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Objective: The goal of this study was to evaluate the pregnancy potential of immature (metaphase | or germinal vesicle stage) oocytes re-
trieved in intracytoplasmic sperm injection (ICSI) cycles.

Methods: A total of 1,871 couples with infertility underwent 2,984 ICSI cycles. Cycles in which three or fewer oocytes were retrieved were in-
cluded in this study in order to evaluate the pregnancy potential of immature oocytes. Cycles were divided into five groups (group I-V), accord-
ing to the maturation status of the oocytes at the time of cumulus cell removal and ICSI. The fertilization and pregnancy rates after ICSI were
analyzed and compared among the study groups based on the maturation status of the retrieved oocytes.

Results: The retrieval of only immature oocytes was associated with a significant decrease in the fertilization rate (76.1% +37.3% vs.
49.0% +49.1%, 66.7% +48.7%; group | vs. group II, group lll, respectively) and the average number of transferred embryos (1.5+0.7 vs.
1.1+£04, 1.1£0.6). The cycle cancellation rate was significantly higher when only immature oocytes were retrieved. The clinical pregnancy rate
decreased significantly when the transferred embryos had originated from immature oocytes (16.9% vs. 10.3%, 1.2%).

Conclusion: In ICSI cycles, the fertilization potential and pregnancy potential of the immature oocytes retrieved in ICSI cycles were inferior to
those of mature oocytes. Therefore, increasing the number of injectable oocytes and transferrable embryos by using immature oocytes after

their spontaneous in vitro maturation does not necessarily improve pregnancy outcomes.
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Introduction

Controlled ovarian hyperstimulation has typically been performed
using exogenous gonadotropin as part of in vitro fertilization (IVF)
and embryo transfer programs in order to retrieve a large number of
oocytes. Retrieved oocytes exist in one of three maturation stages:
mature metaphase Il (MII), immature metaphase | (MI), and imma-
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ture germinal vesicle (GV) oocytes. Moreover, the maturation profiles
of retrieved oocytes varies among patients. Immature oocytes are
generally discarded in intracytoplasmic sperm injection (ICSI) cycles
if the majority of the retrieved oocytes are mature. However, imma-
ture oocytes also are potential sources of embryos, which is an espe-
cially relevant consideration when all or most of the retrieved oo-
cytes are immature. Moreover, several studies have confirmed that
both normal pregnancies and live births have been achieved from
embryos originating from immature oocytes [1-5].

According to recent studies, immature oocytes constitute between
15% and 20% of the total population of retrieved oocytes in stimu-
lated cycles [6,7]. It is not yet known why some retrieved oocytes are
immature. Two potential explanations have been proposed: first,
heterogeneous follicles at different developmental stages at the
starting time of ovarian hyperstimulation lead to different stages of
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oocyte maturation [8]; second, aspiration of the small antral follicle
during oocyte retrieval can obtain oocytes in different stages of mat-
uration [9,10]. Most immature oocytes undergo nuclear maturation
spontaneously within 24 hours after oocyte retrieval and reach the
final stage of nuclear maturation, metaphase Il [11]. This process of
spontaneous in vitro maturation (IVM) can take place rapidly. There-
fore, oocytes that have matured in vitro can be injected with sperm
to increase the number of transferrable embryos in ICSI when a low
number of mature oocytes have been retrieved. Moreover, immature
oocytes that do not mature on the day of oocyte retrieval can also
undergo maturation overnight. When all or most of the injected oo-
cytes are not fertilized, ICSI can be performed on these oocytes that
have matured in vitro. However, in vitro-matured oocytes have been
shown to exhibit a lower fertilization rate, abnormal embryonic de-
velopment, frequent developmental blocks, retarded development,
and lower implantation rates than in vivo-matured oocytes [4,5,12-
21]. Moreover, in addition to showing lower developmental poten-
tial, in vitro-matured oocytes also show a lower potential for preg-
nancy. Therefore, the spontaneous abortion rate has been shown to
be high in pregnancies achieved from embryos originating from im-
mature oocytes obtained from stimulated cycles [4,5]. The low devel-
opmental and pregnancy potential of in vitro-matured oocytes re-
mains a major hurdle to be overcome in the human oocyte IVM field.
The low developmental and pregnancy potential of immature oo-
cytes retrieved from stimulated cycles appears to result from subop-
timal culture conditions that fail to support the cytoplasmic matura-
tion of the oocytes [11].

Although immature oocytes retrieved together with mature oo-
cytes in stimulated cycles have been shown to have low develop-
mental and pregnancy potential, the clinical use of these immature
oocytes may still be worthwhile. This is because the numbers of in-
jectable oocytes can be increased at the time of ICSI, especially when
only a low number of mature oocytes are retrieved. However, no evi-
dence appears to indicate that increasing the number of injectable
oocytes using immature oocytes retrieved from stimulated cycles ac-
tually increases pregnancy rates. Therefore, the present study evalu-
ated the fertilization rate and pregnancy potential of immature oo-
cytes retrieved from ICSI cycles in which a low number of oocytes
were retrieved. Furthermore, this study evaluated whether the clini-
cal use of immature oocytes, along with mature oocytes, increases
pregnancy rates.

Methods

1. Patients
This study was approved by the institutional review board of Cheil
General Hospital and Women'’s Healthcare Center. A preliminary
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study analyzed the percentage of ISCI cycles performed between
2011 and 2013 in which only immature oocytes were retrieved. A to-
tal of 4,332 cycles were analyzed, and only immature oocytes were
retrieved in 127 cycles (2.9%) at the time of cumulus cell removal.
Immature oocytes were retrieved along with mature oocytes in 4,205
cycles (97.1%) and the immature oocytes had not matured at the
time of ICSlin 3,141 cycles (72.5%). The proportion of cycles in which
immature oocytes were retrieved was again analyzed based on the
number of retrieved oocytes. Only immature oocytes were retrieved
in 0.4% of cycles (10 cycles) in which four or more oocytes (2,728 cy-
cles) were retrieved and in 7.3% of cycles (117 cycles) in which three
or fewer oocytes (1,604 cycles) were retrieved. Moreover, in cycles in
which four or more oocytes were retrieved, only embryos originating
from mature oocytes were transferred, while in cycles in which three
or fewer oocytes were retrieved, embryos obtained from immature
oocytes were transferred along with embryos originating from ma-
ture oocytes. Cycles in which four or more oocytes were retrieved,
but only embryos originating from immature oocytes were trans-
ferred, were rare. Therefore, those cycles were excluded from this
study, and only cycles in which three or fewer oocytes were retrieved
were analyzed to evaluate the fertilization and pregnancy potential
of embryos originating from oocytes that were immature at the time
of oocyte retrieval. The inclusion criteria included couples who un-
derwent an ICSI cycle from January 2003 to October 2013, in which
three or fewer oocytes were retrieved. Couples were divided into five
groups, according to the maturation status of the oocytes at the time
of cumulus cell removal and ICSI. Group | included cycles in which
immature oocytes coexisted with mature oocytes at the time of cu-
mulus cell removal, but the immature oocytes had not yet matured
at the time of ICSI (2,558 cycles). Group Il included cycles in which
only immature oocytes were retrieved at the time of cumulus cell re-
moval, and some of these immature oocytes had matured at the
time of ICSI (84 cycles). Group Il included cycles in which only imma-
ture oocytes existed at the time of cumulus cell removal and ICSI, and
some of these oocytes had matured 1 day after oocyte retrieval (103
cycles). Group IV included cycles in which immature oocytes coexist-
ed with mature oocytes at the time of cumulus cell removal, and
some of these immature oocytes had matured at the time of ICSI
(119 cycles). Group V included cycles in which immature oocytes co-
existed with mature oocytes at the time of cumulus cell removal, and
some of these immature oocytes had matured 1 day after oocyte re-
trieval (120 cycles).

2. Controlled ovarian stimulation

Pituitary blockage was performed using either a gonadotropin-re-
leasing hormone agonist or antagonist. Controlled ovarian stimula-
tion was achieved with a daily dose of human menopausal gonado-
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tropin or urinary or recombinant follicle-stimulating hormone, start-
ing on the third day of the menstrual cycle. Follicular growth was
monitored by transvaginal ultrasound examination, beginning on
the fourth day of gonadotropin administration. When adequate fol-
licular growth and serum E2 levels were observed, urinary or recom-
binant human chorionic gonadotropin was administered. Oocytes
were then retrieved transvaginally under ultrasound guidance 36
hours after human chorionic gonadotropin administration.

3. Preparation of oocytes

Cumulus cells were removed approximately 2 hours after oocyte
retrieval. During this time, oocytes were maintained in fertilization
medium (Vitrolife, Goteborg, Sweden) supplemented with 10% re-
combinant human serum albumin (Vitrolife) or fertilization medium
(Sage, Trumbull, CT, USA) supplemented with 5% human serum al-
bumin (Sage) and covered with paraffin oil (Sage). Cumulus cells
were removed after a short exposure to Hyase (Vitrolife), which con-
tained hyaluronidase (80 IU/mL). The remaining cumulus cells were
mechanically removed by gentle pipetting with a hand-drawn pi-
pette.

The maturation status of each oocyte was evaluated using an in-
verted microscope (Nikon, Tokyo, Japan) and recorded. Mature MIl-
stage oocytes were separated from immature MI- and GV-stage oo-
cytes and maintained independently. The maturation status of the
immature oocytes was assessed again just before ICSI (4 hours after
oocyte retrieval) on an inverted microscope. Immature oocytes were
maintained in GT medium (Vitrolife) supplemented with 5% recom-
binant human serum albumin or cleavage medium (Sage) supple-
mented with 10% serum protein substitute (Sage), and covered with
paraffin oil. Oocytes were cultured overnight at 37°C in a humidified
atmosphere with 6% CO.. The maturation status of the immature oo-
cytes that did not mature on the day of oocyte retrieval was assessed
again on the day after oocyte retrieval, and ICSI was performed on
mature oocytes observed on that day if all or most of the oocytes
that had been injected with sperm on the day of oocyte retrieval had
not been fertilized.

4, Intracytoplasmic sperm injection

ICSI was performed on the heated stage of an inverted microscope
in a microinjection dish (Thermo Scientific, New York, NY, USA), pre-
pared with droplets of Gamete medium (Vitrolife) and covered with
paraffin oil. Approximately 16 hours after ICSI, fertilization was con-
firmed by the presence of two pronuclei and the extrusion of the
second polar body. Embryos were maintained in a 50-uL drop of G1
medium (Vitrolife) or cleavage medium (Sage), supplemented with a
5% to 10% protein supplement, and covered with paraffin oil. Em-
bryos were incubated in a humidified atmosphere with 6% CO; at
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37°C. Replacement of the embryos was carried out between the sec-
ond day and the fourth day. Embryo quality was assessed on the
morning of the day of embryo replacement. Embryos with even or
slightly uneven blastomeres and <10% cytoplasmic fragmentation
were classified as good embryos. Good embryos were also required
to be >4-cells, > 7-cells, and having reached at least the compaction
stage on day 2, day 3, and day 4 replacement, respectively. In groups
IV and V, embryos originating from mature oocytes were transferred
when in vitro-matured oocytes had not been fertilized. Contrastingly,
embryos derived from immature oocytes were transferred when ma-
ture oocytes had not been fertilized. In some cases, embryos origi-
nating from both mature and immature oocytes were transferred si-
multaneously. Clinical pregnancy was ascertained by confirming the
fetal heartbeat using ultrasonography at 6 or 7 weeks of gestation.
Miscarriage was defined as a clinical pregnancy that showed no fetal
heartbeat, or the loss of the fetal heartbeat, before 12 weeks of ges-
tation.

5. Statistical analysis

Results were expressed as mean +standard deviation. Statistical
analysis was performed using SPSS ver. 12.0 (SPSS Inc,, Chicago, IL,
USA). One-way analysis of variance, the Kruskal-Wallis rank test, or
Fisher's exact test was performed to analyze the whether the differ-
ences between groups were significant. The p-values less than 0.05
were considered to indicate a statistically significant difference.

Results

1. Retrieved oocytes and maturation rates in the study groups
The average age of the female partner (p=0.904) and basal follicle-
stimulating hormone levels (p=0.165) were not significantly differ-
entamong the study groups (Table 1). Infertility factors were not sig-
nificantly different (p=0.374), using the classification of infertility as
female-factor, male-factor, combined-factor, and unexplained-factor
infertility. However, the numbers of retrieved oocytes were signifi-
cantly different among the study groups (p < 0.001). On average, sig-
nificantly more oocytes were retrieved from groups IV (2.6 £0.5) and
V (2.5+0.5) than from groups | (1.9+0.8), Il (1.3+0.6), and llI
(1.3+0.6). Moreover, on average, significantly more oocytes were re-
trieved from group | than from groups Il and IIl. At the time of cumu-
lus cell removal, the numbers of mature oocytes were significantly
different between the groups (p <0.001). The average maturation
rate of the oocytes retrieved from group | (1.7 +0.7, 91.4% + 18.2%)
was significantly higher than the maturation rates of the oocytes re-
trieved from groups Il (0, 0%), Il (0, 0%), IV (1.3 £0.5, 52.2% + 13.2%),
and V (1.2£0.4, 49.6% + 11.3%). The numbers of injected oocytes
were also significantly different among the study groups (p <0.001).
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The average numbers of injected oocytes in groups IV (2.4+0.5) and
V (2.3£0.5) were significantly higher than those in groups |
(1.7£0.7),11(1.1£0.4), and Il (1.2 £ 0.4). Moreover, the average num-
ber of injected oocytes in group | was significantly higher than in
groups Il and lll. However, the maturation rates of each group were
not significantly different at the time of ICSI (p=0.07) (Table 1).

2. Fertilization rates and numbers of transferred embryos

The fertilization rate was calculated by dividing the number of 0o-
cytes with two pronuclei and a second polar body by the total num-
ber of injected oocytes. The fertilization rate of group Il (49.0%
+49.1%) was significantly lower than the rates of the other groups
(p<0.001), whereas the fertilization rates of groups I, lll, IV, and V
were not significantly different (Table 2). Moreover, the numbers of
transferred embryos were significantly smaller in groups Il (1.1£0.4)
and Il (1.1£0.6) than in groups | (1.5+0.7), IV (1.6 £0.8), and V (1.5
+0.7) (p<0.001) (Table 2).

The rates of cycle cancellation were significantly higher in groups I
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and 1l (60.7% and 52.4%, respectively) than in groups |, IV, and V
(23.5%, 28.6%, and 26.4%, respectively; p <0.001) (Table 3). In some
cases, embryos were frozen because the total number of embryos
was small. However, the rate of cycle cancellation due to cryopreser-
vation did not differ among the study groups. The rate of cycle can-
cellation due to fertilization failure (62.7%) was significantly higher in
group Il than in all other groups (p < 0.05) (Table 3). The rate of cycle
cancellation due to developmental arrest of the embryo was signifi-
cantly higher (18.5%) in group lll than in the other groups (p < 0.01).

3. Pregnancy outcomes

On average, 1.5+ 0.7 embryos were transferred in each of the 2,211
cycles ultimately analyzed in this study. A total of 359 clinical preg-
nancies were established (16.2%). These clinical pregnancies resulted
in 96 miscarriages, five ectopic pregnancies, 10 second trimester
losses, and 217 deliveries. Six pregnancies were ongoing at the time
of the data analysis, and 25 pregnancies were lost to follow up. Of the
217 deliveries, 20 were twin pregnancies and 197 were singleton

Table 1. Numbers of retrieved oocytes and their maturation rates by group

Average Basal FSH Average no.of ~ Averageno.of Maturationrate  Average no. Maturation
No. of cycles female age (miU/mL) retrieved mature oocytes at denudation of injected rate at ICSI
(yr) oocytes at denudation (%) oocytes (%)
Group | 2,558 385+45 13.3£7.1 1.9+£0.8%* 1.7£0.7%%* 914+182*%*  1.7+£0.7* 914+18.2
Group I 84 38.2+42 13.7+9.1 1.3+0.6* 0% 0* 1.1+£04* 91.7+19.1
Group Il 103 385+45 143+84 1.3+0.6* 0* 0* 1.2+£04* 92.1+18.8
Group IV 119 38.8+43 125+6.3 2.6+0.5%* 1.3+£0.5% 5224132% 24404 943+14.0
GroupV 120 383+45 13.0£75 2.5+0.5%** 1.2+04%* 496£11.3*  23+£0.5%* 95.6+11.4"
Total 2,984 384+45 13.3+7.2 1.9+08 1.6+0.7 86.6+254 1.7+0.7 91.7+£179
p-value - 0.904 0.165 <0.001 <0.001 <0.001 <0.001 0.070

Values are presented as number or mean + standard deviation.
FSH, follicle-stimulating hormone; ICSI, intracytoplasmic sperm injection.

?Rate of mature oocytes on the day after oocyte retrieval divided by the number of total retrieved oocytes; "Rate the number of mature oocytes on the day of
oocyte retrieval and the day after oocyte retrieval divided by the total number of retrieved oocytes; Superscript letters (¥, **, ***) within the same column des-

ignate significant differences.

Table 2. Fertilization rates, numbers of transferred embryos, and clinical pregnancy rates by group

oz e Fertilization rate No. of embryo MO LSS No. of clinical

No. of cycles hé‘gﬁl?;gtﬂisnf)t after ICSI?) replacement cycles Of;ﬁr;f;;;ed pregnancies
Group | 2,558 76.1£37.3* 76.1£37.3% %% 1 956 (76.5)%* 1.5+£0.7% 333(17.0**
Group I 84 - 49.0+49.1%* 33(39.3)* 114047 3 (9.1)***
Group lll 103 - 66.7 £48.7% 49 (47.6)* 1.1£0.6% 1(2.0)*
Group IV 119 70.2+42.8* 58.0+35.4%** 85 (71.4)** 1.6+£0.8** 14 (16.5)*****
GroupV 120 43.8+47.9%* 54.9+34.5%** 88 (73.6)** 1.5+£0.7%* 8(9.0*
Total 2,984 73.5+385 2,211 (74.1) 14+0.7 359(16.2)
p-value - <0.001 <0.001 <0.001 <0.001 <0.001

Values are presented as number (%) or mean + standard deviation.
MII, mature metaphase II; ICSI, intracytoplasmic sperm injection.

¥The fertilization rate of oocytes that were mature when cumulus cells were removed; ®The fertilization rate of all injected oocytes (oocytes that matured on
the day of oocyte retrieval or the day after oocyte retrieval); Superscript letters (* ** **¥) within the same column designate significant differences.
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pregnancies. Of the babies, 118 were female, and 115 were male,
and the sex of the remaining four babies could not be ascertained.
The clinical pregnancy rates were significantly different among the
study groups (p < 0.001). The clinical pregnancy rate was significantly
higher in group | than in all other groups, and the clinical pregnancy
rate was significantly lower in group Ill than in other groups (Table 2).
Clinical pregnancy rates were also reanalyzed according to the origin
of the transferred embryos, since only embryos originating from ma-
ture or immature oocytes were transferred for some patients in
groups IV and V, whereas both types of embryos were transferred si-
multaneously in other patients. The average age of the female part-

Table 3. Causes of cycle cancellation by group

Clin Exp Reprod Med 2015;42(3):118-125

ner was still not significantly different between the groups (p=0.214)
when the groups were reclassified according to the origin of the
transferred embryos (Table 4). However, the average numbers of
transferred embryos were significantly different between the groups
(p<0.001). For instance, the average numbers of transferred embry-
os in groups IV (2.3+0.5) and V (2.1£0.4) were significantly higher
than those in groups | (1.5+0.7), Il (1.1+0.4), and Ill (1.2 +0.4). Simi-
larly, the quality of the embryos was significantly different between
the groups (p < 0.001). The embryo quality in groups | and IV (rates of
good embryos in transferred embryos, 25.0% +£39.4% and
21.4% +23.1%, respectively) was significantly better (p <0.001) than

Cycle Fertilization " Abnormal  Developmental Degeneration  Poor quality of
Rolgficycles cancellation failure sz van fertilization arrest after ICSI embryos
Group | 2,558 602 (23.5)* 283 (47.0)* 191 (31.7 55(9.1) 32(5.3)* 36 (6.0) 5(0.8)
Group Il 84 51(60.7)** 32(62.7)** 9(17.6 6(11.8) 2(3.9* 2(3.9) 0
Group Il 103 54 (52.4)** (33.3)* 13(24.0 8(14.8) 10(18.5)** 4(74) 1(1.9)
Group IV 119 34 (28.6)* 8(52.9)* 14(41.2 1(29) 0* 1(2.9) 0
GroupV 120 32(26.7)* 4(43.8)* 8(25.0 5(15.7) 3 (9.4)* ** 2(6.3) 0
Total 2,984 773(25.9) 365 (47.2) 235(304 75(9.7) 47(6.1) 45(5.8) 6(0.78)
p-value - <0.001 <0.05 0.089 0.274 <0.002 0.888 -
Values are presented as number (%).
Superscript letters (* **) within the same column designate significant differences.
Table 4. Clinical pregnancy rates by group according to the origin of transferred embryos
Cycles Average female age (yr) equr?:)?)gs%ﬁ(:gr?:lerlrtgd AR, e i
of transferred embryos clinical pregnancies
embryos
Group | 2,012 384+45 25.0+39.4%* 1.5+0.7%* 340 (16.9)**
Group Il 39 37.1+42 51+£223*% 1.1+04* 4(10.3)**
Group lll 81 38.9+47 43+19.7% 1.2+04* 1(1.2)*
Group IV 35 374+42 21.4+£23.71%* 2.3+£0.5%%* 8(22.9)**
GroupV 44 38.0+4.1 8.3+18.2% 2.1£04%% 6(13.6)**
Total 2,211 383+45 23.5+384 15+0.7 359(16.2)
p-value - 0.214 <0.001 <0.001 <0.005
Values are presented as number (%) or mean + standard deviation.
Superscript letters (* ** **¥) within the same column designate significant differences.
Table 5. Delivery outcomes by group
No. of clinical s Ectopic Second . Ongoing Lost to
No. of ET cycles pregnancies WIEZIESR pregnancies  trimester loss U R pregnancies follow-up
Group | 2,012 340 89(26.2) 5(1.5) 9(2.6) 207 (67.7) 6(1.8) 24(7.1)
Group Il 39 4 2(50.0) 0 0 1(25.0) 0 1(25.0)
Group lll 81 1 0 0 0 1(100) 0 0
Group IV 35 8 1(12.5) 0 1(12.5) 6(75.0 0 0
GroupV 44 6 4(66.7) 0 0 2(33.3 0 0
Total 2,211 359 96 (26.7) 5(1.4) 10(2.8) 217 (604 6(1.7) 25(7.0)

Values are presented as number (%).
ET, embryo transfer.

122

http://dx.doi.org/10.5653/cerm.2015.42.3.118



DSKoetal. Pregnancy potential ofimmature oocytes

in groups I, lll, and V (5.1% + 22.3%, 4.3%+ 19.7%, and 8.3% + 18.2%,
respectively). However, the average clinical pregnancy rate was sig-
nificantly lower in group Il than in other groups (p < 0.005). In group |,
340 clinical pregnancies were established. Of these pregnancies, 96
aborted spontaneously within the first trimester, nine were lost with-
in the second trimester, and 217 pregnancies resulted in the delivery
of 227 babies. Of the remaining pregnancies, six were ongoing at the
time of the study, five were ectopic, and 24 were lost to follow up. Of
the 227 babies who were delivered, 116 were female, 107 were male,
and the sex of the remaining four were not ascertained. In group I,
one female baby was delivered, two pregnancies were aborted spon-
taneously within the first trimester, and one pregnancy was lost to
follow up. One male baby was delivered in group lll, whereas six male
babies were delivered in group IV. In group IV, one pregnancy was
aborted spontaneously within the first trimester and one was lost
within the second trimester. One male and one female baby were
delivered in group V, whereas four pregnancies aborted spontane-
ously within the first trimester (Table 5).

Discussion

In this study, we analyzed the fertilization rates of immature oo-
cytes retrieved in ICSI cycles. The analysis of groups Il and lll provided
information about the fertilization rates and pregnancy potential of
immature oocytes that spontaneously underwent IVM, without con-
founding by the concurrent transfer of embryos originating from im-
mature oocytes along with embryos originating from mature oo-
cytes. The analysis of groups IV and V shed light on whether perform-
ing ICSI on in vitro-matured oocytes, thereby increasing the number
of injectable oocytes, could improve pregnancy outcomes, because
in groups IV and V, embryos originating from immature oocytes were
transferred along with embryos originating from mature oocytes.

The fertilization rate decreased when all (groups Il and Ill) or some
(groups IV and V) of the retrieved oocytes were immature. The fertil-
ization rate also decreased when ICSI was performed on some of the
immature oocytes after spontaneous IVM on the day of oocyte re-
trieval (groups Il and V), or on the day after oocyte retrieval (groups
Il and V), compared with when ICSI was performed only on mature
oocytes on the day of oocyte retrieval (group I). Several studies have
reported decreased fertilization rates when ICSI was performed on
immature oocytes after spontaneous maturation [5,14,17,20,21]. The
cytoplasmic immaturity of in vitro-matured oocytes has been sug-
gested as one possible explanation for this decreased fertilization
rate [22-24]. Immature oocytes undergo nuclear maturation shortly
after oocyte retrieval in current culture systems, although immature
oocytes are not cultured in IVM medium. However, current culture
systems seem to be insufficient for producing developmentally com-
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petent oocytes [6,23,24]. In this study, VM medium was not used.
Therefore, the cytoplasmic maturation of in vitro-matured oocytes in
this study may have been inferior to that of in vitro-matured oocytes
that were cultured in IVM medium in other studies. Another possible
cause for the decreased fertilization rate could have been that one or
more components necessary for cytoplasmic maturation were defi-
cient in the in vitro-matured oocytes. Several metaphase deficiencies
were observed in the in vitro-matured oocytes; it has been shown
that these deficiencies indicate that the oocytes failed to mature in
vivo under standard ovarian stimulation conditions [11].

The numbers of injectable oocytes and transferrable embryos de-
creased significantly when all of the retrieved oocytes were imma-
ture (groups Il and IIl). Moreover, the rates of cycle cancellation be-
cause embryos could not be transferred were significantly higher in
groups Il and lll, and the pregnancy rates were lower. The numbers of
injectable oocytes were significantly increased when some of the re-
trieved oocytes were immature and ICSI was performed on some of
these immature oocytes after their spontaneous IVM (groups IV and
V). Moreover, the number of transferrable embryos was increased by
performing ICSI on both in vitro-matured and in vivo-matured oo-
cytes, yielding more embryos than were obtained when only in vivo
matured-oocytes were used (group ). The rates of cycle cancellation
of groups IV and V were also similar to that of group I. However, the
pregnancy rates were not improved, even though the numbers of in-
jectable oocytes and transferrable embryos were higher in groups IV
and V. The pregnancy rates were also reanalyzed according to the ori-
gins of the transferred embryos. In groups IV and V, only embryos
originating from mature oocytes were transferred when immature
oocytes were unfertilized, whereas only embryos originating from
immature oocytes were transferred when mature oocytes were un-
fertilized. When the data were reanalyzed according to the origin of
the transferred embryos, the numbers of transferred embryos were
higher in cycles in which embryos originating from both immature
and mature oocytes were transferred. Moreover, the clinical preg-
nancy rates of cycles in which only embryos originating from imma-
ture oocytes were transferred (groups Il and Ill) were lower than
those in cycles in which only embryos originating from mature oo-
cytes were transferred (group I). However, the clinical pregnancy
rates of cycles in which embryos originating from both immature
and mature oocytes were transferred (groups IV and V) were compa-
rable to those of cycles in which only embryos originating from ma-
ture oocytes were transferred (group I). These results indicate that in
groups IV and V, most pregnancies were achieved from embryos
originating from mature oocytes, not from embryos originating from
immature oocytes. Moreover, the pregnancy rates of groups Ill and V
were lower than those of the other groups; these low pregnancy
rates were likely a consequence of the poor quality of the embryos
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that were transferred in these groups. In group lll, ICSI was performed
on in vitro-matured oocytes since only immature oocytes were re-
trieved. However, in group V, ICSI was performed on in vitro-matured
oocytes to avoid cycle cancellation due to the fertilization failure of
mature oocytes, or to increase the number of transferrable embryos
even if the retrieved mature oocytes were fertilized. The fertilization
rate of mature oocytes in group IV (70.2% +42.8%) was comparable
to that of group | (76.1% % 37.3%), but the fertilization rate of mature
oocytes in group V was significantly lower than that of group |
(43.8%£47.9%, p <0.001). Since the mature oocytes exhibited a low
fertilization rate, and the transferred embryos were generally of poor
quality, the cytoplasmic maturation of the mature oocytes in group V
appeared to be inadequate. Since oocyte maturation occurs relative-
ly quickly in vitro [11,20], and the cumulus cells were removed a few
hours after oocyte retrieval, some of the mature oocytes might have
been immature at the time of oocyte retrieval and therefore may
have undergone nuclear maturation between oocyte retrieval and
the removal of cumulus cells. Several studies have investigated why
embryos originating from 1-day-old oocytes result in low pregnancy
rates. Asynchrony between embryo development and the endome-
trium [25], as well as embryonic chromosomal abnormalities [26],
have been suggested to be possible causes for the low pregnancy
rates obtained with embryos derived from 1-day-old oocytes. More-
over, the pregnancy rates obtained from embryos originating from
1-day-old oocytes have been shown to vary according to the particu-
lar fertility clinic [25,27,28]. Therefore, more research is clearly needed
to increase the pregnancy rate from embryos originating from 1-day-
old oocytes. Studies on optimal culture conditions could prove par-
ticularly insightful in this regard.

In conclusion, this study found that immature oocytes can be fertil-
ized using ICSI after IVM. However, the fertilization rate of these im-
mature oocytes and the quality of the embryos originating from
these immature oocytes were significantly lower than the corre-
sponding parameters in embryos that originated from mature oo-
cytes. Moreover, pregnancy rates were not improved, even though
the numbers of injectable oocytes and transferrable embryos can be
increased by performing ICSI on immature oocytes after their IVM.
Moderate pregnancy rates could be achieved by replacing only em-
bryos derived from mature oocytes. Therefore, performing ICSI on
immature oocytes after their IVM is likely unnecessary if mature oo-
cytes are retrieved and if embryo replacement is possible using em-
bryos derived from these mature oocytes. Thus, the clinical use of im-
mature oocytes should only be deliberately considered when only
immature oocytes are retrieved. The replacement of embryos derived
from immature oocytes could be carried out in the same way as for
embryos derived from mature oocytes if the retrieved immature oo-
cytes then mature on the day of oocyte retrieval; however, we found
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that the pregnancy rate in this scenario was still lower than that of
embryos derived from mature oocytes. If a fertility clinic intends to
use immature oocytes clinically, the timing of ICSI should be deter-
mined with care, since extended culture periods after polar body ex-
trusion might lead to aging of the oocytes. The optimal time for ICSI
can be determined without frequent microscopic observation if re-
cently developed technology, such as a time-lapse system, is used.
The cryopreservation of embryos derived from immature oocytes
might be desirable in cases where the retrieved immature oocytes
mature on the day after oocyte retrieval and ICSI are performed, be-
cause asynchrony between embryo development and the endome-
trium are thought to reduce the chance of successful pregnancy. If
the range of problems mentioned above, such as the timing of ICSI
and asynchrony between embryo development and the endometri-
um, are solved, IVM of immature oocytes may be a valuable method
in patients from whom a low number of oocytes are retrieved or
when only immature oocytes are retrieved unexpectedly.

In order to ensure successful pregnancies, ovarian stimulation
should first be performed, so that a large number of mature oocytes
are retrieved. Ovarian stimulation is particularly important for pa-
tients from whom only a small number of oocytes are expected to be
retrieved, such as patients with old age, poor response, premature
ovarian failure, and similar conditions; moreover, stimulation should
be performed extremely carefully in such cases.
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