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Abstract

To evaluate the incidence of chromosomal abnormalities in "failed-fertilized" oocytes
derived from in-vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) procedure, a
cytogenetic analysis was performed on 164 IVF and 64 ICSI oocytes. One hundred and eleven
(67.7%) of the IVF and 56 (87.5%) of the ICSI oocytes were successfully karyotyped. Of 111 IVF
oocytes, 73 (65.8%) exhibited normal haploid and 38 (34.2%) were abnormal. The abnormalities
included 25 aneuploid (22.5%) (7 hyperhaploid and 18 hypohaploid), 11 diploid (9.9%) and 2
structural anomalies (1.8%). Of 56 ICSI oocytes, 52 (92.8%) were normal haploid and only 4
(7.2%) were aneuploid, with 2 hyperhaploid and 2 hypohaploid. The sperm nuclei were observed
in 43 IVF oocytes (38.7%), composed of 38 (34.2%) premature chromosome condensation (PCC)
and 5 (4.5%) decondensed sperm heads. Evidence of successful sperm delivery was found in all
56 ICSI oocytes ; 25.0 per cent (14/56) showed PCC, 17.9 per cent (10/56) showed decondensed
sperm heads, and 57.1 per cent (32/56) showed intact sperm heads. This study suggested that
about one-third of unfertilized oocytes exhibited chromosomal abnormalities. The difference of
aneuploidy between IVF and ICSI oocytes needs further studies analysing a larger number of
oocytes.
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It has been reported that more than 70 per
cent of human embryos die during the early stages
of pregnancy(l’z). In spite of improvements in in-
vitro fertilization (IVF) programmes and technicat
advances in intracytoplasmic sperm injection (ICSI)
procedure, nearly 80 per cent of the transferred
embryos do not implant, and the abortion rate in
this group of patients is twice that of spontaneous
pregnancies. Chromosomal aberrations have been
shown to be the major cause of the pregnancy
wastage(3:4). It is believed that these abnormalities
are more frequent during the meiotic process,
especially in females(5).

Chromosomal analysis, of "failed-ferti-
lized" oocytes, could help to elucidate the pheno-
menon of early embryonic loss. For unfertilized
oocytes, aneuploidy rates have been reported rang-
ing from 10.9 per cent to 57.7 per cent(6), depend-
ing on technical characteristics and interpretation.

Cytogenetic studies of human oocytes
became routine in the early 1980's(7.8) with the
development of in-vitro fertilization techniques. The
recent development of the intracytoplasmic sperm
injection technique for the treatment of severe male
factor of infertility has been argued that it may in-
crease the incidence of chromosome abnormalities
in the embryos derived from this technique(9).
Although many studies of chromosome abnorma-
lities of unfertilized human oocytes after IVF have
been reported(6,10-12) only a few cytogenetic
studies were carried out using uncleaved zygotes
after ICSI(13-15),

The present study evaluated the incidence
of chromosomal abnormalities in failed-fertilized
human oocytes after conventional IVF and ICSI
procedures.

MATERIAL AND METHOD

Material for this study was obtained from
a series of 62 patients (71 cycles) who underwent
an IVF-embryo transfer and 32 patients (35 cycles)
from the ICSI programme at Siriraj Hospital. A total
of 228 oocytes were derived from April 1998 to
March 2000, selection was based only on availa-
bility of both oocytes and staffs. The mean age of
the female patients was 34.7 years (range 28-42)
for IVF and 33.9 years (range 25-42) for ICSI
cycles. The indications for IVF were tubal obstruc-
tion, endometriosis, ovulatory dysfunction, and un-

explained infertility, and those for ICSI were pre-
vious failure of IVF and male subfertility.

Hormonal stimulation for multi-follicular
growth was performed by a short protocol of gona-
dotropin-releasing hormone agonist (GnRHa) and
human menopausal gonadotropin (hMG) regimen.
Buserelin (600 pg) was administered intranasally
from day 1 and hMG (150-300 IU) was injected
from day 3 of the cycle followed by human chorio-
nic gonadotropin (hCG) injection (10,000 IU) when
at least two follicles reached 18 mm in diameter.
About 34-36 hours after hCG injection, the follicles
were aspirated under transvaginal ultrasound gui-
dance. Semen was obtained by masturbation from
the husbands and was prepared by the mini-Percoll
gradient centrifugation method(16),

For IVF, oocytes were transferred to four-
well dishes containing universal IVF medium (Medi-
Cult, Copenhagen, Denmark) and incubated for 4-6
hours at 37°C, 5 per cent CO, in air before insemi-
nation. For ICSI, oocytes were preincubated for 3-
4 hours, then treated with 80 IU/ml hyaluronidase
for 30-60 seconds. The microinjection procedure
was performed as described by Palermo et al(9).
Briefly, injection pipettes with an inner diameter of
5-6 micron were used to aspirate spermatozoa from
the sperm droplet and to place them into the 10 per
cent polyvinylpyrrolidone. Sperm was immobilized
and loaded into the injection pipette and injected
into the center of the oocyte after aspirating some
ooplasm. The injected oocytes were washed four
times and incubated in the culture medium at 37 C,
5 per cent CO, in air. Two days after insemina-
tion, all normally fertilized embryos were trans-
ferred or cryopreserved.

The failed-fertilized oocytes were prepared
for assessing the chromosomal content using the
method described by Tarkowski(17). Briefly, the
oocyte was treated with hypotonic solution (1%
sodium citrate) for 10-15 minutes at room tempera-
ture. Each treated oocyte was then transferred in a
microdrop of sodium citrate to a grease-free slide.
Under close monitoring with a dissecting micro-
scope, a freshly prepared fixative (methanol : acetic
acid, 3:1) was added drop by drop. The slide was
left to air dry and then stained with Giemsa solution
for 20 minutes.

Chi-square test was used to analyze the
difference in number of chromosomally abnormal
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Table 1. Chromosomal analysis of 'failed-ferti-
lized" oocytes obtained from IVF and
ICSL
No. of oocytes (%)* p-value
IVF ICSI
Oocytes used for study 164 64
Analyzable oocytes 111 56

Normal 73 (65.8) 52(92.8)

Abnormal 38 (34.2) 4 (7.2) <0.001
Aneuploidy 25(22.5) 4 (7.2) 0.013
Diploidy 11 (9.9) 2 0.017
Structural anomaly 2 (1.8) 0.55

* Values in parentheses are per cent of analyzable oocytes

Table 2. Details of aneuploidy found in IVF and
ICSI '"failed-fertilized" oocytes.
No. of aneuploidy (%) p-value
IVF (n=25) ICSI (n=4)
Hyperhaploidy 7(28.0) 2(50.0)
0.57
Hypohaploidy 18 (72.0) 2(50.0)

oocytes between IVF and ICSI failed-fertilized
oocytes. This test was also used to determine the
different types of aneuploid chromosomes and
abnormal sperm heads found in IVF and ICSI
oocytes.

All oocytes used in this study were do-
nated by infertile couples treated in our clinic. The
study was approved by the ethical committee of
the Faculty of Medicine Siriraj Hospital, Mahidol
University.

RESULTS

Of 164 oocytes collected from IVF, 111
oocytes (67.7%) were analyzable, and of 64 oocytes
from ICSI, 56 oocytes (87.5%) could be analyzed.
In the remaining 61 oocytes, the analysis was
impossible because of scattered chromosomes, or
poorly spread chromosomes.

The results of chromosomal analysis in 111
failed-fertilized oocytes from IVF and 64 oocytes
from ICSI are shown in Table 1. The karyotypes of
73 oocytes (65.8%) from IVF were normal and 38
(34.2%) were abnormal. For 56 analyzable oocytes
from ICSI, 52 (92.8%) exhibited a normal haploid,
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Fig. 1. Chromosome spread and karyotype of a
hypohaploid oocyte (22, X, -C) prepared

after IVF.

only 4 (7.2%) were abnormal. The incidence of
abnormal chromosomes was significantly higher in
IVF than in ICSI oocytes (p<0.001).

Of the abnormal IVF oocytes, 25 (22.5%)
were aneuploid, 11 (9.9%) were diploid, and 2
(1.8%) had structural chromosomal anomalies. For
ICSI oocytes, only 4 (7.2%) of aneuploid were
found. The incidence of aneuploidy was signifi-
cantly higher in IVF oocytes (p<0.05).

The details of aneuploidy found in IVF
and ICSI failed-fertilized oocytes are shown in
Table 2. Aneuploidy of 25 IVF oocytes consisted
of 7 hyperhaploids (28.0%) and 18 hypohaploids
(72.0%) (Fig. 1). Of 4 aneuploid ICSI oocytes, both
2 hyperhaploids (Fig. 2) and 2 hypohaploids (50%
each) were found. The rates of hyper - and hypoha-
ploidy between IVF and ICSI oocytes were not
significantly different (p = 0.57). This may be due
to the small numbers of ICSI oocytes available for
analysis.

Table 3 shows sperm nuclei in the analyz-
able oocytes obtained from both procedures. The
sperm nuclei could be observed in 43 (38.7%) of
the failed- fertilized IVF oocytes. These unfertilized
oocytes were in fact penetrated by a sperm but
failed to develop further. In these oocytes, 38
(34.2%) showed premature chromosome condensa-
tion (PCC) of sperm nuclei and 5 (4.5%) decon-
densed sperm head. Unlike IVF, the sperm nuclei
could be demonstrated in all of 56 failed—fertilized
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Fig. 2. Chromosome spread and karyotype of a

hyperhaploid oocyte (24, X, +G) prepared
after ICSI (PB = polar body, S = sperm).

ICSI oocytes ; PCC was observed in 14 (25.0%),
decondensed sperm head in 10 (17.9%), and intact
sperm head in 32 (57.1%) of the oocytes.

DISCUSSION

Failure of fertilization in IVF may be
caused by suboptimal culture system, the abnormal
sperm, or abnormal oocytes. Besides the use of the
ICSI procedure in severe male subfertility has
generated more concern about causing chromoso-
mally abnormal embryos. Chromosomal analysis of
failed-fertilized oocytes obtained from both proce-
dures is important in determining the causal factors
and mechanisms of chromosomal aberrations. The
unfertilized oocytes after conventional IVF in this
study showed 34.2 per cent of chromosomal abnor-
malities. This agreed with many other studies(18-
22), although previous data reported the incidence
of chromosomal abnormalities varied considerably
from 18 per cent to 66.7 per cent(6:12,23-25) The
incidence of hypohaploidy and hyperhaploidy in this
study was 16.2 and 6.3 per cent, respectively. The
significantly more hypohaploid than hyperhaploid
oocytes may due to some artificial loss of chromo-
somes during slide preparation. However, the find-
ings confirm the previously suggested hypothesis
of a high incidence of nondisjunction at meiosis I.
Kamiguchi(6) suggested that hypohaploid oocytes
are caused not only by nondisjunction but also by
anaphase lagging, giving the higher incidence of

Table 3. Sperm nuclei contained in 'failed-ferti-
lized" oocytes obtained from IVF and
ICSL
No. of oocytes (%)* p-value
IVF ICSI
Premature chromosome
condensation (PCC) 38 (34.2) 14 (25.0) 0.298
Decondensed sperm head 5 4.5) 10 (17.9) 0.010
Intact sperm head 32 (57.1) <0.001

* Values in parentheses are per cent of analyzable oocytes

hypohaploidy than that of hyperhaploidy. In the
present study, the incidence of diploidy was high
(9.9%). The diploid oocytes were produced because
of no extrusion of the first polar body in the meiosis
I. The incidence of structural anomaly (1.8%) was
slightly lower than that previously reported. Aneu-
ploidy rate found in this study for failed-fertilized
oocytes after ICSI was very low (7.2%), when com-
pared to 22.5 per cent in IVF oocytes. This may be
partly due to the well selected oocytes in the ICSI
procedure. Other studies showed the incidence of
aneuploidy rate after ICSI ranged from 5.9 per cent
(15) to 32 per cent(13,14). A larger number of un-
cleaved zygotes after ICSI is needed to give more
reliable information regarding the frequency of
chromosomal abnormality.

Failure of postfertilization development
was observed in 43 of the 111 cases studied (38.7%).
Other investigators reported the incidence ranged
from 22.8 per cent to 36 per cent(20,23,26), These
oocytes are arrested in metaphase II in spite of the
presence of sperm in the individual ooplasm. The
sperm head is found in various stages, i.e. intact
sperm head without transformation, decondensed
sperm head, or PCC. Premature chromosome con-
densation is a phenomenon in which the chromo-
somes of the oocyte are arrested in metaphase II,
allowing the persistence of cytoplasmic chromo-
some condensing factors, leading to the induction of
PCC in the sperm nucleus(25,27). The frequency of
this phenomenon varies from 3 per cent to 16.9 per
cent(21,23), but could be as high as 58.2 per cent,
depending on the manner of calculation(23). In this
study, the incidence of PCC was 34.2 per cent for
unfertilized oocytes from IVF, and 25 per cent from
ICSI oocytes.
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All failed-fertilized oocytes derived after
ICSI contained a sperm head. The percentages of
PCC between IVF and ICSI (p=0.298) were not
different. However, 57.1 per cent of sperm in ICSI
oocytes did not transform, whereas, none of sperm in
the IVF oocytes remained intact. This implied that
some of failed- fertilized oocytes were not ready for
fertilization. They may have lacked some oolemma
and ooplasmic factors, causing the failure of sperm to
enter the oocyte in IVF and even after the enforce-
ment of sperm by ICSI, causing the failure of sperm
to transform to male pronuclei.
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In conclusion, cytogenetic analysis of
“failed-fertilized" human oocytes showed approxi-
mately one-third of fertilization failure, the causes
were genetic or physiological and lay with the
oocyte. The procedure of ICSI that pierces into the
egg cytoplasm did not increase the rate of chromo-
somal abnormality. However, further studies analy-
sing a larger number of oocytes will be needed.

ACKNOWLEDGEMENT
This research was supported by a Mahidol
University Research Grant.

(Received for publication on July 31, 2000)



Vol. 84 No. 4

REFERENCES

L.

2.

10.

1.

12.

13.

14,

Roberts CJ, Lowe CR. Where have all the concep-
tion gone? Lancet 1975; 1: 498-9.

Edmonds DK, Lindsay KS, Miller JF, Williamson
E, Wood PJ. Early embryonic mortality in women.
Fertil Steril 1982; 38: 447-53.

Boue J, Boue A, Lazar P. The epidemiology of
human spontaneous abortion with chromosomal
anomalies. In: Blandau RJ (ed). Aging gametes.
New York: S. Karger, 1975: 330-48.

Jacobs PA, Hassold TJ. Chromosome abnorma-
lities: origin and etiology in abortions and live-
births. Hum Genet 1987; 76: 233-44.

Hassold T, Matsuyama A. Origin of trisomies in
human spontaneous abortions. Hum Genet 1979;
46: 285-94.

Kamiguchi Y, Rosenbusch B, Sterzik K, Mikamo
K. Chromosomal analysis of unfertilized human
oocytes prepared by a gradual fixation - air drying
method. Hum Genet 1993; 90: 533-41.

Wramsby H, Liedholm P. A gradual fixation
method for chromosomal preparation of human
oocytes. Fertil Steril 1984; 41: 736-8.

Rudak E, Dor J, Mashach S, Nebel L, Goldman B.
Chromosome analysis of multipronuclear human
oocytes fertilized in vitro. Fertil Steril 1984; 41:
538-45.

Palermo G, Joris H, Devroey P, van Steirteghem
AC. Pregnancy after intracytoplasmic injection of
a single spermatozoon into an cocyte. Lancet 1992;
340: 17-8.

Angell RR, Ledger W, Yong EL, Harkness L,
Baird DT. Cytogenetic analysis of unfertilized
human oocytes. Hum Reprod 1991; 6: 568-73.
Lim AST, Ho ATN, Tsakok MFH. Chromosomes
of oocytes failing in-vitro fertilization. Hum
Reprod 1995; 10: 2570-5.

Nakaoka Y, Okamoto E, Miharu N, Ohama K.
Chromosome analysis in human oocytes remain-
ing unfertilized after in—vitro insemination: effect
of maternal age and fertilization rate. Hum Reprod
1998; 13: 419-24.

Macas E, Imthurn B, Roselli M, Keller PJ. Chro-
mosome analysis of single — and multipronu-
cleated human zygotes proceeded after the intra-
cytoplasmic sperm injection procedure. J Assisted
Reprod Genet 1996; 13: 345-50.

Wall MB, Marks K, Smith TA, Gearon CM,
Muggleton - Harris AL. Cytogenetic and fluores-
cent in — situ hybridization chromosomal studies
on in - vitro fertilized and intracytoplasmic sperm
injected "failed - fertilized" human oocytes. Hum

15.

17.

18.

19.

20.

21

22.

23

24.

25.

26.

27.

CHROMOSOMAL ANALYSIS OF "FAILED-FERTILIZED" OOCYTES FROM IVF AND ICSI 537

Reprod 1996; 11: 2230-8.

Edirisinghe WR, Murch A, Junk S, Yovich JL.
Cytogenetic abnormalities of unfertilized oocytes
generated from in-vitro fertilization and intracy-
toplasmic sperm injection : a double - blind study.
Hum Reprod 1997; 12: 2784-91.

Ord T, Patrizio P, Marells E, Balmaceda JP, Asch
RH. Mini - percoll : a new method of semen pre-
paration for in-vitro fertilization in severe male
factor infertility. Hum Reprod 1990; 5: 987-9.
Tarkowski AK. An air - drying method for chro-
mosome preparations from mouse egge. Cytogenet
1966; 5: 394-00.

Martin RH, Mahadevan MM, Taylor PJ, et al.
Chromosomal analysis of unfertilized human
oocytes. ] Reprod Fertil 1986; 78: 673-8.

Djalali M, Rosenbusch B, Wolf M, Sterzik K.
Cytogenetics of unfertilized human oocytes. J
Reprod Fertil 1988; 84: 647-52.

Pieters MHEC, Geraedts JPM, Dumoulin JCM,
et al. Cytogenetic analysis of in vitro fertiliza-
tion (IVF) failures. Hum Genet 1989; 81: 367-70.
Macas E, Floersheim Y, Hotz E, Imthurn B, Keller
PJ, Walt H. Abnormal chromosomal arrangements
in human oocytes. Hum Reprod 1990; 5: 703-7.
Tarin JJ, Pellicer A. Consequences of high ovarian
response to gonadotropins: a cytogenetic analysis
of unfertilized human oocytes. Fertil Steril 1990;
54: 665-70.

Tejada MI, Mendoza R, Corcostegui B, Benito JA.
Chromosome studies in human unfertilized oocytes
and uncleaved zygotes after treatment with gona-
dotropin - releasing hormone analogs. Fertil Steril
1991; 56: 874-80.

Ma S, Kalousek DK, Zouves C, Yuen BH, Gomel
V, Moon YS. Chromosome analysis of human
oocytes failing to fertilize in vitro. Fertil Steril
1989; 51: 992-7.

Papadopoulos G, Randall J, Templeton AA. The
frequency of chromosome anomalies in human
unfertilized oocytes and uncleaved zygotes after
insemination in vitro. Hum Reprod 1989; 4: 568-
73.

Michelmann HW, Mettler L. Cytogenetic investi-
gations on human oocytes and early human
embryonic stages. Fertil Steril 1985; 43: 320-2.
Michaeli G, Fejgin M, Ghetler Y, Nun IB, Beyth
Y, Amiel A. Chromosomal analysis of unfertilized
oocytes and morphologically abnormal preimplan-
tation embryos from an in vitro fertilization pro-
gram. J In Vitro Fert Embryo Transfer 1990; 7.
341-6.




538 S. KUNATHIKOM et al. J Med Assoc Thai April 2001

mylansilasinlonenslinlivfouduaziseunluiutsmnnmajaus
1 -l | 2 [l
upnemeuarmidrpgathlululy

aNysal AaNFAN, WU DIITION INKINVTIOUW, INN.Y,
AoivArs guantos, Wy, WYRY @in3miAesa, wu.*

waAnwguanmsanlasiulonfinundluliflivjausannismafaudusniems (IVF) uazlumasu
Aliudshnnisnmsdnagadnluiule (cs) Wdinlailiuimusnnituinine 164 Tu uazispunliue
nMBvai i 64 Tu anadensilasialong ldanisusnawnsaanalasiulonld 111 Tu (67.7%) uas
nMitrawmsnld 56 Ty (87.5%) amiuldnnitmsufisuduonswme wuilashilowng 73 lu (685.8%)
warfioUnd 38 1l (34.2%) lwiwnufiRaunduu 25 Tu (225%) 1flu aneuploid (hyperhaploid 7 Tu uaz
hypohaploid 18 Tu) 11 1u (9.9%) W diploid uaz 2 Ty (1.8%) u structural anomaly &umsou 56 U
nnitmsdeaaddiilulule wuhlaslulondnd 52 Tu (92.8%) uasfiaundivies 4 Tu (7.2%) Tasiu hyper-
haploid 2 1uU war hypohaploid 2 Tu Wanmagiuadsmwangd wululianismsfsuduanime 43 lu
(38.7%) Tne 38 U (34.2%) (lu premature chromosome condensation (PCC) uaz 5 Ty (4.5%) T decon-
densed sperm heads dwlumsauiliutsiy 56 o nitmsdeagadnlululy wuhdagiunlululaynly
Tasilu PCC 3dpmae 25 decondensed sperm heads $o#a 17.9 uag intact sperm heads inmas 57.1
anmsfnmndaldhussnn 1w 3 ssslifliujmubianuiaunieasiasiulon duanuuandwees aneu-
ploidy Awululdanidraasiniussdasimsdnmdslasdaeiinneilulefiinusnnniid

fdRy - myeneilashilon, ladliuiaus, fspuiibivei, meUjsudusniems, msdsagadnlululy
syt AonBen, pTTIR WiNEnIIOIN,

fides gomalos, Avind iindniiesd
sevnamgunng 4 2544; 84: 532-538

* MANGRMERI-WINTIne, ANZUWNEMEATAITITNENLIR, NNINNSENAAR, ATUNW 4 10700




