
current miscarriage, respectively, as noted
above. Some groups, however, do report bet-
ter success with the use of PGD-AS in “poor
prognosis” patients (Wilton, 2002), possibly re-
flecting selection criteria.

CLINICAL AND 
LABORATORY PROCEDURES

From the above categories of patient, two kary-
otypic classes of couple are to be considered:
those who have normal chromosomes, and cou-
ples in whom one member carries a balanced
chromosomal rearrangement. The latter group
will command most of our attention, although
they are, of course, the smaller group. Those
who make the decision to embark upon chro-
mosomal PGD, and for whom the laboratory
staff have advised that testing, in their partic-
ular case, would be feasible, will need to en-
roll (if not already) in an IVF program. Close
liaison with the laboratory is required, so that
the scientist can have the appropriate FISH
probes prepared and ready for use on the day.
The time frame for having hyperstimulation of
ovulation is established from the woman’s
menstrual cycle, and ovum “pick-up” is con-
ducted by transvaginal endoscopy under ultra-
sound guidance. Given the high risk of abnor-
mal malsegregants typically associated with
chromosome rearrangements, it is useful to
employ a stimulation protocol designed to max-
imize the numbers of ova produced (Fridström
et al., 2001). The ova are collected and then
exposed to sperm in vitro. If the couple are of
otherwise normal fertility, simple mixing with
the male partner’s sperm suffices. With some
forms of male infertility, and this is quite often
the case in the male heterozygous for a chro-
mosome rearrangement, ICSI is needed.

On day 1, around 18 hours after exposure to
sperm, the oocytes are checked for the pres-
ence of two pronuclei and two polar bodies, as
evidence that fertilization3 has occurred. They
are then returned to tissue culture medium; in
a few hours syngamy will occur, and over the
next 48 hours the first few mitoses will have
produced cleavage-stage embryos of 6–10 cells.
On day 3, in the morning, one or at most two
cells (blastomeres) are removed from each em-

bryo, under the dissecting/manipulating mi-
croscope.4 This requires a hole to be made in
the “shell” (the zona pellucida, which has not
yet been cast off), the cells being extracted by
very gentle suction. These cells are subject to
FISH (or possibly other) analysis to determine
whether they have a balanced or unbalanced
form of the rearrangement. One or two em-
bryos tested to be chromosomally normal (or
balanced) are transferred to the uterus on 
the afternoon of day 3 or the morning of day
4 and, with luck, one5 will develop into a nor-
mal infant. The remaining embryos with a nor-
mal/balanced chromosomal complement will
probably be cryopreserved, in case the first em-
bryo transfer does not result in a pregnancy,
and perhaps for a second pregnancy further in
the future (although the pregnancy success rate
post-thawing is less). The process is outlined in
Figure 24–1.

If the embryo is incubated for 1 or 2 more
days, it advances through the morula and
early blastocyst stages. Considerable selection
pressure applies during this short period, and
many chromosomal abnormalities, including
most monosomies and extensive mosaics, im-
pose a lethal burden (Clouston et al., 2002).
The chances of successful transfer may be
better if the embryo has declared itself capa-
ble of developing this far (Tao et al., 2002;
Van Der Auwera et al., 2002). In principle,
there might seem some attraction in delaying
PGD until the blastocyst is forming, since cell
number has increased and differentiation be-
tween inner cell mass and trophoblast has be-
gun, allowing sampling to be focused on the
trophectoderm (in a sense, a very early CVS)
(De Vos and Van Steirteghem, 2001). This
would involve making a hole in the zona pel-
lucida and allowing a small part of the lining
of the blastocele cavity to herniate through,
and this tiny bulge could be excised by laser.
The technique is presently in a developmen-
tal stage (De Boer et al., 2002). A more con-
troversial question is whether longer incuba-
tion in vitro may disturb the epigenetic state
of the embryo.

Initially, PGD relied primarily on the use of
DNA amplification methodology (PCR) either
for the assay of embryonic sex or to detect sin-
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gle gene mutations. Preimplantation genetic
diagnosis for chromosome abnormalities, as
developed over the past decade, is based pri-
marily on FISH technology. Recently, com-
parative genomic hybridization (CGH) has
been added to the diagnostic armamentarium
(Wilton et al., 2001) (see below).

The polar body (PB), as a mirror image sur-
rogate of the ovum, has been used in some
research PGD laboratories (Munné et al.,
1998d; Verlinsky and Kuliev, 2000). By way
of example, imagine that the asterisked ga-

metocyte in Figure 2–3a is the first PB (PB1),
and that the two chromosomes shown within
it are no. 18s—that is, PB1 is disomic 18. The
“empty” gamete to the right, therefore, would
be a nullisomic 18 oocyte, and thus, of course,
be discarded. A nullisomic second PB (PB2)
(one of the empty cells in the next row) should
provide corroboration. The reader may also
determine, on study of Figure 2–6 with re-
spect to predivision of chromosomes at meio-
sis, why analysis of PB2 alone could in some
instances be misleading. The cell labeled “di-
somic gamete” in this figure could be the
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Figure 24–1. The process of in vitro
fertilization (IVF) (with or without
intracytoplasmic sperm injection
[ICSI]) and preimplantation genetic
diagnosis (PGD). (a) Oocytes are 
obtained from the woman, and
sperm from the man (by testicular
aspiration, if necessary). (b) Oocytes
and sperm are mixed in vitro, or sin-
gle sperm are injected into an oocyte
(ICSI). (c) Syngamy, the fusion of
male and female pronuclei, occurs.
After incubation for 3 days, (d, e)
one or two blastomeres are removed
from the embryo, and these cells are
then subject to chromosomal analy-
sis. ( f ) Normal (or balanced) em-
bryos are chosen for transfer to the
uterus, or possibly for cryopreserva-
tion for a future transfer.


