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Will preimplantation genetic diagnosis assist patients
with a poor prognosis to achieve pregnancy?
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PGD (preimplantation genetic diagnosis) of aneuploidy for
chromosomes X, Y, 13, 18 and 21 was carried out on 196
embryos from 36 infertile patients classified with a poor
prognosis due to (i) maternal age, (ii) repeated in-vitro
fertilization (IVF) failures and (iii) mosaic karyotype. The
percentage of abnormal embryos was comparable in the
three groups of patients: maternal age 63%, repeated IVF
failure 57%, and mosaic karyotype 62%. The analysis of the
overall data revealed an increased incidence of abnormal
embryos in the older age categories (predominantly due to
aneuploidy), even in embryos at the 7- to 8-cell stage.
In addition, the percentage of chromosomally abnormal
embryos was directly proportional to the number of IVF
failures, where the increase in chromosomal abnormalities
was not correlated to aneuploidy but to other aberrations
such as mosaicism and polyploidy. Following PGD, 28
patients had at least one embryo transferred that appeared
normal by fluorescent in-situ hybridization (FISH). Four
clinical pregnancies resulted, with an implantation rate of
10% per normal embryo. In conclusion, the high rate
of chromosomally abnormal embryos in poor prognosis
patients may have been the cause of implantation failure
in their previous IVF cycles. Therefore, the possibility of
transferring embryos with a normal FISH complement
could improve the chance of pregnancy in this category of
patients.
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Introduction

ductive age; (ii) reducing the chances of spontaneous abortions
and (iii) increasing the chances of pregnancy by transferring

chromosomally normal embryos which possess the full potency
of developing to term.

The low implantation rates resulting from assisted repro-
ductive techniques may be related to the high rates of chromo-
somal disorders which are routinely observed in oocytes
obtained from stimulated cycles or during early cleavage events
(Plachot and Mandelbaum, 1990; Pellestor, 1991; Delhanty and
Handyside, 1995). This phenomenon, in combination with
increased abortion rates, is especially evident in women aged
>35 years. In fact, it has been recently demonstrated that
aneuploidy in embryos generatéd vitro increases notably
with maternal age (Munnet al., 1995a; Daileyet al., 1996).
Therefore, the reproductive failure that often occurs in women
of advanced reproductive age could derive from a decline in
the functional and structural qualities of the oocyte (Navot
et al, 1991). However, repeated idiopathic IVF failures are
also reported in young patients, despite normal embryo morpho-
logy. In these cases, cytogenetic analysis of the embryos
generated could provide additional information necessary for
a better understanding of repeated unsuccessful attempts. Thus,
the advantages and disadvantages of the PGD procedure and
its routine application in selected patients are presently still
open to question, notwithstanding the recent progress achieved
in this field (Egozcue, 1996; Reubinoff and Shushan, 1996;
Verlinsky and Kuliev, 1996).

In this study, PGD was performed on embryos generated
in vitro from a group of patients with poor prognosis due to
(i) advanced maternal age, (ii) repeated IVF failures and
(i) altered karyotype in peripheral blood (gonosomic
mosaicism; these patients were included in the study since
they were considered to be at high reproductive risk). PGD
was carried out by using the multicolour fluorescent in-situ
hybridization (FISH) technique that includes the simultaneous
screening of five chromosomes per single blastomere, sub-
sequently permitting the identification of the most frequent
aneuploidies, haploidies and polyploidies present in the human
(Delhanty et al, 1993; Munrieet al., 1993, 1995a; Griffin

The preimplantation genetic diagnosis (PGD) of aneuploidyet al, 1994; Manoret al, 1996). Despite the incidence of
permits the investigation of the chromosomal status of embryogi0saicism reported in human embryos generéatedtro, the
generatedin vitro, thus allowing the selection of healthy Simultaneous application of multiple probes could represent a
embryos to be transferred. The procedure, which entails thgore reliable source of information on the status of the
removal of a blastomere from monospermic day 3 embryosanalysed blastomere (Muhme al, 1993, 1995b; Harper and

is rapid and has no affect on an embryo’s potential to implanDelhanty, 1996). Consequently, the aim of the present study
(Hardy et al, 1990; Winston and Handyside, 1993). The was to determine whether a high numerical rate of chromosomal
expected advantages of PGD include (i) reducing the possibilitpbnormalities in embryos is present among patients with poor

of trisomic offspring, especially in women of advanced repro-
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prognosis in IVF and possibly to increase their pregnancy rate

© European Society for Human Reproduction and Embryology



PGD and IVF for treating poor prognosis patients

by transferring embryos that appeared normal by FISH (FISH
normal embryos). Table I. Overall clinical outcome of preimplantation diagnosis in poor
prognosis patients

. No. of cycles 36
Materials and methods Mean + SD age (years) 34:85.6
) Total no. of embryos 223
Patients No. of embryos undergoing FISH 196
A total of 36 patients underwent an assisted conception cycle with ngrmal (0|/0)0/ g% (i?
PGD of aneuploidy. Both male and female partners were karyotyped a rr;%mzo(m?g on (43)
before being admitted to our IVF programme. Inclusion criteria  trisomic 21
consisted of patients with (i) a maternal ag88 years i = 11), haploid 13
(i) =2 previous IVF failuresr{ = 22) and (iii) an altered karyotype triploid 157
H H H : maosaics
(rfnos:Tu_csI 4f6)|T_X/AIstO) dertlected in peélpherﬁl bloct11d:r(1 3).(Ijnd_u<_:t|on_ anucleated (%) 23 (12)
of multiple fo icular grow_t was carried out through the administration  jamaged (o) 12 (6)
of gonadotrophin-releasing hormone analogue and exogenous gonadg. of cycles transferred 28
trophins, as previously described (Ferrarettal., 1996). Ultrasound-  No. of embryos transferred 70
guided oocyte retrieval was carried out ~36 h after human chorionid'o: of clinical pregnancies (%) 4 (14)
. . . . Bmplantatlon rate (%) 10
gonadotrophin administration. The recovered oocytes were preincub-

ated in culture medium supplemented with 10% heat-inactivategt|sH = fluorescent in-situ hybridization.
maternal serum in a 5% GChumidified gas atmosphere at 37°C.
Prior to microinjection, cumulus and corona cell complexes werepaint (WCP)-hybridization buffer (Wsis). The resulting 10 of

removed with 80 IU/ml hyaluronidase (type V,”l; Sigma Chemicals, hybrid solution was added to the fixed blastomeres on a glass slide,
St. Louis, MO, USA) in HEPES-buffered Earle’s medium using hand'covered with an 1818 mm coverslip and denatured at 78°C for

drawn glass pipettes. Nuclear maturity and cytoplasmic morpholog)\/g min. The slide was then left to hybridizerfd h at37°C in a dark

were then assessed. moist chamber. After washing in ®dsodium chloride/sodium citrate

. N N at 72°C for 2 min, the fluorescence-labelled avidin followed by anti-
Sperm evaluation and processing; insemination procedures avidin were added. Finally, the slides were counterstained’ B+ 4
Semen samples were classified according to the criteria specified Ryamidino-2-phenylindole in antifade solution (Wsis) and observed
the World Health Organization (WHO, 1992), with the exception of ,nder a fluorescence microscope (Olympus BX60) equipped with a

morphology, which was assessed on the basis of strict criteria (Kruggfiple bandpass filter set for simultaneous observation of Spectrum
etal, 1987). Seminal fluids were processed with conventional swimgrange/Green/Aqua.

up or the mini-Percoll technique, following previously described
criteria (Fiorentinoet al, 1994). Insemination was carried out in Statistical analysis
microdroplets overlaid with oil, or with intracytoplasmic sperm Results were evaluated by? analysis 2 contingency tables,
injection (ICSI; Van Steirtegherat al,, 1993) in patients with a total  4pplying the Yates’ correction.
motile sperm count 0f<0.5x10° (n = 17) or a previously failed
fertilization attempt i = 4).

Results
Assessment of fertilization and embryo evaluation A total of 223 embryos were generated from 36 patients.
Approximately 16 h after insemination, oocytes were scored for thEBased on their morph0|ogica| eva|uati0n' 196 embryos were
presence of pronuclei and polar bodies. Embryo evaluation wage|ected for FISH analysis. As indicated in Table I, 76 embryos
performed at 40 and 62 h post-insemination. The number ang,.oqented a normal chromosomal complement (39%); 85 were

morphology of blastomeres, and percentage of fragmentation we Siagnosed as abnormal (43%); no result was obtained for the
recorded. Clinical pregnancies were confirmed by ultrasound analysis. ;

The implantation rate was calculated as the number of gestationé?mammg 35 embryos d_ue to theoabsence of a nucleus_ln the
sacs with fetal heart beat divided by the total number of embryoé‘n"jllysed blastomeren (= 23, 12%) or damage occurring

transferred. during the proceduren(= 12, 6%). In all, 28 patients had
at least one FISH-normal embryo transferred. Four clinical
Embryo biopsy and fluorescence in-situ hybridization pregnancies resulted, with an implantation rate of 10%. All

Embryo biopsy and blastomere fixation were performed on day Plastomeres from FISH-abnormal embryos were analysed,
monospermic embryos as previously described (Muetna., 1993).  resulting in: 45 aneuploidies, 13 haploidies and 10 polyploidies;
For the multicolour FISH analysis, five DNA probes were used forin addition, eight mosaics and nine multinucleations with an
the simultaneous detection of chromosomes X, Y, 13, 18 and 2jverall abnormal complement were detected. The percentage
(Munneand Weier,_1997). Briefly, the probe; were Iabe_lled as follows:of abnormal embryos following FISH analysis was comparable
chromosome Y with Spectrum Aqua (VWsis, Naperville, IL, USA), i, the three groups of patients with poor prognosis indications

chromosome 18 in Spectrum Orange and Spectrum Aqua (1:1 miXtulrgnaternal a 0 . 0
R . ge 63%, repeated IVF failure 57%, altered karyotype
of probes; Wsis), chromosome X with Spectrum Orange and Spectru 206). Therefore, due to the homogeneity of the results

Green (1:1 mixture of probes; Wsis), chromosome 13 with Spectrum

Orange (Wsis) and chromosome 21 with biotin (Dr Weier, LawrenceoPtained in these three groups in terms of total chromosomal

Berkeley National Laboratory, UCSF, Berkeley, CA, USA), which abnormalities, further data analysis was performed without
was detected by fluorescein isothiocyanate-labelled avidin. Thélifferentiating between poor prognosis indications.

hybridization solution was made by addingillof each probe, which Figure 1 demonstrates the distribution of chromosomal
were previously concentrated tou8, to 7 pl of whole chromosome abnormal embryos of all 36 patients in relation to age. An
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Figure 1. Distribution of chromosomally abnormal embryos x =1025P<0.005
. . x 2= 534 P<0.025
according to maternal age. —, total chromosomal abnormalities
(CA); ----, aneuploidy over total CA. Figure 3. Distribution of chromosomally abnormal embryos
70 according to the cell number on day 3.
60
50 Table Il. Overall outcome of preimplantation diagnosis of intracytoplasmic
40 sperm injection (ICSI) versus conventional in-vitro fertilization (IVF)
%
30 ‘ embryos
20 Hao ICSI IVF
10
o ) ) . ) . No. of cycles 21 15
' ' j ) j ' Mean = SD age (years) 35.%5.7 33.6+ 5.4
0-1 2 3 4 25 Total no. of embryos 118 93
ne. of cycles 7-8 cell (%) _ 33 (28) 32 (34)
No. of embryos undergoing FISH 117 79
n=7 n=4 n=7 n=10 n=8 No. of embryos diagnosed 114 70
age (years): 35.8:4.8 29.7+7.9 359:63 36.9:50  33.9:46 No. of embryos FISH normal (%) 40 (35) 36 (51¢
Chromosomal abnormalities
*y 2 =569 P<0.02 monosomy 13 11
x 2 =6.66 P<0.01 trisomy 13 8
haploidy 10 3
Figure 2. Distribution of chromosomally abnormal embryos in triploidy 6 4
relation to the number of previous in-vitro fertilization cycles. mosaics . 1 6
—, total chromosomal abnormalities (CA); ----, aneuploidy over ~ NO. of anucleated blastomeres (%) 21 (18) 2 (3p
total CA No. of cycles transferred 16 12
) No. of embryos transferred 40 30
) o ) No. of clinical pregnancies (%) 2 (12) 2 (17)
increased incidence of abnormal embryos was observed in theplantation rate (%) 7.5 13.3

older age Ca.'tegones when compar.ed. to the. ypyngeSt’ eVggllgnificantly different:;x® = 5.08,P < 0.025.

though the differences were not statistically significant. How-bsjgnificantly different:x2 = 8.40,P < 0.005.

ever, when aneuploidy alone was considered, there was FSH = fluorescent in-situ hybridization.

significant increase proportional to age € 0.005), with the

exception of the youngest category. abnormalities was proportional to the patient's age and it was
Additionally, results of the FISH technique were analysedespecially evident in women agee38 years in comparison

in relation to the number of previous IVF cycles. Figure 2 to the younger patients (65 versus 33% respeetively;

shows that the number of failed IVF attempts was directly0.025; data not shown).

related to the percentage of abnormal embryos (excluding Table Il shows the outcome of the FISH analysis in embryo

patients that were undergoing their first or second cycle)derived from ICSI compared to those from conventional IVF

reaching up to 67% after five cycles. Conversely, the incidence insemination. The IVF group yielded a significantly higher

of aneuploidy decreased. percentage of FISH-normal embryos (51%) when compared to
The distribution of chromosomal abnormalities in relation the ICSI group (¥5%0.025). Analysis of the chromosomal

to the cell number in the analysed embryos is depicted irmbnormalities revealed that there was a similar distribution of

Figure 3. Embryos at the 7- to 8-cell stage presented a  aneuploidies between the two groups. Conversely, an incres

significantly lower percentage of abnormalities (41%) whenin the number of embryos with anuclear blastomeres was

compared to embryos with a slower rate of division (74% at  observed in the ICSI group (18%) compared to the IVF group

3—4 cells,P < 0.005; 61% at 56 cellf) < 0.025). Embryos (3%; P < 0.05).

at the 7- to 8-cell stage were analysed in succession according The overall results were also analysed in terms of sex a

to maternal age. The increase in terms of chromosomadleavage rate. The sex ratio of the embryos obtained was 45%

1764



PGD and IVF for treating poor prognosis patients

male and 55% female, and the data were comparable between  attempts has finally provided an explanation for the fail
the ICSI and IVF groups. Similarly, no correlation was observedmplantation of morphologically good quality embryos even
between the sex of the embryo and the developmental rate  after repeated attempts. Indeed, confirmation of this hypothe
(data not shown). could be achieved by the repetition of FISH analysis in a
subsequent cycle. In this way, if an individual patient again
) ) yielded an abnormal cohort of embryos, further IVF attempts
Discussion could be discouraged.
In the unending efforts put forth to identify the underlying As anticipated, the analysis of chromosomal abnormalities
factors affecting infertility in poor prognosis patients, PGD in relation to embryo morphology revealed that slow-cleaving
has proven to be a powerful instrument in unravelling andembryos exhibit higher rates of chromosomal alterations
successfully treating the problems that are confined to this (Figure 3). This is the genetic foundation supporting the
group of patients. In this study, a group of poor prognosisalready established correlation between embryo cleavage rate
patients underwent IVF and PGD for the transfer of chromo- and pregnancies in IVF (Edwards, 1985;alahnt995a;
somally normal embryos, with the hope of achieving a full-Gianaroli et al, 1996), thus confirming the validity of the
term pregnancy. morphological criteria which determine the selection of
The data generated in this study revealed that other factoembryos to be transferred. However, advanced maternal age
besides age affected the incidence of numerical chromosomal still remains an important factor in the incidence of chromc
disorders detected in embryos generatedvitro. In fact, somal abnormalities, even in embryos with normal morphology
similar percentages of chromosomal abnormalities were  and development. In fact, one-third of the embryos bein
obtained following FISH analysis of embryos of patients withtransferred in poor prognosis women younger than 37 years
an age indication, younger patients w2 IVF failures, or  are abnormal; this incidence almost doubles in older patients.
with an altered karyotype. Therefore, the homogeneity of thé'his would imply that morphological alterations would occur
results obtained in the three groups in terms of chromosomal at later stages following genomic activation éBralude
abnormalities permitted the analysis of the data obtained988). Therefore, morphological criteria alone are not sufficient
without differentiating between the poor prognosis indications.  for embryo selection in poor prognosis cases, as demonstrat:
As expected, the rate of chromosomal abnormalitiedy the low pregnancy rates characteristic of this patient
increased with age. This was especially due to aneuploidy, category.
where the incidence increased significantly along with the In addition to its diagnostic importance, PGD can be
patient's age, thus confirming that non-disjunction events integrated into an assisted reproduction programme as a to
happen more frequently in oogenesis in older women (Figuréor increasing the chance of pregnancy in poor prognosis
1). The unusually high percentage of chromosomal abnormali-  patients. Chromosomal analysis is especially advantagec
ties observed in the youngest age category (43%) can certainlyhen a large cohort is available, to detect the embryos with a
be associated with a poor prognosis condition, since according normal chromosomal complement. Indeed, the four pregnanc
to data obtained in our centre, young patients without aeported in the present study occurred in patients who had a

poor prognosis yielded only 28% FISH-abnormal embryos; large cohort of good-quality embryos from which the selection
specifically, aneuploidy decreased to 5.4% (Mureteal, of embryos for transfer was executed. In the absence of FISH
1995a). results, the probability of transferring abnormal embryos is

Subsequently, data were analysed on the basis of previowdevated, and this could have been the case in the previous
IVF attempts and indicated that the percentage of chromo- unsuccessful cycles. On the other hand, the benefits of PC
somally abnormal embryos was directly proportional to thein patients with a reduced number of embryos are limited to
number of IVF failures. An exception to the trend observed  the detection of trisomic embryos. In this respect, PGD coulc
was represented by those patients who underwent their first dre considered an alternative to the therapeutic termination of
second cycle; this could have been attributed to a poor  a preghancy due to diagnosis of an abnormal fetus by routir
prognosis condition (altered karyotyp®, = 3; maternal pre-natal procedures. In fact, even with 10% error in PGD of
age, n = 4). Interestingly, the increase in chromosomal aneuploidy, the chances of conceiving a trisomic fetus would
abnormalities was not due to aneuploidy, but to other aberrase significantly reduced (Munnet al., 1995a).
tions as depicted in Figure 2. Since all the analysed embryos No increase in the percentage of gonosomal aneuploidi
were derived from monospermic zygotes, the abnormalitiegvas found in embryos generated from patients with an altered
could have arisen from several causes: diploid gametes, altered karyotype. This indicates that no strict correlation occu
or blocked cytoplasmic division, or sperm centriolar defectsbetween mosaicism in maternal blood and in gametes. How-
(Artley et al, 1992; Sathananthaet al., 1996). In all cases, ever, since this patient category is considered to have an
the mechanisms involved in cell division were not functioningincreased reproductive risk compared to the normal population,
properly, thus producing altered mitotic divisions. Indeed, it PGD could represent a valuable option in such patients
would be interesting to investigate the male contribution torequiring IVF techniques.
the embryonic genome through assessment of the incidence One of the major drawbacks in the efficacy of PGD |
of aneuploidy in the spermatozoa of the male partners. mosaicism, due to the presence of different chromosomal

The revelation of a high percentage of chromosomally = complements in the same embryo (Harper and Delhanty, 1996
abnormal embryos in patients with repeated unsuccessful IVF a mosaic embryo is biopsied, misdiagnosis may result,
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