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Abstract: The fertilization outcomes of belatedly ma-
tured metaphase II (MII) oocytes that extrude the first 
polar body a few hours after cumulus cell removal have 
been investigated. However, the influence of using these 
oocytes on the outcomes of intracytoplasmic sperm in-
jection (ICSI) remains unclear. Here, we investigated the 
laboratory and clinical outcomes of ICSI using belatedly 
matured oocytes on the day of retrieval. The laboratory 
and clinical outcomes of 10,605 ICSI cycles performed 
using accurately timed MII oocytes (normal MII group) 
and belatedly matured oocytes (delayed MII group) be-
tween January 2010 and December 2018 were retro-
spectively investigated. The fertilization rate, proportion 
of morphologically good-quality embryos on day 3, and 
proportion of embryos that developed into morphologi-
cally good-quality blastocysts by day 5 were significantly 
lower in the delayed MII group than in the normal MII 
group. However, no significant differences in clinical out-
comes (clinical pregnancy rate, miscarriage rate, live 
birth rate) were observed for thawed blastocyst transfers 
between groups the two group. Oocytes that extruded 
the first polar body a few hours after cumulus cell re-
moval and develop ed into morphologically good-quality 
blastocysts did not have an adverse effect on the clinical 
outcomes of ICSI embryos.
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Introduction

During controlled ovarian stimulation for in vitro fertil-
ization (IVF), multiple oocytes are often collected as a 
mixture of large and small follicles because of differenc-
es in the responsiveness to the stimulus. Consequently, 
both mature and immature oocytes may be collected.

Typically, cumulus cells are removed by hyaluronidase 
treatment before intracytoplasmic sperm injection (ICSI) 
and only the metaphase II (MII) oocytes containing the 
first polar body are used for ICSI. However, as described 
in previous studies, approximately 15–20% oocytes fail 
to resume maturation or reach the mature stage (MII) [1, 
2], and some immature oocytes in metaphase I (MI) or 
the germinal vesicle (GV) stage may be collected. Nev-
ertheless most immature oocytes (mainly MI) can reach 
the MII stage during the day of oocyte retrieval or during 
the next day.

Some studies have shown that oocytes that extrude 
the first polar body a few hours after cumulus cell re-
moval exhibit low fertilization and embryonic develop-
ment rates; however, pregnancy has been confirmed with 
these oocytes [1, 3–4]. Contrastingly, oocytes that fail to 
reach the mature stage during the day of oocyte retrieval 
exhibit much lower fertilization and embryonic develop-
ment rates than those of oocytes that mature during the 
day of oocyte retrieval [5].

Recent investigations have demonstrated that after cu-
mulus cell removal, immature oocytes cultured in IVM [6] 
or blastocyst medium improved laboratory outcomes [7]; 
however, the method has not been established yet.

Moreover, in vitro matured oocytes have high probabili-
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ties of chromosomal abnormality [8], cytoplasmic matu-
ration failure [9], and spindle abnormality [10, 11]. There-
fore, the feasibility of these oocytes remains unclear.

Therefore, in the present study, we analyzed the labo-
ratory and clinical outcomes of oocytes which matured 
on the day of retrieval at our clinic and investigated the 
feasibility of using MII oocytes with delayed first polar 
body extrusion in ICSI.

Materials and Methods

Samples and experimental design
This study was conducted using oocytes obtained from 

10,605 ICSI cycles performed between January 2010 and 
December 2018. The oocytes with the first polar body fol-
lowing cumulus cell removal were classified as the nor-
mal MII group, whereas oocytes which extruded the first 
polar body a few hours after cumulus cell removal were 
classified as the delayed MII group. The laboratory and 
clinical outcomes of the two groups were retrospectively 
reviewed are compared using medical records.

Ovarian stimulation
Ovulation was induced by mild stimulation from day 

3 of menstruation by oral administration of clomifene 
(Clomid®, Fuji Pharma Co., Ltd., Toyama, Japan) and 
subcutaneous or intramuscular administration of follicle-
stimulating hormone (Follistim®, MSD K.K. a subsidiary 
of Merck & Co., Inc., Kenilworth, NJ, USA or Gonal F®, 
Merck KGaA, Darmstadt, Germany) or human meno-
pausal gonadotropin (HMG Fuji®, Fuji Pharma Co., Ltd. 
or HMG Ferring®, Ferring Pharmaceuticals Co., Ltd., To-
kyo, Japan). When necessary, a gonadotropin-releasing 
hormone antagonist (Cetrotide®, Merck KGaA or Gani-
rest®, MSD K.K.) was also administered. When the mean 
diameter of two axes of the dominant follicle reached at 
least 18 mm, a human chorionic gonadotropin formula-
tion (hCG Fuji®, Fuji Pharma Co., Ltd.) or gonadotropin-
releasing hormone agonist (Buserecur®, Fuji Pharma 
Co., Ltd) was administered, and oocytes were collected 
34–36 h later.

Oocyte and embryo culture
Oocytes were pre-cultured for 5–6 h after retrieval and 

cumulus cells were removed using hyaluronidase (ICSI 
cumulase®; LIFE GLOBAL/CooperSurgical, MÅløv, Den-
mark). ICSI was conducted using only oocytes that had 
extruded the first polar body.

After ICSI, embryo culture was carried out in an at-
mosphere of 6% carbon dioxide, 5% oxygen, and 89% 
nitrogen in Universal IVF Medium (LIFE GLOBAL/Coo-

perSurgical) for fertilization, and then switched to Global 
Medium (LIFE GLOBAL/CooperSurgical) for culture from 
the zygote to blastocyst, or Sydney IVF cleavage me-
dium (Cook Medical, Bloomington, IN, USA) for culture 
from the zygote to cleavage-stage embryo, and Sydney 
IVF blastocyst medium (Cook Medical) for culture from 
the cleavage-stage embryo to blastocyst, after confirm-
ing that fertilization had occurred. Two types of culture 
media were used in our study; however, the laboratory 
outcomes of using global medium or cleavage medium 
and blastocyst medium were not significantly different. 
Fertilization was confirmed 16–18 h after ICSI by exam-
ining the ova using a stereomicroscope to detect pronu-
clei and polar bodies.

All embryos analyzed in this study had Gardner grades 
of 3BB or higher when cryopreserved on day 5–7. 
Cryopreservation was carried out using the vitrification 
method with vitrification medium (Kitazato BioPharma, 
Shizuoka, Japan), and thawing was carried out using 
thawing medium (Kitazato BioPharma) [12]. After thaw-
ing, assisted hatching was conducted for all embryos by 
partial zona dissection.

Embryo transfer
Before transferring the thawed embryos during the nat-

ural cycle, either natural or induced ovulation was con-
firmed. Five days later, frozen-thawed single-blastocyst 
transfer was performed. To transfer thawed embryos dur-
ing the hormone-replacement cycle, estradiol (Estrana®, 
Hisamitsu Pharmaceutical Co., Inc., Tokyo, Japan) was 
administered from approximately day 3 of menstruation. 
After confirming the endometrial thickness was at least 
8 mm, progesterone (vaginal suppository) was adminis-
tered. Frozen-thawed single-blastocyst transfer was car-
ried out on day 6 after initiating progesterone adminis-
tration using an IVF catheter (Fuji Systems Corporation, 
Tokyo, Japan) or an ET catheter (Kitazato BioPharma) 
with ultrasound guidance. Subjects were considered clin-
ically pregnant upon confirmation of the presence of a 
gestation sac by transvaginal ultrasonography. Informed 
consent was obtained from all the subjects in accor-
dance with the Denentoshi Ladies Clinic code of ethics 
approved by the Institutional Review Board of our clinic 
before participation in the study.

Outcomes
The laboratory outcomes evaluated were fertilization 

rate, proportion of morphologically good-quality embryos 
on day 3, and proportion of embryos that developed into 
morphologically good-quality blastocysts by day 5. Mor-
phologically good-quality embryos on day 3 contained 
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7–10 cells of grade 1 or 2 according to the Veeck clas-
sification [13]. Embryos that developed into morphologi-
cally good-quality blastocysts by day 5 were those with 
a grade of 3BB or higher according to the Gardner clas-
sification [14]. Clinical outcomes included the pregnancy 
rate, miscarriage rate, and live birth rate after thawed 
blastocyst transfer.

Statistical analysis
The average ages of the recipients of the normal MII 

and delayed MII group were compared using the t-test. 
The laboratory and clinical outcomes of the two groups 
were compared using the χ2 test. A P value <0.05 was 
considered to indicate statistical significance.

Results

There were no significant differences in the average 
ages at the time of oocyte retrieval and freezing of the 
blastocysts (Table 1). As shown in Fig. 1, all laboratory 
outcomes (fertilization rate, proportion of morphologi-
cally good-quality embryos on day 3, and proportion of 
embryos that developed into morphologically good-
quality blastocysts by day 5) of the delayed MII group 
(56.0%: 362/647, 42.3%: 153/362, 28.6%: 101/353) 
were significantly poorer than those of the normal MII 

group (81.6%: 22,776/27,919, 62.6%: 14,248/22,776, 
43.5%: 9,318/21,417). However, the clinical outcomes 
(clinical pregnancy rate, miscarriage rate, and live birth 
rate) did not significantly differ between the normal MII 
group (38.9%: 3,672/9,432, 26.5%: 974/3,672, 21.5%: 
2,026/9,432) and the delayed MII group (33.9%: 21/62, 
14.3%: 3/21, 21.0%: 13/62) (Fig. 2).

Discussion

Different institutions have different protocols for han-
dling oocytes that are immature at the time of retrieval for 
ICSI, and studies of the laboratory and clinical outcomes 
of oocytes that mature from MI to MII on the day of oocyte 
retrieval have reported conflicting results. Some studies 
demonstrated significantly reduced fertilization and em-
bryonic development rates [3, 4, 15–17], whereas anoth-
er study indicated a reduced fertilization rate but no ad-
verse effect on subsequent embryonic development and 
clinical outcomes [1]. Moreover, other studies revealed 
no significant differences in the fertilization rate, embry-
onic development rate [18, 19], or clinical outcomes [20].

Our results indicate that the laboratory outcomes for 
belatedly matured MII oocytes are significantly poorer 
than those of MII oocytes when the first polar body is 
present at the time of oocyte retrieval. Because the prop-
erties of morphological maturation such as the extrusion 

Table 1. Ages of the women (mean ± standard deviation) at the times of oocyte retrieval and frozen 
of freeze-thawed blastocysts

Age at the time of oocyte retrieval (years) Age at the time of freezing (years)

MII group 38.4 ± 4.0 (n=27,919) 37.5 ± 4.1 (n=9,432)
MI–MII group 38.1 ± 4.1 (n=647) 37.4 ± 4.3 (n=62)

Fig. 1. Laboratory outcomes of embryo culture (fertilization 
rate, proportion of morphologically good-quality em-
bryos on day 3, and proportion of embryos that devel-
oped into morphologically good-quality blastocysts by 
day 5) of the normal MII (blue) and delayed MII (red) 
groups. *P < 0.05.

Fig. 2. Clinical outcomes of thawed blastocyst transfer (clinical 
pregnancy rate, miscarriage rate, live birth rate) of the 
normal MII (blue) and delayed MII (red) groups.
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of the first polar body do not necessarily reflect cytoplas-
mic and nuclear maturation [9, 21], conducting ICSI be-
fore cytoplasmic maturation may help to improve these 
laboratory outcomes. Previous studies reported that most 
belatedly matured MII oocytes injected soon after first 
polar body extrusion remained unfertilized [22, 23]. For 
40–60 min no spindle was detectable, superseded by the 
formation of the metaphase II meiotic spindle, which typi-
cally appeared under the first polar body approximately 
115–150 min after extrusion of the first polar body [24].

Other studies have reported that 87% of belatedly ma-
tured MII oocytes developed a spindle signal after 2 h 
incubation, and that the fertilization rates of detectable 
spindle oocytes were significantly higher than those of 
nondetectable spindle oocytes [25]. Therefore, detecting 
the spindle with a spindle visualization system is impor-
tant for conducting ICSI for belatedly matured MII oo-
cytes. However, in the absence of a visualization system, 
ICSI needs to be conducted at least 2–3 h after first polar 
body extrusion, as performed in our study.

Several studies have shown that the belatedly matured 
MII oocytes exhibit higher rates of chromosomal abnor-
malities [8, 26] and induce abnormal fertilization owing 
to the inability of these oocytes to extrude the second 
polar body and distribute chromosomes [9]. Therefore, 
using this protocol of conducting ICSI at least 2–3 h after 
first polar body extrusion, alone did not lead to improve 
laboratory outcomes.

The use of IVM [6] or blastocyst medium [7], or addition 
of EGF-like factor [27] or dbc-AMP [28] to improve the 
laboratory outcomes of belatedly matured MII oocytes 
has been reported by several recent studies. Therefore, 
the culture medium may improve fertilization and embryo 
development rates.

However, in the present study, there were no signifi-
cant differences in the clinical pregnancy rates, miscar-
riage rates, or live birth rates between the normal MII 
and delayed MII groups. The birth prognoses were also 
favorable, suggesting that embryos which develop into 
blastocysts of a grade for which fertilization and freezing 
are possible have the same fertility as those developed 
from normally maturing oocytes.

There are some concerns that in vitro-cultured oocytes 
have higher rates of chromosomal abnormalities [5, 8, 
29–31], and that oocyte aging can influence oocyte qual-
ity when oocytes are cultured in vitro until polar body ex-
trusion after cumulus cell removal. However, other stud-
ies have reported that in vitro culture within 5–8 h does 
not influence laboratory or clinical outcomes [1, 3, 15, 23]. 
Moreover, given that the clinical outcomes of the delayed 
MII group, which developed into morphologically good-

quality blastocysts in this study, were not significantly dif-
ferent from those of the normal MII group, it is unlikely that 
short-term in vitro culture has a substantial effect on fertil-
ity. Overall, our study suggests that although oocytes with 
delayed polar body extrusion have relatively poor labora-
tory outcomes, the same success rate can be achieved as 
when using accurately timed MII oocytes if they develop 
into morphologically good-quality blastocysts. Thus, the 
use of oocytes that extrude the first polar body belatedly 
is a safe option and this may be particularly important in 
the treatment of patients with low oocyte counts.
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