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Success Rate 

The mean success rate per cycle is about 10%; it 
decreases with the number of insemination cycles, 
from 10.3% during the first 6 months to 2.3% after 
24 cycles of treatment. This indicates that more fer- 
tile women conceive more readily. This success 
rate is dependent on the women's ages, the AID 
indication, the semen quality, and especially, the 
postthaw motility. The cumulative success rate 
(dropout excluded) for all women is 48% of preg- 
nancies at 6 cycles, 66% at 12 cycles, and 80% at 
24 cycles. The mean success rate per cycle is 15% 
with intrauterine insemination and 23% with IVFD 
(Table III). 

Pregnancy Outcome 

Since 1987 the CECOS Federation has imple- 
mented a prospective study on pregnancies 

achieved by AID (Table IV). The data concern 
11,800 pregnancies (2.3% lost to follow-up). The 
miscarriage rate is 17.7%: The rate of ectopic preg- 
nancies is 0.8%, and 81.1% of the pregnancies 
were continued to delivery; among these, 95% were 
single, 4% twins, and 0.4% triplets. The sex ratio 
was normal and the overall incidence of malforma- 
tions (including Down syndrome), less than 2%, is 
lower than in the general population. 
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Preimplantation Diagnosis of Genetic and 
Chromosomal Disorders 

INTRODUCTION 

Since preimplantation genetic diagnosis (PGD) was 
first undertaken a few years ago (1-4), nine centers 
in different areas of the world have started applying 
this new technique clinically and have already as- 
sisted dozens of couples at risk of producing off- 
spring with genetic disorders to become pregnant 
and deliver children free of genetic disorders (5,6). 
Recent experience was reviewed by the Fourth An- 
nual Meeting of the International Working Group on 
Preimplantation Genetics, organized in association 
with the international symposium, "Genetics of Ga- 
metes and Embryos," New York, June 2-5, 1994. 
The scope of the meeting included the current sta- 
tus of PGD, existing problems in sampling and ge- 
netic analysis, and areas for research in preimplan- 
tation genetics. 

Overall, 116 at risk couples participated in the 

clinical trials currently ongoing in these centers, 
and of a total of 164 PGD cycles performed to date, 
124 resulted in embryo transfer, 42 in a clinical 
pregnancy, and 31 in the birth of an unaffected 
child (Table I). Most centers performed a cleavage- 
stage PGD and achieved pregnancy rates compa- 
rable to that in standard IVF practice (20-30%). 
PGD for gender determination was performed in 
about half, and for single gene disorders in about a 
third, of the cycles; PGD clinical trials have been 
also initiated for common chromosomal trisomies 
(25 cycles), raising the possibility for wider appli- 
cation of PGD in assisted reproduction practices for 
couples of advanced maternal age. 

It is now important to develop and improve the 
methods for sampling and genetic analysis not only 
to make PGD more efficient and safe, but also to 
avoid possible misdiagnoses, reported to date by 
three most experienced centers (7-9). 
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Table I. Global Experience with PGD a 

Babies 
Genetic condition Patients Cycles Transfers Pregnancies born 

Gender determinators for 
X-linked disorders 54 83 70 23 21 

Single-gene defects 38 56 49 14 90 
Chromosomal disorders 24 25 15 5 c 1 

Total 116 164 134 42 31 

a Includes data reported from eight centers: Hammersmith, Cornell, Chicago, Brussels, Fairfax, Nor- 
folk, Barcelona, and Adelaide. 

b One affected. 
" Four ongoing pregnancies. 

PREIMPLANTATION DIAGNOSIS FOR 

X-LINKED DISEASES 

Risk for X-linked disease was one of the major 
indications for preimplantation diagnosis at most 
centers (Table II). Initially, this was performed using 
cleavage-stage biopsy and DNA amplification of Y 
(1)-, and then both X- and Y-specific sequences by 
polymerase chain reaction (PCR) (3). Later, fluores- 
cent in situ hybridization (FISH) with X and Y chro- 
mosome-specific probes was used (10-12). In ad- 
dition, the use of an 18-chromosome spec!fic probe 
in combination with X and Y probes has been rec- 
ommended to minimize misdiagnosis due to mosa- 
icism (13). A total of 54 patients Was studied (28 by 
DNA amplification and 26 by FISH) in 83 cycles, 
resulting in 70 transfers and 23 pregnancies, with 
21 unaffected liv.e-born children. Because of the 
possibility of misdiagnosis when DNA amplification 
is used at the cleavage stage, as reported in one of 
the first clinical cases by the Hammersmith group 
(7), preimplantation sex determination is currently 
performed by FISH at most centers. Although some 
groups still continue to use highly improved meth- 
ods of DNA amplification such as a single set of 
primers amplifying the homologous ZFX and ZFY 
sequences in the X and Y chromosomes (14) or X- 
and Y-linked amelogenin genes combined with the 
repetitive DYZ1 Y-linked satellite marker (15,16), a 

strong opinion is evolving that preimplantation gen- 
der determination should be done by FISH. 

Mosaicism and sperm DNA contamination may 
be possible problems of the cleavage-stage gen- 
der determination. The Hammersmith and Cornell 
groups have observed high rates of mosaicism in 
cleavage-stage human embryos involving both sex 
chromosomes (12,17) and autosomes (17,18). Ob- 
viously, sex determination by PCR of a single blas- 
tomere from an embryo with XO or XY/XO mosa- 
icism may lead to misdiagnosis of an XO blas- 
tomere as female (unaffected) and may result in the 
birth of a child with Turner's syndrome at high risk 
for X-linked disorder. The limitations of PCR for gen- 
der determination at the cleavage stage have been 
also demonstrated by the Cornell (19) and Chicago 
groups (unpublished data), using a combination of 
PCR and FISH techniques for PGD of X-linked dis- 
eases. Munn~ and collaborators (19) reported the 
use of FISH analysis in four clinical cases following 
PCR, either when PCR faiied or when embryos were 
diagnosed as males (to confirm the diagnosis) or 
arrested in the development. In two of these cases, 
in addition to the embryos selected for transfer by 
PCR, one embryo in each case was diagnosed by 
FISH. The transfer resulted in the birth of two normal 
twin females in one of these cases. In the confirma- 
tory analysis of the arrested embryos or those di- 
agnosed as affected by PCR, although FISH data 
were in agreement with the sex of the embryos di- 

Table II. PGD for X-Linked Disorders by Gender Determination ~ 

Method of Babies 
genetic analysis Patient Cycles Transfers Pregnancies born 

PCR 28 46 39 13 11 
FISH 26 37 31 10 10 

Total 54 83 70 23 21 

a Includes data reported from six centers: Hammersmith, Cornell, Chicago, Brussels, Fairfax, and 
Barcelona. 
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agnosed by PCR, FISH analysis detected two mo- 
saic embryos and two abnormal embryos, XO and 
XXY, diagnosed by PCR as normal female and 
male. Verlinsky and collaborators (unpublished 
data) used a combination of FISH and PCR for the 
cleavage-stage PGD of hemophilia A in one clinical 
case. Two blastomeres were biopsied from each 
eight-ceil embryo available for genetic analysis, 
one being used for DNA amplification and the other 
for FISH. Only those two embryos which appeared 
to be unaffected females based on both methods 
were transferred. Three embryos diagnosed as fe- 
male by PCR appeared to be either XO, XX/XY, or 
XY/XYY by FISH, suggesting possible amplification 
of sperm DNA or allele-specific amplification failure 
in the latter two and amplification of an XO blas- 
tomere in the first. Therefore, in spite of the limita- 
tions of FISH described under Problems in Accu- 
racy (below), FISH alone or in combination with 
PCR seems to be a reliable approach for preim- 
plantation gender determination and probably will 
be the method of choice for PGD of X-linked disor- 
ders at the cleavage stage. 

PRECONCEPTION AND PREIMPLANTATION 
DIAGNOSIS OF SINGLE-GENE DEFECTS 

Most centers have also attempted PGD by PCR 
for single-gene defects (Table III). A total of 56 PGD 
cycles has been carried out in 38 couples, embryos 
transferred in about 90% of the cycles, resulting in 
14 pregnancies, 7 births of children free of the ge- 
netic conditions in question, and 2 misdiagnoses, 
leading to selective termination of pregnancy in 1 

case. The cystic fibrosis (CF) 2~F-508 mutation was 
the major indication for PGD for single-gene de- 
fects: 33 cycles were carried out in 27 couples, 
which resulted in 31 embryo transfers, 8 pregnan- 
cies, and 5 unaffected children born. Both misdi- 
agnoses were in this group (8,9). In both of these 
cases cleavage-stage PGD was performed for cou- 
ples in whom only one partner carried the &F-508 
mutation, the other having a different CF mutation. 
That is, the potential affected fetus would be a com- 
pound heterozygote. Selective termination was per- 
formed in one pregnancy, but the second went to 
term despite a prenatal diagnosis that identified the 
pregnancy as affected. Among the other indica- 
tions were for following: (i) Tay-Sachs disease-- 
three patients, five cycles, three transfers, and one 
pregnancy resulting in the birth of an unaffected 
child; (ii) Lesch-Nyhan syndrome (LN)--two pa- 
tients, four cycles, three transfers, and one preg- 
nancy with delivery of an unaffected child; and (iii) 
hemophilia A--two patients, six cycles, six trans- 
fers, and one pregnancy resulting in a spontaneous 
abortion. Also, for (iv) Duchenne muscular dystro- 
phy (DMD), (v) o~-l-antitrypsin deficiency, (vi) reti- 
nitis pigmentosa, and (vii) fragile X, there was a 
single patient per condition, involving a total of 
eight cycles and six transfers, resulting in two on- 
going pregnancies (DMD; fragile X). Genetic anal- 
ysis in most cases involved the development of a 
specific strategy based on extensive preliminary 
studies: Examples are PGD of LN syndrome (Ham- 
mersmith), DMD (Brussels), Fra-X (Fairfax), CF 
AF-508 (Adelaide), and retinitis pigmentosa (Chi- 
cago). 

As mutations causing the deficiency of hypoxan- 
thine phosphoribosyl transferase (HPRT) in LN syn- 

Table III. PGD for Single-Gene Defects  a 

Babies 
Condi t ion Patients Cycles Transfers Pregnancies  born 

Cyst ic  fibrosis 27 33 31 9 6 b 
T a y - S a c h ' s  disease  3 5 3 1 1 
L e s c h - N y h a n  syndrome  2 4 3 1 1 
D u c h e n n e ' s  muscu la r  dys t rophy 1 1 1 l 1 
Hemophi l ia  2 6 6 1 r 
a- 1-Antitrypsin 1 5 3 0 
Retinitis p igmentosa  1 I 1 0 
Fragile X 1 1 1 1 

Total 38 56 49 14 9 

a Includes data  reported from seven centers:  Hammersmi th ,  Cornell,  Chicago,  Brussels ,  Fairfax, 
Norfolk, and Adelaide.  

o One  affected. 
c Spontaneous  abort ion.  
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drome are heterogeneous, Handyside and Hughes 
and their colleagues (unpublished data) first se- 
quenced the mutant gene and developed an indi- 
vidual nested PCR and mutation detection method 
for each of their two patients. A pregnancy was 
established in one patient on the third attempt, re- 
sulting in the birth of an unaffected girl after confir- 
mation of the diagnosis by CVS. 

A specific PCR assay for identifying male em- 
bryos carrying a deletion of exons 13 to 18 causing 
DMD was developed by the Brussels group (Lie- 
baers and collaborators, unpublished). A preim- 
plantation diagnosis was performed in a couple at 
risk based on the presence or absence of exon 17. 
Intracytoplasmic sperm injection (ICSI) was per- 
formed in metaphase II oocytes from the carrier, 
and the resulting embryos were sampled at the 
cleavage stage. Of six embryos tested, four ap- 
peared to be unaffected, and three were trans- 
ferred, resulting in a singleton pregnancy. Amnio- 
centesis at 16 weeks showed a normal noncarrier 
female and unaffected infant was born. 

A first PGD for fragile-X syndrome was reported 
by the Fairfax group (Levinson and collaborators, 
unpublished data). PGD was iDerformed at the 
cleavage stage, using nested PCR detection of 
CCG repeats combined with multiplex PCR for gen- 
der determination. The resulting pregnancy is on- 
going, but the diagnosis was not confirmed. 

Matthews and Cui (the Adelaide group, unpub- 
lished data) performed cleavage-stage PGD in two 
cycles by direct PCR detection of a 3-bp deletion at 
position 508 of the CF transmembrane regulator 
gene. Of 14 biopsied embryos in the first cycle, 2 
unaffected embryos were identified and replaced. 
A singleton pregnancy was achieved, but it aborted 
spontaneously at 7 weeks. 

One child has been born following PGD for Tay- 
Sachs disease by the Norfolk group (unpublished 
data). The approach used was similar to that de- 
veloped by the Chicago group (8), involving nested 
PCR and heteroduplex formation for a 4-bp inser- 
tion in exon 11 of the hexosaminidase gene. Three 
of seven biopsied embryos were diagnosed as un- 
affected and transferred, resulting in a singleton 
pregnancy. The diagnosis was confirmed at amnio- 
centesis and a normal female infant was born. 

PROBLEMS IN ACCURACY 

The collected experience of PGD for single-gene 
defects shows that the major problem to be re- 

solved remains avoidance of misdiagnosis. As 
mentioned, two misdiagnoses have been de- 
scribed following cleavage-stage PGD for CF. 
These might be explained either by sperm DNA 
contamination or by failure of allele-specific ampli- 
fication. The latter possibility may be studied for 
each gene locus in question before PGD is under- 
taken. A possible contamination with sperm DNA 
can be avoided using microsurgical fertilization by 
intracytoplasmic sperm injection: this approach has 
been used routinely by the Brussels group (20). 
Substitution of ICSI for routine insemination as in 
current IVF practice may be useful in cleavage- 
stage PGD for single-gene defects. 

Given the above, preconception diagnosis of sin- 
gle-gene defects by polar-body sampling could be 
reasoned to be the method of choice if sperm DNA 
contamination is confirmed to be a problem. Ac- 
cording to the experience reported by the Chicago 
group (8,21), polar-body-inferred PGD appeared to 
be accurate in predicting genotype and selecting 
unaffected oocytes for fertilization and transfer. The 
low pregnancy rate reported following polar-body 
diagnosis could have reflected the low mean num- 
ber of embryos available for transfer, rather than a 
detrimental effect of polar-body sampling. This was 
demonstrated in a follow-up study of embryos re- 
suiting from polar body-sampled oocytes in a clin- 
ical trial of PGD of common chromosomal trisomies 
related to maternal age (see below). 

Some recent developments in DNA analysis of 
single cells may also be highly relevant for improv- 
ing the efficiency and accuracy of PGD for single- 
gene defects. The major limitation of PGD using 
single blastomeres or polar bodies is the limited 
genetic material available in a single cell: This re- 
stricts the number of analyses needed for a confir- 
mation, simultaneous amplification of several loci, 
and backup analysis in multiple aliquots. The in- 
creasing potential of primer extension preamplifica- 
tion (PEP) for single-cell DNA analysis has been 
demonstrated recently. This involved whole- 
genome amplification using random 15-base oligo- 
nucleotides as primers (22,23). Amheim and col- 
laborators (unpublished data) have shown the pos- 
sibility of accurate genotyping of single sperm 
using aliquots as small as 1 to 5 ~1 of the PEP prod- 
uct. However, before this method can be applied 
for PGD of a specific single-gene defect, locus- 
dependent variation in amplification efficiency must 
be investigated. 

PCR coupled with automated fluorescent detec- 
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tion of the PCR product by a highly sophisticated 
gene scanner also shows great potential for in- 
creasing the reliability of genetic analysis in single 
cells (24). Findlay and collaborators reported using 
this rapid and highly discriminative automated test 
for single-cell diagnosis of CF mutations, with simul- 
taneous sexing and highly informative DNA finger- 
printing to exclude DNA contamination (unpub- 
lished data). The possibility of quantitative analysis 
by this method is being explored, to investigate the 
possibility of simultaneous identificat,ion of common 
aneuploidies in the same electrophoretic lane. 

Another new method of genetic analysis, consid- 
ered by Hughes and collaborators to have great 
potential for PGD in the future (unpublished data), 
is comparative genomic hybridization (CGH), orig- 
inally developed for molecular cytogenetic analysis 
of tumor cells (25). It involves simultaneous hybrid- 
ization of both biotinylated total tumor DNA and di- 
oxigenin-labeled genomic reference DNA to normal 
metaphase spreads, followed by quantitative mea- 
surement of the ratio of green-to-red fluorescence, 
reflecting the relative amounts of tumor and refer- 
ence DNA at a given chromosomal locus. The use- 
fulness of the method in PGD is obvious, as it may 
allow rapid overview and detection of regions of the 
genome containing specific mutant genes. 

An approach to combined PCR and molecular 
cytogenetic methods has been explored by Thorn- 
hill et al. (26). The procedure, which they call recy- 
cling, involves FISH analysis for chromosomal 
aneuploidy, following PCR to detect single-gene 
defects, in the same cell fixed to a small piece of 
glass. Of 57 mouse blastomeres studied for ampli- 
fication of the !8-globin gene followed by FISH anal- 
ysis of X and Y chromosome-specific signals, 70% 
amplified, and 75% of these showed detectable sex 
chromosome signals similar to those in the control 
samples not exposed to PCR. Similar work on hu- 
man polar bodies and blastomeres is under way by 
the Chicago group (unpublished data). 

Because an increasing number of severe genetic 
disorders has been shown to be due to extensive 
expansion of triplet repeats, Holding and Monk (un- 
published data) have explored the possibility of re- 
liable identification of such mutant alleles in single 
cells. Using DNA or cells from normal and fragile-X 
individuals, they have developed a method that 
correctly identified 95% of normal and 84% of frag- 
ile-X samples. 

Finally, three centers have reported attempts to 

detect preimplantation gene expression, which 
might be useful in the future for functional assess- 
ment of the genotype of oocytes and preimplanta- 
tion embryos. Gore-Langton and collaborators (un- 
published data) have tested the feasibility of de- 
tecting transcripts of the developmentally relevant 
connexin43 gene in normal human cleavage-stage 
embryos and demonstrated the presence of these 
transcripts as early as the four-cell stage. Verlinsky 
and colleagues (27) investigated homeobox genes 
in human oocytes and embryos at different stages 
of preimplantation development and also detected 
transcripts of homeobox genes in both cleavage- 
stage embryos and oocytes. HoxA4 was found in 
normal and unfertilized oocytes, as well as in the 
four-cell embryo, while mRNA for HoxA7 was 
present in normal oocytes and triploid cleaving em- 
bryos. Daniels and Monk (unpublished data) have 
shown the transcripts of the paternally inherited my- 
otonic dystrophy gene in human one- to four-cell- 
stage embryos. These data show the feasibility of 
developing methods for detecting transcriptionally 
relevant abnormalities during preimplantation de- 
velopment. 

PRECONCEPTION AND PREIMPLANTATION 
DIAGNOSIS OF CHROMOSOMAL DISORDERS 
BY FISH 

The feasibility of PGD for chromosomal disorders 
has already been demonstrated by the Chicago, 
Hammersmith, and Cornell groups (12,13,18,28, 
29). 

The Chicago group concentrated on developing 
approaches for polar body-inferred chromosomal 
analysis and reported methods for visualizing sec- 
ond polar-body chromosomes in a state suitable for 
cytogenetic analysis (28,29). Reliable results were 
also obtained using FISH analysis of the first polar 
body. In a series of 130 oocytes, the number of X 
chromosome- and chromosome 18-specific signals 
were analyzed in both the second meiotic meta- 
phase and the corresponding first polar body (us- 
ing directly labeled fluorescent oL-satellite DNA 
probes); five nondisjunction events were detected, 
involving either an entire chromosome or one of the 
chromatids. FISH analysis has been also applied 
for cytogenetic evaluation of the second polar body 
and chromosome-specific signals have consis- 
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tently been demonstrated in the second polar-body 
interphase, suitable for detecting and avoiding the 
transfer of embryos with common chromosomal tri- 
somies. 

The Hammersmith group applied FISH for cyto- 
genetic analysis of embryos diagnosed as cytoge- 
netically affected in clinical cases when PGD was 
done for sex selection and, also, in normally fertil- 
ized donor cleavage-stage embryos. They found 
that chromosomal abnormalities are a common fea- 
ture of preimplantation embryos (12). Of 152 em- 
bryos studied by FISH using X- and Y-specific 
probes during PGD, 17 appeared to have sex- 
chromosome aneuploidy or mosaicism (30). In an- 
other series of 69 spare embryos, chromosome- 
specific probes for either X and Y or autosomes 1 
and 17 were used (31). For the sex chromosomes, 
29 were normal diploid and 5 (15%) were mosaic. 
In no case was an XX nucleus found in an XY em- 
bryo, therefore such mosaicism would not lead to 
misdiagnosis of sex. For the autosomes, 1 embryo 
was triptoid, 1 was monosomic for chromosome 1, 
and 10 others were diploid/aneuploid or polyploid 
mosaics. 

These data and also the resu'lts obtained by the 
Cornell group (13,17,18) suggest, that the high fre- 
quency of chromosomal abnormalities found in 
cleavage-stage embryos is not related to the FISH 
technique, but reflects the actual chromosomal 
constitution of the cells of the cleaving embryos ob- 
tained by IVF. Munne and collaborators performed 
FISH analysis in oleavage-stage embryos in relation 
to their morphological abnormalities and maternal 
age, using four chromosome-specific probes simul- 
taneously (13/21, 18, and X and Y probes). Of 
about 400 cleavage-stage embryos studied, 49% 
were morphologically abnormal (34% slow or frag- 
mented and 15% arrested embryos). FISH failure 
was estimated to be 7.2% for the 13/21 and 2.7% 
for the 18, X, and Y chromosome-specific probes; 
there was a significant increase in polyploidy and 

mosaicism in slow and arrested embryos. Poly- 
ploidy was observed in only 3.6% of normally de- 
veloping embryos, in contrast with 12% of the slow 
and 46% of the arrested embryos. Mosaicism was 
most frequent (19.5%) in the slow embryos, com- 
pared with 3% of the normal and 10.7% of the ar- 
rested embryos. A direct relationship was observed 
between the frequency of aneuploidy and the age 
of the patients. Neither this nor the correlation of the 
frequency of chromosomal abnormalities with the 
developmental anomalies can be explained by the 
limitations of the FISH technique. 

Although many chromosomally abnormal em- 
bryos, especially autosomal monosomics, will not 
develop further and implant, the biological signifi- 
cance of the high frequency of mosaicism ob- 
served at the cleavage stage remains unclear. It is 
possible that chromosomally abnormal lines in four- 
to eight-cell embryos have a detrimental effect and 
are consequently eliminated or that the abnormal 
cells selectively aggregate in the developing 
trophectoderm. However, it is clear that in some 
cases blastomere analysis at the cleavage stage 
will not be representative of the whole embryo. A 
clinical trial has been initiated by the Cornell group 
(unpublished data), to apply FISH for detecting and 
avoiding transfer of embryos with trisomy 13/21, 18, 
and X and Y in IVF patients of advanced maternal 
age. To date eight IVF patients have been offered 
this possibility, three of nine cycles have resulted in 
an clinical pregnancy and one in a healthy delivery 
(Table IV). A similar trial involving analysis of the 
first and second polar bodies is being carried out 
by the Chicago group (unpublished data). Five of 
16 IVF cycles resulted in embryo transfer, and 2 in 
an ongoing pregnancy. Because of the limitations 
of PGD for chromosomal disorders at the cleavage 
stage, preconception diagnosis may be particularly 
valuable for detection and avoidance of the transfer 
of chromosomally abnormal embryos in IVF pa- 
tients of advanced maternal age. 

Table IV. PGD for Chromosomal Disorders ~ 

Approach Babies 
for PGD Patients Cycles Transfers Pregnancies born 

Cleavage stage 8 9 l0 3 1 b 
Polar body 16 16 5 2 0 b 

Total 24 25 15 5 1 

Cleavage-stage cases from the Cornell group; polar-body cases from the Chicago group. 
b Two ongoing pregnancies. 
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CONCLUSIONS AND RECOMMENDATIONS 
FOR INITIATING PROGRAMS 

A number of recommendations from the meeting 
might be useful for those centers considering a 
possible organization or application of PGD to clin- 
ical practice. First, PGD should be based on an 
active IVF clinic with reasonable pregnancy and 
take-home baby rates. All patients should be ade- 
quately counseled to ensure that the couples en- 
tering the program realize the present status of 
PGD, its safety, accuracy, and efficacy, and the 
need for confirmation by CVS or amniocentesis. 

Depending on indication, different strategies for 
performing PGD may be recommended. It has be- 
come clear, for example, that the best approach for 
PGD of X-linked disorders by gender determination 
is FISH analysis of both X and Y chromosome- 
specific sequences. 

For PGD of single-gene defects, to avoid a pos- 
sible contamination with sperm DNA, genetic anal- 
ysis may be done either on the first polar body or by 
cleavage-stage PGD following ICSl. The use of PEP 
is recommended to be able to amplify several loci 
and include internal controls or to repeat DNA anal- 
ysis for the condition in question. This should in- 
volve prior testing of locus-dependent variation of 
the amplification efficiency, to exclude a possible 
dropout of the allele in PEP. Exclusion of couples at 
risk for producing double-heterozygous offspring is 
recommended at the present time. If the partners 
carry different mutations, as in the CF cases men- 
tioned above that resulted in misdiagnosis, each 
mutation should be followed at all steps of the PGD, 
to avoid allele-specific amplification failure. 

For PGD of chromosomal disorders, FISH analy- 
sis of single blastomeres may not be representative 
of the whole embryo because of the high frequency 
of chromosomal mosaicism at the cleavage stage. 
Before the biological significance of this phenome- 
non is understood, cytogenetic evaluation of the 
first and/or second polar body could be useful for 
detecting and avoiding the transfer of embryos with 
common trisomies in IVF patients of advanced ma- 
ternal age. 

Although dramatic recent developments in mo- 
lecular genetic analysis of single cells will make 
PGD more accurate and reliable in the near-future, 
these highly sophisticated techniques should be 
applied with extreme caution before they have 
been experimentally tested using appropriately de- 
signed protocols. 

Finally, there is a great need for international data 
collection on PGD cases (5). Follow-up of the out- 
comes and long-term surveillance of the health sta- 
tus of the children born following PGD are strongly 
recommended. All centers which perform PGD are 
invited to send their data to the Working Group on 
Preimplantation Genetics, which will be responsible 
for organization of the collection and dissemination 
of the material to participating PGD centers. 
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