
First polar body (PB) morphology of human oocytes can indicate further embryo development and via-
bility. However, controversial data have been published in this topic. Our retrospective study analyses the
fertilization and further development of oocytes in relation to different morphological features of the first
PB. The morphology of 3387 MII oocytes from 522 in vitro fertilization (IVF) treatments were assessed
before intracytoplasmic sperm injection (ICSI). Oocytes were classified according to their first PB mor-
phology. Assessment of fertilization and embryonic development (cell number, embryo grade, amount of
anuclear fragmentation and presence of multinucleated blastomeres) was performed 16–20 and 42–48
hours after ICSI. Our results show that fertilization rate and embryo quality is influenced by PB mor-
phology, while speed of development is not affected by the morphology of the first PB. Contrary to pre-
vious findings, our results suggest that oocytes with a fragmented PB had a higher developmental abili-
ty than those with an intact PB. However, we observed a lower viability of oocytes with a large PB. Since
there are contradictions in this and previous observations, an extensive study is needed with standard hor-
monal stimulation protocol and oocyte evaluation criteria.
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INTRODUCTION

In vitro fertilization and embryo transfer for treating human infertility has become a
widely used procedure during the last 20 years in most countries. As a result of the
more and more effective ovarian stimulation protocols, and of improved fertilization
and embryo culture techniques patients can produce more good quality embryos.
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Nevertheless, the implantation rate of individual embryos still remains low. To
improve the efficacy of in vitro fertilization treatments, most of the IVF units trans-
fer more than one embryo at a time, which results in higher rate of multiple preg-
nancy. To increase the pregnancy rates and reduce the occurrence of multiple preg-
nancies, we need to transfer less but more viable embryos. 

Selecting the most viable embryos is a great challenge in clinical assisted repro-
duction. Many embryo transfer (ET) strategies to transfer two, or even one embryo
have been published, without obvious reduction in pregnancy rates [5, 16]. Different
methods have been developed to predict embryo viability in IVF programs.

Most of the IVF laboratories select the embryos for transfer on the basis of their
morphology before embryo transfer. An increasing number of reports are published,
however, on the effect of zygote [11, 14, 15] or even oocyte morphology [1, 4, 20]
on embryo viability.

Since the introduction of ICSI technique, it has become possible to evaluate
oocyte morphology and to correlate different oocyte dysmorphisms to the viability of
the developing embryo. An ideal human oocyte is considered to have a clear, mod-
erately granular cytoplasm, a small perivitelline space, an intact first PB and a round,
colourless zona pellucida [4, 9, 20].

Oocyte dysmorphisms can be divided into cytoplasmic anomalies, such as
increased granularity, presence of vacuoles, refractile bodies, etc., and extracytoplas-
mic anomalies, such as irregular shape or thickness of zona pellucida, enlarged peri-
vitelline space or abnormal morphology of the first PB [2, 6, 12].

First PB morphology can be easily assessed during ICSI treatment. Extrusion of
the first PB indicates the completion of meiotic maturation. It is thought that the first
PB can fragment or degenerate during postovulatory ageing of oocytes [8, 10]. This
theory raises the possibility of indicating the further embryo viability on the basis of
first PB morphology. Oocytes with a fragmented first PB had a lower fertilization
rate, a decreased embryo quality and blastocyst formation rate than oocytes with an
intact first PB [6, 7]. It has been also shown that transferring embryos developed
from oocytes with intact first PB resulted in a higher pregnancy and implantation
rates [8]. However, some authors could not confirm the correlation between first PB
morphology and embryo viability [3, 19]. 

The aim of this study was to analyse the fertilization and further development of
oocytes in relation to different morphological features of the first PB in a human in
vitro fertilization program.

MATERIAL AND METHODS

This retrospective study was performed on patients entering the IVF-ET program of
the Division of Assisted Reproduction at the First Department of Obstetrics and
Gynaecology, Semmelweis University of Medicine, Budapest, Hungary, between
December 2001 and February 2005. In total, 3387 metaphase II (MII) oocytes exam-
ined prior to ICSI were included in this analysis.



The gonadotrophin-releasing hormone (GnRH) agonist + gonadotrophin “long
protocol” or the multiple-dose/single-dose GnRH antagonist + gonadotrophin regi-
men was used for ovarian stimulation. Using the long protocol, pituitary down-regu-
lation was achieved with GnRH agonist triptorelin (Decapeptyl®; Ferring, Kiel,
Germany), with a dose of 0.1 mg/day from the mid-luteal phase of the cycle preced-
ing the treatment cycle. In the multiple-dose GnRH antagonist “Lübeck protocol”,
cetrorelix (Cetrotide®; Serono, Rome, Italy) or ganirelix (Orgalutran®; Organon,
Oss, the Netherlands) was administered from day 5 of ovarian stimulation (0.25
mg/day). In the single dose “French protocol”, 3 mg cetrorelix was injected on stim-
ulation day 7.

Human menopausal gonadotrophin (HMG; Humegon®; Organon or Menogon®;
Ferring or Merional®, IBSA, Lugano, Switzerland) or follicle stimulating hormone
(FSH; Fostimon HP®; IBSA or Gonal-F®; Serono) was used for ovarian stimula-
tion, which was monitored by 1–2 daily oestradiol measurements and transvaginal
ultrasound examination from day 6 of stimulation. 

Ovulation was induced with 5,000–10,000 IU of hCG (Profasi®; Serono or
Choragon®; Ferring) when at least one follicle with a diameter of ≥18 mm, and three
or more follicles with a diameter of ≥16 mm were seen on ultrasound, and serum
oestradiol levels reached 2–300 IU/l per ≥16 mm follicle. Transvaginal ultrasound-
guided aspiration of follicles was performed 36 hours after hCG administration.
Micronised progesterone at a dose of 3 × 200 mg/day (Utrogestan®; Besins
Iscovesco, Paris, France) was given intravaginally for luteal phase support.

Progressive motile sperm cells for fertilization were isolated by “swim up” tech-
nique or by a two-layer density gradient centrifugation, according to the quality of
the native semen sample. ICSI treatment was performed 3–8 hours after oocyte col-
lection. Denudation of oocytes was performed by gentle pipetting after a short incu-
bation in 80 IU/ml hyaluronidase. Denuded oocytes were examined under an invert-
ed microscope. Only mature oocytes with the first PB present (metaphase II) were
selected for microinjection. 

Before sperm injection first PB morphology were assessed with 200× magnifica-
tion on an inverted microscope. Size of first PB was determined by using a build-in
optical scale. First PB was designated as normal sized when its diameter did not
exceed 20 μm. Oocytes were graded into five groups as follows: 1) normal sized,
intact, round or ovoid with smooth surface; 2) normal sized, intact, round or ovoid
with rough surface; 3) normal sized, fragmented or degenerated; 4) larger than nor-
mal (>20 μm); 5) immature, cap-like structure, which were not completely separat-
ed from the oocyte (Fig. 1) [8, 20].

Assessment of fertilization and embryonic development was performed 16–20 and
42–48 hours after ICSI. 16–20 hours after ICSI, normal fertilization was confirmed
by the presence of two pronuclei. On day 2 at 40–48 hours post-insemination
embryos were assessed for cell number, uniformity of blastomere size and degree of
fragmentation, as previously described by Veeck [18]. Embryos were termed “top
quality” if they had equal sized blastomeres, <25% anuclear fragmentation and they
contained at least four cells 2 days after the fertilization [16].
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Fig. 1. Oocyte grading according to the first polar body morphology ([1] normal sized, intact, round or oval shape, smooth surface; [2] normal sized, intact,
round or oval shape, rough surface; [3] normal sized, fragmented or degenerated; [4] larger than the normal size (>20 μm); [5] immature (a cap-like 

structure which was not completely separated from the oocyte)

50 μm



Zygotes which had not cleaved by day 2 were excluded from further analysis of
the individual embryos. 

Routinely, three of the embryos with the highest cell number and the best mor-
phology were selected for embryo transfer. The result of first PB assessment was not
included in the embryo selection procedure. ET was performed on day 3 if more
embryos were available than we had planned to transfer. If there was no possibility
for embryo selection, embryo transfer was performed on day 2.

Since most embryo transfers were performed with embryos originating from
oocytes that were classified into different groups, it was not possible to analyse the
effect of first PB morphology on pregnancy and implantation rates. 

Statistical analysis was performed using the Statistica software package (StatSoft
Inc., Tulsa, OK, USA). Kruskal-Wallis ANOVA test was used to compare continu-
ous variables and χ2 test was performed for the comparison of proportions across
groups. Statistical significance was set at P < 0.05.

RESULTS

Intact, normal sized PB was observed in almost 50% of the oocytes, and in 46.5% of
the oocytes PB was fragmented or degenerated. Immature or large PB seems to be a
rare dysmorphism, since we observed it in 3% of the oocytes. Fertilization rate was
the highest in the fragmented PB group (group 3), which significantly differed from
groups 2 and 4 (Figs 1–5). The lowest fertilization rate was observed in the large PB
group (group 4) which was significantly lower than in groups of oocytes with all
other type of mature PB. The amount of fragmentation was also lowest in the frag-
mented PB group and highest in the large PB group. The frequency of top quality
embryos did not differ significantly among groups but the frequency of embryos with
multinucleated blastomeres was significantly higher in the large PB group than in the
other matured PB groups (groups 1–3). In the group of oocytes with immature PB,
we failed to find any significant differences compared to other PB morphology
groups.

DISCUSSION

Previous reports are contradictory with regard to the effect of first PB morphology of
human oocytes on fertilization rate and embryo development. In our study the occur-
rence of a large PB resulted in a lower fertilization rate and lower embryo quality
than the occurrence of an intact or fragmented PB. This result is similar to the find-
ings of Ebner and colleagues [9] but, due to the low number of oocytes showing this
anomaly, they failed to find significant differences.

On the basis of our results it seems that oocytes with a fragmented PB had a high-
er fertilization rate and better embryo quality than embryos developed from oocytes
with an intact PB. This finding is contrary to previous observations where oocytes
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with a fragmented PB had a fertilization rate and developmental potential worse than
[7, 9], or equal to [3] oocytes with an intact PB. However, Ciotti and colleagues [3]
pointed out that PB fragmentation rate increases during in vitro culture before sperm
injection. This confirms the theory of Eichenlaub-Ritter et al. [10] that first PB frag-
mentation is a result of the oocyte ageing during in vitro culture. These findings,
together with other authors’ opinions [1], suggest that both the stimulation protocols
and the evaluation criteria, including the time of oocyte assessment, may have con-
tributed to the divergence in the literature regarding which oocyte morphology is
related to ICSI outcome.

Our data clearly demonstrate that oocytes with large PB have a lower fertilization
rate. These oocytes result in abnormal embryo devlopment with higher grade of frag-
mentation and higher incidence of multinucleated blastomers. Multinucleation is
known to be a factor which correlates with increased risk of genetical abnormalities
[13] and a lower chance of implantation [17]. Thus, our results suggests that embryos
developed from oocytes with large PB should not be selected for transfer.

In conclusion, on the basis of our data it seems, that fertilization rate and embryo
morphology is influenced by first PB morphology, while the speed of embryonic
development is not affected by the morphology of first PB. Because of a lower via-
bility and a higher chance of abnormal development, embryos derived from oocytes

Table 1
Effect of polar body morphology on fertilization rate and day 2 embryo development

Study group 1 2 3 4 5

Polar body
Round or Round or

Fragmented
morphology

ovoid, smooth ovoid, rough
or degenerated

Large Immature
surface surface

Number of oocytes 714 1006 1576 62 29
(21.1) (29.7) (46.5) (1.8) (0.9)

Fertilization 468 650 1088 31 17
(65.5)a (64.6)b,c (69.0)b,d (50.0)a,c,d (58.6)

Cell number* 4.0 4.0 4.1 4.3 4.4
± SD ±1.4 ±1.2 ±1.4 ±1.7 ±1.4

Fragmentation* 17.9 18.2 16.0 20.5 19.1
± SD ±13.9e ±13.8f ±12.2e,f,g ±12.1g ±12.8

No. of top quality 117 171 294 4 3
embryos (25.5) (27.2) (27.7) (13.3) (18.8)

No. of embryos 38 55 81 8 3
with MNB (8.3)h (8.8)i (7.6)j (26.7)h,i,j (18.8)

Values in parentheses are percentages.
*Numbers are averages (± SD).
MNB = Multinucleated blastomers.
a,b,c,e P ≤ 0.02.
d,f,h,i,j P < 0.002.
g P < 0.05.



with a large PB are not suggested to be transferred. Contrary to previous findings, our
results suggest that oocytes with a fragmented PB have a higher developmental abil-
ity than those with an intact PB. Since there are contradictions in our and in previous
observations, a more comprehensive study is needed with standard hormonal stimu-
lation protocol and oocyte evaluation criteria.
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