Correlation of Oocyte Morphology with Fertilization
Rate and Embryo Quality After Intracytoplasmic Sperm
Injection

SUWIT SUPPINYOPONG, M.D.*,
ROUNGSIN CHOAVARATANA, M.D.*
CHARUNEE KARAVAKUL, B.Ed.*,

Abstract

To determine whether the morphology of the oocyte assessed under light microscopy is
related to the results of intracytoplasmic sperm injection (ICSI). 135 ICSI oocytes from 15 patients
were analyzed. Transvaginal ultrasound - guided oocytes retrieval with oocyte morphology
evaluation based on shape of the first polar body and perivitelline space followed by ICSI. After
48 hours, embryo quality was evaluated and compared to each pre-injected oocyte morphology.
Normal fertilization was achieved in 81.5 per cent of the oocytes (110/135). Abnormal fertili-
zation (3 pronuclei) was 1.5 per cent (2/135). Fertilization rate of oocytes with good morpho-
logy was higher than those with poor morphology, but there was no statistical significance
(82.4% vs 79.5%; p > 0.05). Qocytes with good morphology were significantly fertilized to be
embryos with good quality (p < 0.001). This study suggests that oocyte morphology correlates
with embryo quality after ICSL
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Intracytoplasmic sperm injection (ICSI)
has been widely used after Palermo performed the
first ICSI in 1991(1). Indication for performing
ICSI was male factor problems such as low sperm
count, poor morphology and low motility. Other

indications were failure of fertilization with con-
ventional in vitro fertilization (IVF) or subzonal
insemination (SUZIY2.3). It is well known that the
overall fertilization rate of in vitro fertilization
(IVF) program does not exceed 60-70 per cent(4).
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About one-third of inseminated oocytes do not
become fertilized and this is mostly due to the
absence of sperm penetration, as has been shown by
the analysis of unfertilized oocytes(5). When ICSI
is employed, the need for the spermatozoon to pene-
trate the oocyte is rendered obsolete, but some
morphological defects of the oocytes are the strong
predictor of pregnancy for ICSI(6.7).

Since ICSI requires cleaning of the oocytes
from their surrounding cumulus cells within a few
hours after retrieval, this creates an opportunity to
study in detail some morphological deviations from
what is expected to be an ideal metaphase II oocyte.
There are a number of variations with oocyte mor-
phology, such as shape of first polar body, size of
the perivitelline space, characteristics of cytoplasm,
etc(8). Pregnancy rate after embryo transfer is
related to embryo quality, therefore, criteria for
evaluating oocyte morphology is very important for
the application of ICSI and the selection of good
quality embryos for transfer. In this report, we
studied the relationship between morphological
variations in injected oocytes after ICSI and results
of fertilization rates and embryo quality.

MATERIAL AND METHOD

A total of 15 patients with 135 injected
oocytes from ICSI process were carried out from
January to May 1998. All patients had severe sperm
defects, such as total motile sperm count was
< 500,000, the number of abnormal forms was > 85
per cent, total motility was < 20 per cent or pre-
vious fertilization failure with IVF.

Ovarian stimulation

The long protocol was used to stimulate
follicular development with the combination of
gonadotropin releasing hormone agonist (GnRHa)
and human menopausal gonadotropin (hMG).
Follicular development was monitored by transva-
ginal ultrasound. When at least two follicles
reached 18 mm in diameter, 10,000 IU of hCG was
given and oocyte retrieval was scheduled for 34-36
hours after hCG injection.

Oocyte retrieval

Oocyte retrieval was performed by trans-
vaginal aspiration under ultrasound guidance 34-36
hours after hCG administration using 18 G, single
lumen ovum pick up needle.
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QOocyte preparation

Immediately after retrieval, all oocytes
were trimmed of excess cumulus cells using 27 G
needles, then treated with 80 IU/ml hyaluronidase
for 30-60 seconds to complete removal of cumulus
cells. The adhering corona radiata was removed
by aspiration of the oocytes in and out of a glass
pipette with a diameter ranging from 180-220
micron. The oocytes were washed 4 times and in-
cubated in culture medium under oil until further
processing.

Sperm preparation

All semen samples were obtained by
masturbation just after oocyte retrieval. The mor-
phology parameters were evaluated and classified
according to the strict criteria described by Kruger
et al(9). Active spermatozoa were separated by
discontinuous Percoll gradient centrifugation
method.

Evaluation of cocyte morphology

All oocytes were examined under an in-
verted microscope and those with a first polar
body present were selected for ICSI. The pre-
injected oocytes were graded on the morphology
of the first polar body and perivitelline space and
divided into 4 groups:

Grade | fragmented first polar body with
large perivitelline space

Grade 1l intact first polar body with large
perivitelline space

Grade Il fragmented first polar body with
normal perivitelline space

Grade 1V intact first polar body with nor-
mal perivitelline space

Intracytoplasmic sperm injection

ICSI was carried out by commercial injec-
tion and holding pipettes. Active sperm were immo-
bilized by touching the midpiece with the injection
pipette, then loaded into the injection pipette and
injected into the center of the oocyte after aspirating
some ooplasm. The injected ococytes were washed
four times and incubated in culture medium at
370C in an atmosphere of 5 per cent CO,.

Assessment of fertilization and embryo quality
At 18 hours after ICSI procedure, the
oocytes were checked for the presence of one, two
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or more pronuclei. Normal fertilization was defined

by the presence of two pronuclei. All normal two

pronuclei stages were further cultured for another

48 hours, then embryo quality was graded using

the following criteria(10):

Grade I  any size blastomeres with > 50 per

cent fragmentation

II equal or unequal size blastomeres
with 10-50 per cent fragmentation

I unequal size blastomeres with O per
cent fragmentation

IV equal size blastomeres with < 10 per
cent fragmentation

morphological oocytes (grade I, II) which produced
75 and 35 normal fertilized oocytes respectively.
Fertilization rate of good morphological oocytes
was higher than poor morphological oocytes but
showed no statistical significance (82.4% vs
79.6%; p > 0.05). Table 3 shows the relationship
between oocyte grading and embryo quality. The
oocyte morphology significantly correlated with
embryo quality (p < 0.001) and good oocyte mor-
phology (grade 111, IV) also significantly (p < 0.001)
correlated with good embryo quality (grade IV, V).

V  equal size blastomeres with O per cent Table 1. Background details.
fragmentation
Mean + SD. Range
Statistical apa!ysis Patient’s age (years) 329+46 24-38
Statistical comparisons were performed  Husband’s age (years) 38045 30-47
with Chi-Square test, Kruskal-Wallis test and  Infertility period (years) 4236 2-13
. 42
Mann-Whitney- U test. A 95 per cent confidence Dose of hMG (ampoules) 257184 13-42
. e e Number of oocytes retrieval 9.0+43 4-18
level was used to determine statistical significance.
RESULTS
The patients’ background and fertilization
. Table 2. Fertilization outcome.
outcome are shown in Table 1 and Table 2. A total
of 160 oocytes from 15 patients were collected. n %
Of these, 135 oocytes (84.4%) were mature in
metaphase II and could be injected. 15 Qocytes  Total oocytes retrieved 160 100
(11.1%) were damaged following ICSI procedure, g;ﬁg;:jig;‘:g es 1?2 ?T'T
8 oocytes (5.9%) were non-fertilized and 2 oocytes  Non-fertilized oocytes 8 5.9
(1.5%) were abnormally fertilized (3PN). All of  Abnormal fertilized oocytes 2 1.5
these were excluded from further analysis. The Normal fertilized oocytes 110 815
remaining 110 oocytes were fertilized normally and - 0004 morphological oocytes 5ol 24
4 . - Poor morphological oocytes 35/44 79.6
assessed in this study. There were 91 good mor-
phological oocytes (grade III, IV) and 44 poor *p>005
Table 3. Relationship between oocyte grading and embryo quality*.
Oocyte grading Embryo grading Total
I il 111 v v
1 2 12 1 0 0 15
i} 2 8 2 5 3 20
101 0 10 4 8 6 28
v 0 17 0 18 12 47
Total 4 47 7 31 21 110

*p <0.001
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DISCUSSION

In the ICSI process, complete removal of
cumulus cells from oocytes was important and
allowed clear assessment of oocyte morphology and
evaluated fertilization. Because implantation rate
and pregnancy rate were related to embryo qua-
lity(11), criteria for assessment of gross oocyte
morphology prior to fertilization was important in
selection of embryos for transfer. Although De
Sutter et al(12,13) reported that oocyte morpho-
logy did not correlate with fertilization rate and
embryo quality after ICSI, in this study we found
that oocyte morphology significantly correlated
with embryo quality, but there was no significant
correlation with fertilization rate. Oocyte matura-
tion was divided into two situations, nuclear matu-
ration and cytoplasmic maturation. The cause of
cytoplasmic morphological abnormalities was mul-
tifactorial including ovarian stimulation, hormonal
environment and handling procedures immediately
after aspiration. Studies Iin mice suggested that
oocytes could acquire competence to undergo cyto-
plasmic maturation independently of competence to
complete nuclear maturation(14). Ovarian stimula-
tion with GnRH analogue allowed more synchro-
nous follicles but some oocytes retrieved might be
from slower developing follicles. The oocyte cyto-
plasm in these follicles would be at a different
maturation stage when exposed to hCG. Therefore,
asynchrony of nuclear and cytoplasmic maturation
could occur in metaphase II oocyte stage. A recent
study has demonstrated a high degree of morpholo-
gical and nuclear anomalies in unfertilized eggs in
patients undergoing ovarian stimulation with pure
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FSH following pituitary desensitization(15). Hor-
monal environment affecting cytoplasmic abnorma-
lities were estrogen and progesterone that were in-
volved in the initiation of cytoplasmic maturation
and the final stage of nuclear maturation of the
oocytes(16). Oocytes with abnormal cytoplasm mor-
phology had a high frequency of aneuploidly(!7)
and developmental failure(18). Previous studies
showed that metaphase II oocytes with atypical
first polar body (fragmented, very small, very large)
demonstrated a slight decrease in normal fertiliza-
tion with increased abnormal fertilization(19),
Oocytes with fragmented polar bodies and large
perivitelline spaces (grade I} may have over maturc
cytoplasms at the time of administration of hCG.
Oocytes with intact polar bodies and normal peri-
vitelline spaces (grade IV) were the most synchro-
nous group with respect to nuclear and cytoplasmic
maturation. It has been postulated that a brief
period of time is required after extrusion of the first
polar body for the oocyte to gain full cytoplasmic
competence before insemination(20). Poor out-
comes from oocytes with an immature first polar
body could be due to the short period of time
between first polar body extrusion and full cyto-
plasmic competence. Such oocytes should probably
be cultured for a longer period of time before
injecting with spermatozoa.

In conclusion, our study suggests that
oocyte morphology at the light microscopic level
based on shape of first polar body and perivitelline
space significantly correlates with embryo quality
but has no significant correlation with fertilization
rate.

(Received for publication on April 9. 1999)



Vol. 83 No. 6 INTRACYTOPLASMIC SPERM INJECTION :

REFERENCES

1.

Palermo O, Joris H, Devroey P, Van Steirteghem
AC. Pregnancy after intracytoplasmic injection
of a single spermatozoa into an oocyte. Lancet
1992; 340: 17-8.

Van steirteghem AC, Liu J, Joris H, et al. Higher
success rate by intracytoplasmic sperm injection
than by subzonal insemination. Report of a second
series of 300 consecutive treatment cycles. Hum
Reprod 1993; 8: 1055-66.

Fishel S. Timson J, Lisi F, Jacobson M, Rinaldi L,
Gobetz L. Microassisted fertilization in patients
who have failed subzonal insemination. Hum
Reprod 1994; 9: 501-5.

Wittmaack FM, Kreger DO, Blasco L, Tureck
RW, Mastroianni L, Lessey BA. Effect of folli-
cular size on oocyte retrieval, fertilization, clea-
vage, and embryo quality in vitro fertilization
cycles: a 6-year data collection. Fertil Steril 1994,
62: 1205-10.

Dyban A, De Sutter P, Verlinsky Y. Preimplanta-
tion cytogenetic analysis. In Kuliev A and Ver-
linsky Y, eds. Preimplantation Diagnosis of Gene-
tic Diseases. Wiley-Liss, New York, 1992: 93-127.
Daya S. Gunby J, Casper R. Oocyte morphology as
a predictor of pregnancy for intracytoplasmic
sperm injection (ICSI). The SI* Annual Clinical
Meeting, The Society of Obstetricians and Gynae-
cologists of Canada, Calgary, Alberta, Canada.
Abstr. 013-REI, 1995: 47.

Sousa M, Tesarik J. Ultrastructural analysis of
fertilization failure after intracytoplasmic sperm
injection. Hum Reprod 1994: 2374-80.

Van Blerkom J, Davis P, Merriam J, Sinclair J.
Nuclear and cytoplasmic dynamics of sperm pene-
tration, pronuclear formation and microtubule
organization during fertilization and early pre-
implanntation development in the human. [Jour-
nal Article] Hum Reprod Update 1995; 429-61.
Kruger TF, Menkveld R, Stander FS, et al. Sperm
morphologic features as a prognostic factor in
vitro fertilization. Fertil Steril 1986; 46: 1118-23.
Veeck LL. The morphological assessment of
human oocytes and early concepti. In Keel BA
and Webster BW, eds.i Handbook of the Labo-
ratory Diagnosis and Treatment of Infertility. CRC

OOCYTE MORPHOLOGY & EMBRYO QUALITY 631

12.

13.

18.

20.

Press, Boca Raton. Finland. 1990: 353.

Giorgetti C, Terriou P, Auquier P. et al. Embryo
score to predict implantation after in-vitro fer-
tilization: base on 957 single embryo transters.
Hum Reprod 1995; 10: 2427-31.

De Sutter P, Dozortsev D, Qian C, Dhont M.
Oocyte morphology does not correlate with fer-
tilization rate and embryo quality after intracyto-
plasmic sperm injection. Hum Reprod 1996: 3:
595-7.

De Sutter P, Dozortsev D, Dhont M. Influence of
oocyte morphology on the outcome of intra-
cytoplasmic sperm injection. Xth Meeting of IVF
Contact Group, Brussels. Belgium. 29 January
1994. Abstract. p. 8.

Eppig 1J. The ovary: oogenesis. In Hillier SG.
Kitchener HC, and Neilson JP. eds. Scientitic
Essentials of Reproductive Medicine. WB. Saun-
ders, London 1996: 147.

Wojcil C, Guerin J. Pinatel M, Bied V. Boulieu D.
Czyba J. Morphological and cytogenetic obser-
vations of unfertilized human oocytes and abnor-
mal embryos obtained after ovarian stimulation
with pure follicle stimulation hormone following
pituitary desensitization. Hum Reprod 1995: 10:
2617-22.

Thibault C. Are follicular maturation and oocyte
maturation independent processes? J Reprod Fertil
1997; 51: 1-15.

Van Blerkom J, Henry G. Oocyte dysmorphism
and aneuploidy in meiotically mature human
oocytes after ovarian stimulation. Hum Reprod
1992; 7: 379-90.

Van Blerkom J, Davis P, Merriman J. Sinclair J.
Nuclear and cytoplasmic dynamics of sperm
penetration, pronuclear formation and microtubule
organization during fertilization and early
preimplantation development in the human. Hum
Reprod Update 1995; 1: 429-61.

Veeck LL. Oocyte assessment and biological per-
formance. Ann NY Acad Sci 1988; 541: 259-74.
Usui N, Yanagimachi R. Behavior of hamster
sperm nuclei incorporated into eggs at various
stages of maturation, fertilization and early deve-
lopment. J Ultrastruct Res 1976: 57: 276-88.




632 S. SUPPINYOPONG et al. J Med Assoc Thai June 2000

ATNRNNUS Iz INgUTeanrazldusssa M jsubuasaumwaisau
ol - - 1
AifennmMdnagaitimelule

ging anAglywed wu~,
Goviay] wased, Wyt a5 m9Ena, AL

PMns e ANNANNENWUSsEn U ansarldnnmIgssndaigaimilazuarninsie
agaitimeluld (1csl Tag@nwluld 135 Wasnngausafidyasen 15 g Ussiugyssansuzesdldnau
misdsagilantufinanwaizany first polar body uaz periviteline space UssfuANMWAIBAUMENAIMITADFA
48 MlhalaswIsudsuiudnyuzenslsnaunsinedd  wuhsanmsUisudund 81.5%, snsmIUfaus
Geund (3PN) 15% lideilansusfsnuaanmaufausinninledeidnsusdpauslifionnuansaag g
VndAty (82.4% uar 79.5%; p > 0.05) lididnsnzissduwusiumeauniaumwimendinisdangingn
fupdAgy (p < 0.001)

AdAgy - pUseansasly, msujsus, aumwsisau, msdeagadhaisluly

ind Anfglgwd uavans
SAYINBIMAYMIUNNE 4 2543; 83: 627-632

* madngimnaniuinging, auzuwnemaasEInTwea, iminendenias, n3nw ¥ 10700




