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Objective: During stimulated IVF cycles, up to 15% of oocytes are recovered as immature. The purpose of this study was to investigate the trend
of oocyte maturity in repeated ovarian stimulation for IVF.

Methods: One hundred forty-eight patients were selected who underwent two consecutive IVF cycles using same stimulation protocol during
2008 to 2010. Ovarian stimulation was performed with FSH and human menopausal gonadotropin and flexible GnRH antagonist protocol in
both cycles. Oocyte maturity was assessed according to presence of germinal vesicle (GV) and the first polar body. Immature oocyte was de-
fined as GV stage or metaphase | oocyte (GV breakdown with no visible polar body) and cultured up to 48 hours. If matured, they were fertil-
ized with ICSI.

Results: Percentages of immature oocytes were 30.8% and 32.9% (p=0.466) and IVM rates of immature oocytes were 36.2% and 25.7% (p=
0.077), respectively. A significant correlation was noted between percentage of immature oocytes in the two cycles (R=0.178, p=0.03). Wom-
en with >40% immaturity in both cycles (n=21) showed lower fertilization rate of in vivo matured oocytes (56.4% vs. 72.0%, p=0.005) and
lower pregnancy rate (19.0% vs. 27.1%, p=0.454) after the second cycle when compared with women with <40% immaturity (n=70). In both
groups, female age, number of total retrieved oocyte and embryos transferred were similar.

Conclusion: In repeated ovarian stimulation cycles for IVF, the immature oocyte tended to be retrieved repetitively in consecutive IVF cycles.
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Introduction

Oocyte maturation is a process where the oocyte is escaped from
the meiotic arrest and advances from prophase | to metaphase Il [1].
Oocytes are maintained in meiotic arrest by inhibitory environment
and the LH surge induces oocyte maturation to release the first polar
body (PB) [2]. This meiotic progression is precisely regulated by vari-
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ous components.

In IVF cycle, multiple follicles are growing by administration of ex-
ogenous gonadotropins and oocytes are finally maturated by injec-
tion of hCG. In the preovulatory follicles, oocytes are arrested in pro-
phase | and oocyte meiosis is resumed just after administration of
hCG [3]. Although hCG is exposed for the sufficient time to induce
the ovulation [4], the retrieved oocytes sometimes fail to resume mei-
osis in vivo. About 5-7% of oocytes retrieved are immature at the ger-
minal vesicle (GV) stage, which were required further IVM process [5].
In IVF cycles using GnRH antagonist, up to 15% of oocytes are recov-
ered as immature [6]. Immature oocytes can be fertilized after IVM,
but generally resulting lower pregnancy rate than those matured in
vivo. Therefore, obtaining higher proportion of in vivo matured oo-
cyte is essential component for achieving good clinical pregnancy
rate in stimulated IVF cycle.

The mechanisms to yield immature oocytes are not fully understood.
Using FSH alone rather than FSH and LH for ovarian stimulation [7],
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GnRH antagonist rather than GnRH agonist [8] and a short GnRH ag-
onist protocol rather than long GnRH agonist protocol [9] were re-
ported to be related with immature oocytes. However, there have
been no studies about the trend of oocyte maturity in the same per-
son. We investigated the trend of immature oocytes retrieval on the
assumption that immature oocytes would be retrieved repetitively in
the consecutive IVF cycles in same women.

Methods

1. Patients

We retrospectively analyzed the data from 148 patients who un-
derwent two consecutive IVF cycles using same stimulation protocol
between 2008 and 2010. The study was approved by the Institutional
Review Board of Maria Hospital. Exogenous gonadotropins, FSH (Go-
nal-f; Serono, Geneva, Switzerland) and human menopausal gonad-
otropin (hMG) (Menopur, Ferring, Denmark) and, GnRH antagonist
(Cetrotide; Serono) were used for ovarian stimulation in both cycles
with same protocol. Ovulation was induced by recombinant hCG 250
Hg (Ovidrel; Serono) when a leading follicle had achieved a diameter
of 18 mm or more. About 36 hours after administration of hCG, oo-
cyte retrieval was performed under ultrasound guidance. All antral
follicles were aspirated, including the small ones. Maturity of oocytes
was classified according to nuclear status: presence of the first PB or
possession of an intact GV. Immature oocytes defined as GV stage or
metaphase | oocyte (GV breakdown with no visible PB) were then
cultured up to 48 hours using maturation medium. After maturation,
oocytes were denuded of the granulose cells and fertilized by ICSI. In
vivo matured oocytes were also fertilized with conventional insemi-
nation or ICSI as appropriate. Embryo transfer was performed 3 days
after oocyte retrieval. Clinical pregnancy was defined as the presence
of intrauterine gestational sac by ultrasound at 6-7 weeks gestation.

2. Statistical analysis

The data were analyzed using the SPSS (SPSS Inc., Chicago, IL, USA)
for Windows program and are presented as means = SD or %. Statis-
tical analysis was performed by using Student’s t-test or the Mann-
Whitney U test for continuous variables and by using x*test for cate-
gorical variables. Correlations between different parameters were
determined by univariate correlation analysis and are expressed as

Table 1. Outcomes of the first and second ovarian stimulation cycles

Outcomes Istcycle 2ndcycle p-value
Mean number of total retrieved oocytes® 59+3.8 69+44 <0.001
Immature oocytes (%) 30.8 329 0.466
IVM rate of immature oocytes (%) 36.2 257 0.077

?Data are given as mean = SD.
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Spearman’s correlation coefficients. A p-value of <0.05 was consid-
ered to be significant.

Results

The mean age of total 148 women was 36.3 +4.3 years and mean
interval between the first and the second cycle was 167.0+ 117.1 days.
The infertility factors of the subjects were identified as female factor
(46.0%), unknown (25.0%), both factor (15.5%), and male factor
(13.5%). The specific causes of infertility among those with the fe-
male and both factors were as follows: diminished ovarian reserve
(42.8%), tubal obstruction (29.7%), endometriosis (16.5%), myoma
(5.5%), thin endometrium (3.3%), and polycystic ovary syndrome
(2.2%).

The outcome parameters of the first and second ovarian stimula-
tion cycles are shown in Table 1. Mean number of total retrieved oo-
cytes was 5.9+ 3.8 and 6.9 + 4.4 in the first and second cycles, respec-
tively. Percentage of immature oocytes was 30.8% and 32.9% and
IVM rate was 36.2% and 25.7%. Mean number of total retrieved oo-
cytes was statistically higher in second cycle than first cycle. However,
there was no significant difference between two groups in the rates
of immature oocytes and IVM. Percentages of immature oocytes be-
tween the two cycles showed a significant correlation (R=0.178, p=
0.03) (Figure 1).

Patients were divided into two groups according to percentage of im-
mature oocytes (Table 2). Women with >40% immaturity in both cy-
cles showed lower fertilization rate of in vivo matured oocytes and low-
er pregnancy rate after the second cycle when compared with those
having <40% immaturity. Age, number of total retrieved oocytes and
transferred embryos were not significantly different in both groups.

1.00 ooo o o o
o]
0.80 o
oo
o
0 0000 O o o
060 - o Oo o o R

o
o OOOO ] o
040 © 080, ©45 o o
o] o] o] [e]e]
o
o o o ° o o o
o o
o]

Percentage of immature oocytes in 2nd cycle (%)

020 © ® go g9 o 8 R
0® o o o
© o ° o
000 = O o] OO0 Oo0O0O O (o] (o] o O o]
| | | | | |
0.00 020 040 060 080 1.00

Percentage of immature oocytes in 1st cycle (%)

Figure 1. Correlation of percentages of immature oocytes in 1st and
2nd cycles by univariate linear regression.
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Table 2. Clinical characteristics and IVF outcomes in 2nd cycle accor-
ding to percentage of ovarian immaturity in both cycles

>40% <40%

Parameters immaturity immaturity  p-value

(n=21) (n=70)
Age (yr) 35.1+4.7 36.4+4.2 NS
No. of total retrieved oocytes 51+28 6.1+43 NS
Fertilization rate (%) 56.4 72.0 0.005
No. of embryo transferred 22+10 24+09 NS
Clinical pregnancy rate (%) 19.0 271 NS

NS, not statistically significant.
*Fertilization rate of in vivo matured oocytes.

Discussion

Maturation of oocyte is an essential factor for successful fertilization.
Bar-Ami et al. [10] reported that meiotically incompetent oocytes are
retrieved in 8.6% to 15.2% of all infertility patients and also demon-
strated that if >25% of the oocytes were immature, then successful
fertilization and clinical pregnancy were greatly reduced [10]. The
other studies also demonstrated that a positive correlation exists be-
tween the degree of nuclear maturation and their potential for fertil-
ization in vitro [11,12]. Laufer et al. [13] observed a high fertilization
rate of denuded oocytes which had a PB at the time of insemination,
whereas oocytes at the GV or germinal vesicle breakdown stage fail-
ed to fertilize. In this study, we demonstrated that immature oocytes
are retrieved in those with poor quality of follicular cohort and retri-
eved repeatedly in the repeat ovarian stimulation cycles. Moreover, the
patients with >40% immaturity in both cycles showed lower fertil-
ization rate.

The process of oocyte maturation is complex and not yet fully un-
derstood [14]. The meiotic division of the mammalian oocyte is un-
der several stop/go control and influenced by various components of
the oocyte and the follicle [10]. It starts before or after birth and re-
stricted in status of meiotic arrest at the diplotene stage by an inhibi-
tory follicular environment [15] and the LH surge lifts this restriction
and stimulates the maturation of oocytes to the first PB stage [2]. Usu-
ally the resumption of meiosis takes place within 18 hours and achie-
vement of second metaphase within 28-38 hours after LH surge [3].
Although hCG exposure is maintained for 36 hours which length of
time is sufficient to induce the ovulatory process [4], sometimes the
retrieved oocytes remained the status of meiotic arrest.

Levan et al. [16] suggested that failure of maturation in vivo may
due to one of the following three causes: 1) absent or incomplete LH
effect; 2) derangement in the signaling mechanism from the sur-
rounding cumulus cells; and 3) intrinsic oocyte factors. Abnormal or
insufficient LH effect involves the following mechanisms: inadequate
timing of the hCG administration, lack of LH activity (hCG batch prob-
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lem, i.e., inactive isoform), dysfunctional or insufficient LH receptors,
problem in hormonal delivery [16,17].

Several strategies have been suggested for dealing with the prob-
lem of repeated retrieval of immature oocytes. For example, an ex-
tended in vivo period of follicular growth to a follicular size of 22-23
mm, an increase of hCG dose, an extended in vivo hCG interval, and
modified natural cycle protocols have been recommended [18]. The
results of the most trial have been disappointing and there are no
available therapeutic approaches except oocyte donation. Hourvitz
et al. [18] recommended that IVM treatment should be considered
for women with repeated IVF failure. Dysfunction of the cumulus-oo-
cyte complex might result in failure of the oocyte to resume meiosis.
Therefore, early oocyte pickup and replacement of the natural inade-
quate environment with the more favorable medium might help the
oocytes mature [18]. However, VM is at the experimental level, and
warrants further study.

Repeated retrieval of immature oocytes in IVF is associated with poor
prognosis and difficult challenge to the physician solve. However,
there have been no studies about the repetitiveness of immature oo-
cytes. To our best knowledge, this is the first study about the oocyte
maturity in repeated ovarian stimulation. In this study, we demon-
strated that the immature oocyte tended to be retrieved repetitively
in consecutive IVF cycles. Women with repeatedly higher oocyte im-
maturity had low potential for fertilization, which suggests poor qual-
ity of their follicular cohort.

This study had a number of limitations. First, oocyte maturation is
influenced by the factors, such as duration of COH, difference between
clinicians, dose of gonadotropin. However, these confounding fac-
tors are not considered in our study. Second, the solutions to reduce
immature oocytes have not been suggested.

In conclusion, the immature oocyte tended to be retrieved repeti-
tively in same women. Prediction of percentage of immature oocytes
allows appropriate counseling and modification of an individual’s
treatment. Further studies are needed to solve this problem and im-
prove the outcome of IVF in those with repeated immature oocyte
retrieval.
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