of biopsied cells, both by FISH and PCR, should
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be available, as should be unique identification systems for
patients and for each cell or biopsy.

2.5 QC protocols should be in place for each genetic analysis
protocol. These should include error rates calculated on at least
an annual base. Error rates should be measured by reanalysis
with the same protocol of cells from non-replaced previously
diagnosed embryos.

3 Patient management

Patients should be informed of the procedure to be applied in
their specific case and on the expected results. If the requested
genetic analysis is not performed by that centre, information on
tests available in other centres should be provided.

3.1 PGD feasibility for gene defects. The first step is to verify
if the specific genetic analysis is feasible, either targeting the
mutation in question or using the linkage analysis which allows
PGD for any genetic disease, irrespective of the availability of
specific sequence information (see Appendix A.3).

3.2 Reproductive counselling. The pertinent documentation on
the reproductive history of the couple should be analysed and, if
necessary, completed with additional examinations (e.g. sperm
analysis, karyotype, hysteroscopy).

3.3 PGD set-up. Before initiating hormonal stimulation and
PGD for single-gene disorders and translocations, a work-up
should be performed to establish the feasibility of the assay and
develop a specific design for each couple, before performing
the actual PGD (see Appendix A.4).

4 IVF stimulation protocols

As PGD represents a method of embryo selection, a good
response to hormonal stimulation is an important prerequisite
for a successful PGD cycle.

4.1 Poor responders should be informed of their reduced
success rate.

4.2 Stimulation should be devised to increase the optimal
number of retrieved oocytes.

An embryo freezing programme should be available in case
cryopreservation of generated embryos is necessary.

4.3 Fertile patients undergoing a PGD cycle should be advised
to have protected intercourses in order to avoid the risk of
spontaneous pregnancy.

4.4 When starting the IVF/PGD cycle, the couple should be
required to sign an informed consent that is specific for the
requested PGD (e.g. PGD for a given single-gene disorder(s),
PGD for translocations, PGD for aneuploidy, PGD for only HLA
matching). The consent should provide explicit information
on the current error rate in that PGD centre and pertinent
recommendation (e.g. conventional prenatal diagnosis in case
of pregnancy).

5 IVF and insemination

5.1 In PGD performed for aneuploidy and translocations using
FISH, there are no restrictions on the technique of insemination.
Conversely, for carriers of single gene disorders where PCR
will be applied, or for molecular (CGH, DNA microarrays)
assessment of chromosome status, ICSI is recommended in
order to avoid sperm contamination. For the same reason,
removal of corona cells should be especially meticulously
performed.

5.2 Single-embryo culture is compulsory after biopsy has been
performed.

6 Source of DNA for PGD and
biopsy methods

6.1 Types of cells to biopsy

6.1.1 First and second polar body (Verlinsky and Kuliev,
2005). In PGD for aneuploidy, polar bodies can be removed
simultaneously from pronuclear zygotes, whereas in PGD for
single gene disorders they must be removed sequentially. PGD
on a polar body only permits diagnosis of female-related defects.
In polar body fragmentation, extreme attention is required for
complete recovery.

6.1.2 Blastomere biopsy from day 3 embryos can be used for
any type of PGD indication.

6.1.3 Blastocyst biopsy of trophectoderm cells. The clinical
application of this technique is very recent and only limited data
have been reported (De Boer, 2004). Therefore, its applicability
on a large scale needs validation.

6.2 Embryo biopsy procedure

6.2.1 Significant experience is required from the person
responsible for biopsy of embryos. PGDIS recommends that this
procedure be learned from expert laboratories or practitioners,
and periodic retraining undertaken using discarded embryos.
PGDIS discourages clinical embryo biopsy by personnel
performing the technique sporadically or having little prior
experience.

6.2.2 Before initiating PGD, the centre should validate that
performance of the biopsy procedure does not have a deleterious
effect on the embryos viability.

6.2.3 A single blastomere should be removed from embryos
that have already entered the third cleavage division (at least
5 blastomeres). Biopsy of two cells should be avoided (see
Appendix A.2).

6.2.4 Presence of a clearly visible nucleus guides the selection
of the blastomere to be biopsied.

6.2.5 Three methods for opening the zona pellucida have been

reported: mechanical, chemical, laser. It is recommended that
only one breach in the zona be made in order to avoid loss of
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blastomeres during the procedure or embryo entrapment during
hatching. Procedures resulting in large zona openings (>60 um),
excessive embryo squeezing, excessive heat from unaligned
lasers, can be detrimental and should be avoided.

6.2.6 Biopsy medium. As for other micromanipulation
procedures, the medium used should be the same as that in
which the embryo was cultured, with the exception of being
Ca-Mg-free to avoid a ‘shock’. Ideally these embryos should be
biopsied in this media in a short period of time (about 1 min).

6.2.7 Sucrose could supplement the media in order to shrink the
cells and allow the use of smaller zona pellucida openings.

6.2.8 Speed of the biopsy procedure is critical. It is recommended
that one person do the embryo biopsy and a second perform
dish change-over of embryos in order to minimize the time the
embryos are outside the incubator.

6.2.9 Adequate number of incubators are recommended
to minimize opening and closing the incubator, and hence
producing temperature fluctuations.

6.2.10 Biopsied cells should be intact to ensure good quality
results.

6.2.11 Following biopsy, validation by two persons involved in
dish preparation and embryo culture is recommended in order
to guarantee the unique correspondence between the embryo
biopsied and the biopsied cell tested. Special attention must be
paid in clearly identifying and labelling, especially if the genetic
analysis is to be performed in a laboratory different from that
performing biopsy.

6.2.12 Single-embryo culture is thereafter compulsory.

6.2.13 If biopsied cells are sent from IVF centres to PGD
reference laboratories, embryologists in the IVF centres should
be aware of the necessary conditions to retrieve and prepare the
samples for delivery.

6.2.14 A declaration from the IVF laboratory should accompany

the samples stating that correspondence between blastomere
and embryo identification was verified.

6.3 Polar body biopsy procedure
6.3.1 Mechanical polar body biopsy is recommended, with

several differences from the procedure of embryo biopsy
(Verlinsky and Kuliev, 2005).

7 PCR for single-gene disorders
PGD is presently applied to approximately 170 different
conditions with the range of indications is gradually expanding

(see Appendix A.5).

7.1 To initiate PGD for single gene disorders the following
procedures are recommended:

7.1.1 Confirmation of the detected mutations in the DNA in that
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family, for which purpose a variety of strategies exist.

7.1.2 Confirmation also is required in X-linked disorders, for
which PCR analysis should be used for identification of specific
mutation or linked markers.

7.1.3 Identification of closely linked markers that can be
included in the reaction, as determined by studying family
members. Definition of minimal requirements exists (Rechitsky
et al.,2001; Sermon, 2002).

7.1.4 Availability of exogenous DNA-free reagents.
7.1.5 Availability of a dedicated, fully equipped area for PGD.

7.1.6 Identification of the appropriate positive and negative
controls.

7.1.7 Haplotyping in male de-novo mutations and in the absence
of offspring for testing.

7.1.8 Test validation on single cells (e.g. buccal cells,
lymphocytes, discarded or donated blastomeres), using the
following recommended guidelines:

7.1.8.1 Amplification efficiency not less than 85%

7.1.8.2 Application of the protocols of simultaneous detection
of the causative gene as well as highly polymorphic markers
closely linked to the gene tested this will detect preferential
amplification and allele-drop out (ADO) (see Appendix A.6).

7.1.8.3 Use of the polymorphic markers to detect and avoid
extraneous DNA contamination, which should be no greater
than 5%.

7.1.9 PGD reference laboratories: IVF centres sending samples
to PGD reference laboratories for the first time should do a
test (dry) run in order that the PGD reference laboratory can
verify that amounts of DNA contamination are tolerable in
PCR samples and that the number of tubes with no cells is
acceptable.

7.2 To perform a clinical case for PGD of gene defects the
following steps are recommended:

7.2.1 Recommended strategy includes nested PCR and
fluorescent PCR in a multiplex reaction, with one blank for
every cell and use of positive controls (i.e. parents’ blood
carrying the same genotype) along the clinical cycle.

7.2.2 PCR set-up. The preliminary phase must be satisfactorily
completed, with results interpreted preferably by two
independent readers before starting the clinical case.

7.2.3 Both alkaline lysis and proteinase K/SDS (potassium/
sodium dodecyl sulphate) have been reported to give comparable
results and are equally acceptable.

7.2.4 The PCR results should be read by two independent
readers. The only embryos that are given a diagnosis are those
in which results are concordant.

O
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8 PGD for chromosomal disorders
(FISH)

8.1 Cell fixation needs to be performed before PGD analysis
of chromosome disorders through fluorescence in-situ
hybridization (FISH):

8.1.1 Methanol: acetic acid is recommended to minimize
signal overlap and associated errors, and to reduce the loss
of micronuclei and DNA fibres (Velilla et al., 2004). No
fixative drops should be added once the cytoplasm has broken.
Appropriate stereoscope optics and mirrors are required to see
the tridimensionality of this process.

8.1.2 The presence of nuclei and lack of cytoplasm should be
confirmed before sending the slide for FISH analysis, using a
phase contrast scope.

8.1.3 Significant experience is required from the person fixing
these cells. PGDIS recommends that this procedure be learned
from expert laboratories or practitioners, with periodic retraining
undertaken using day 2 embryo mouse blastomeres.

8.2 To perform FISH for PGD of chromosomal disorders, these
procedures should be followed:

8.2.1 Probes should be tested on normal and trisomic cell lines
to evaluate the efficiency, especially in the case of ‘home-brew’
probes.

8.2.2 For probe validation, FISH diagnosis should be verified
on at least 95% of the analysed cells alluded to in Section 8.1.

8.2.3 In PGD for aneuploidy, ideally an aggregate set of eight
chromosome probes is recommended, including chromosomes
X, Y, 13, 15, 16, 18, 21, 22, whose aneuploidies are mostly
represented in spontaneous abortions.

8.2.4 In PGD for translocations, the adequate combination
of probes should be tested on carriers’ lymphocytes in order
to validate the ability to detect unbalanced rearrangements
(Munné et al., 2000; Gianaroli et al., 2002). A minimum of two
distal and one proximal, or two proximal and one distal, probes
should be used to detect all potential segregations.

8.2.5 Scoring criteria should be established for the interpretation
of FISH signals (Munné et al., 1998b; Magli et al., 2001).

8.2.6 Qualified personnel with genetic expertise and having a
PhD or MD degree should direct and supervise each clinical
case.

8.2.7 FISH signals should be recorded by two independent
readers. Results should be compared and a consensus reached
in the case of discordance. If discordance occurs, the use of ‘no
result rescue’ (NRR) is recommended (see Section 8.2.8).

8.2.8 NRR (Maglietal.,2001;Colls etal.,2007) isrecommended
to reduce the number of cells with dubious results and reduce
errors. NRR consists on reanalysing a cell with no clear results
for a specific chromosome with a probe binding to the same
chromosome but to a different locus.

8.2.9 PGD reference laboratories: IVF centres sending samples
to PGD reference laboratories for the first time should do a test
run (‘dry-run’) so the PGD reference lab can verify the quality
of the cells fixed for each person fixing cells. Training should
be sought if fixation techniques are not of the standards of the
reference laboratory as stated in Section 8.1.

8.2.10 Psychological counselling. Psychological support should
be extended to PGD couples who have a history of reproductive
failure.

9 Embryo transfer

The IVF laboratory must receive from the genetic laboratory
a written report of the performed analysis. A diagnosis should
be reported for any tested embryo. Embryos recommended for
transfer should be clearly indicated.

9.1 Information to patients. Prior to transfer, patients must be
informed of results obtained. This is recommended also in cases
in which no transferable embryos are detected.

9.2 Given that the error rate after single-cell analysis is
not negligible, conventional prenatal diagnosis should be
recommended to confirm the analysis performed on a single
cell.

9.3 From clinic to clinic certain variables exist and are
acceptable: transfer medium and catheter, use of ultrasound
guidance, day of transfer, number of embryos to be transferred.
General recommendations include soft catheter, very gentle
mode of transfer and number of embryos transferred (it is
recommended not to exceed two).

9.4 Selection of embryos for transfer. A double-check point
is recommended at the time of transfer to verify both patient
identification and embryo selection.

9.5 Transfer of non-biopsied or non-diagnosed embryos is
generally not recommended; however, this can be considered
in aneuploidy testing if no other options exist and the couple is
suitably informed.

10 Spare embryos

10.1 Cryopreservation of PGD normal embryos with regular
development. Initially, cryopreservation on day 3 of biopsied
embryos had a low success rate (Joris et al., 1999; Magli et
al., 1999), but improved survival rates were later reported
(Jericho er al., 2003). Expanding culture to blastocyst is
another way to minimize the number of spare embryos needing
cryopreservation. A ‘double-check point’ is recommended
at the time of freezing in order to verify patient and embryo
identification.

10.2 Non-transferred, non-cryopreserved embryos should
be used for confirmation of PGD results, specifically by re-
analysing all blastomeres of these embryos. A systematic re-
analysis should be performed to determine efficiency of the
technique and estimate the current one-cell error rate, which is
recommended as less than 10%.
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11 Follow-up of pregnancies

Although the birth of healthy children is the aim of PGD,
the reduction of the risk of miscarriages is also the important
objective for the couples with translocations and/or recurrent
pregnancy loss. Therefore, follow-up of clinical pregnancies is
pivotal for evaluation of the efficiency of the technique.

11.1 Implantation rate, calculated as the proportion of viable
embryos per the number of embryos transferred.

11.2 Clinical pregnancy rate, calculated as the number of
embryos with heart beat per number of transfers, and take-
home baby rate.

11.3 Clinical pregnancy loss (spontaneous abortion) rate,
calculated as proportion of pregnancy losses per number
of clinical pregnancies. The analysis of the aborted fetus is
recommended as it helps determine the correctness of PGD
results, i.e. in-vivo efficacy.

11.4 Follow-up of infants. Identification of major and minor
malformations will help determine the effects related to the
biopsy procedure. An extended follow-up would be especially
valuable for evaluation of long-term effects possibly derived
from the invasiveness of the technique. Definitions and
recommended protocols are available (Simpson and Liebaers,
1996)

12 Quality control and assurance:
outcome measures

Because the results of PGD depend on the experience and quality
of the multidisciplinary work, each affecting significantly the
overall outcome, the results from the PGD programme should
be monitored on a systematic basis from each individual centre.
Outcome measures include the following:

12.1 Proportion of cells overtly damaged during embryo
biopsy.

12.2 Proportion of cells for which a diagnosis was not
obtained.

12.3 Misdiagnosis rate per embryo and per pregnancy calculated
in vitro.

12.4 Misdiagnosis rate calculated in vivo.

12.5 Implantation rate.

12.6 Clinical pregnancy loss rate.

12.7 Clinical pregnancy rate.

12.8 Take-home baby rate.

12.9 Multiple pregnancy rate (monozygotic versus dizygotic).

12.10 Minimum number of pre-clinical assays to be performed
in a given laboratory before clinical application.
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12.11 Ceriteria to assess the competence of the staff involved in
the different steps of PGD.

13 Future perspectives

Novel techniques and PGD applications have been proposed in
recent years for improving the performance of PGD: multiple
displacement amplification (MDA), metaphase conversion for
second polar body and blastomeres, DNA microarrays and chip
technology. Valuable information is deriving from preliminary
reports, but additional data are necessary before considering
these procedures as part of the standard clinical application.
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Appendix A.1

Spontaneous abortion rates after PGD of translocations
are reduced to about 10% and birth rates increased to about
90% (Munné et al. 1998, 2000) compared with 29 and 71%
respectively, following evaluation and treatment of concomitant
factors (Stephenson and Sierra, 2006).

Appendix A.2

Rationale

The potential of preselection of euploid embryos for transfer
is based on the well established fact that approximately half
of oocytes and embryos tested in poor prognosis IVF patients
are chromosomally abnormal (Kuliev et al., 2003; Magli et al.,
2007; Munné et al., 2007a).

PGD was thus proposed as a method to increase take-home baby
rates (Munné et al., 1993), specifically for women 35 and older
with a minimum of 6 biopsiable embryos (Munné et al., 2003).
In addition, PGD for infertility has been applied for other poor
prognosis IVF patients, including repeated IVF failures.

Limitations and mosaicism

The accuracy of PB or embryo biopsy approaches may be
limited, because oocyte testing does not detect errors from
paternal meiosis, fertilization related abnormalities and mitotic
errors, whereas a single biopsied blastomere might not represent
the actual karyotype of the embryo. This is because while
approximately 30% abnormal embryos are mosaics, mosaicism
alone causes only about 5% of diagnostic errors because in most
mosaics almost all cells are abnormal (Colls et al. 2007). A third
alternative could be preselection of embryos for transfer may be
performed by a combination of mechanical zona opening and
sequential PB1, PB2 and blastomere sampling (Cieslak et al.
2006).

Factors affecting clinical success

Except for a few series, the existing experience suggests
significant positive impact of aneuploidy testing on the
reproductive outcome of poor prognosis IVF patients (Gianaroli
et al., 1999, 2001; Munné et al., 1999, 2003, 2006). Applied
presently in over 20,000 IVF cycles in the effort to pre-select the
embryos with highest potential to result in pregnancy, PGD for
chromosomal disorders has demonstrated the positive clinical
impact through the improved implantation and pregnancy
rates, reduction of spontaneous abortions and improved take
home baby rate in poor prognosis patients, including those of
advanced reproductive age, repeated IVF failures and recurrent
spontaneous abortions.

Although there is strong evidence that PGD for chromosomal
aneuploidy will potentially contribute to the pregnancy
outcome of the poor prognosis IVF patients, the actual impact
will depend on success in adhering to the guidelines in this
document. Transfer of incorrectly tested abnormal embryos will
lead to implantation and pregnancy failures; thus, testing of the
products of conception obtained after spontaneous abortions
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may be also useful. Further improvement of the accuracy and
completeness of the chromosomal analysis will be necessary
to improve impact of the procedure on the clinical outcome.
The beneficial effect of PGD depends on minimizing biopsy
damage.

The lack of positive effect of aneuploidy testing in two of
the three published randomized trials (RCT) (Staessen et al.,
2004; Platteau et al., 2005) may be due to potential detrimental
effect of two blastomere removal, which definitely reduced the
implantation potential of the biopsied embryos to the extent that
could not be bridged even by preselection of aneuploidy free
embryos (Cohen et al., 2007). In the other RCT that failed to
detect the positive effect, a single blastomere was tested, but
biopsy per se significantly (56%) decreased implantation rate
(Mastenbroek et al., 2007). If biopsy is not done appropriately,
PGD selection may not compensate for that damage. In addition,
not all the chromosomes recommended in these guidelines were
tested. There further must have been poor selection of cases
given a mean number of only 4.8 embryos, fewer than the 6.0
recommended for eligibility (Cohen and Grifo, 2007; Munné et
al., 2007b,c; Kuliev and Verlinsky 2008).

Although further randomized controlled studies will still be
required to quantify in more detail the clinical impact of the
pre-selection of aneuploidy free zygotes for embryo transfer,
any participating centre must first be able to verify that the
biopsy procedure in their hands does not have undue deleterious
effect on embryos viability. In the absence of the appropriate
randomized controlled studies, the positive impact of PGD was
demonstrated by the comparison of reproductive outcome in
the same patients with and without PGD (Gianaroli ez al., 2004;
Verlinsky et al., 2005).

[TABLE 1 HERE]

Appendix A.3

This approach might be more universal, for it makes it possible
to track the inheritance of the mutation without actual testing
for the gene itself.

Appendix A.4

Depending on the mutation studied, different primer systems are
designed, with special emphasis on eliminating false priming to
possible pseudogenes, for which purpose the first-round primers
are designed to anneal to the regions of non-identity with the
pseudogene. This preparatory work may require single sperm
typing for the establishment of the paternal haplotypes, thus
dictating linked marker analysis in addition to mutation testing,
especially in cases of paternally derived dominant conditions.

Appendix A.5

The most frequent indications remain cystic fibrosis, haemoglobin
disorders, and dynamic mutations (Table 1; Kuliev ez al., 2007).
Indications are expanding to include the risk for common diseases
with genetic predisposition and such non-genetic conditions, as
HLA typing with the purpose of stem cell therapy of the affected
siblings in the family (Verlinsky and Kuliev, 2006).
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Appendix A.6

Preferential amplification and allele-drop out-(ADO) are in the
range of not lower than 10%, being the main potential cause of
PGD misdiagnoses. With a sufficient number of linked markers
tested together with the causative gene, a risk for misdiagnosis
may be substantially reduced or practically eliminated. The
protocol involves a multiplex nested PCR analysis, with the
initial first round PCR reaction containing all the pairs of
outside primers, followed by amplification of separate aliquots
of the resulting PCR product with the inside primers specific
for each site. Following the nested amplification, PCR products
are analysed either by restriction digestion, real time PCR, direct
fragment size analysis, or minisequencing.
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