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Pregnancies and deliveries after transfer of human
blastocysts derived from in vitro matured oocytes in
in vitro maturation cycles

A total of 82 patients underwent 106 cycles in which immature oocytes were recovered after hCG priming and
transfered at blastocyst-stage. After transfer, the implantation rate was 26.8%, and the clinical pregnancy rate
was 51.9%. We found that the oocytes retrieved after hCG priming in women with high risk of ovarian
hyperstimulation syndrome in the in vitro maturation program can develop to blastocyst, and pregnancies can
be established by transfer of the blastocysts. (Fertil Steril� 2007;xx:xxx. ©2007 by American Society for

Reproductive Medicine.)
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n vitro maturation (IVM) is an attractive option to elimi-
ate several problems of controlled ovarian hyperstimula-
ion (COH) used for conventional in vitro fertilization
IVF). Recent studies have shown improved pregnancy
ates per embryo transfer in small numbers of cycles (1–3).
n addition, several IVF centers have reported that accept-
ble rates of oocyte maturation and pregnancies were
chieved in patients with polycystic ovary syndrome
PCOS) by hCG priming (3). However, they reported that
he pregnancies were achieved by transfer of day 2 or day

embryos and that the implantation rate was less than
5%. Therefore, more embryos in an IVM program had to
e transfered to obtain acceptable pregnancy rates than in
OH cycles.

Only some cases of blastocyst ET and pregnancy derived
rom immature oocytes collected from unstimulated ova-
ies have been reported (4–7). Therefore, it is questionable
hether the transfer of blastocyst-stage embryos is benefi-

ial in an IVM program as much as in a COH program. We
eport the outcome experience with oocytes retrieved after
CG priming in women with high risk of ovarian hyper-
timulation syndrome (OHSS) in the IVM program and
llowing the embryos to develop to blastocysts.

Approval for the IVM program was obtained from the
nstitutional Review Board of the Maria Infertility Hospi-
al. A total of 82 patients (mean age 32.2 � 3.7 years)
nderwent 106 cycles in which immature oocytes were
ecovered. Patients with PCOS or PCO-like ovaries were
ecruited. The oocytes were collected between cycle days 9
nd 18 based on the patient’s cycle length and endometrial
hickness. The patients were given 10,000 IU hCG (IVF-C;
G Chemical, Seoul, Korea) 36 hours before oocyte re-

rieval. Oocyte recovery was performed according to the
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rotocol described previously (5–7). After collection, oo-
yte maturity was evaluated using a sliding method, and
mmature oocytes were cultured in maturation medium,
onsisting of YS medium with 30% human follicular fluid
hFF) supplemented with 1 IU/mL FSH, 10 IU/mL hCG,
nd 10 ng/mL recombinant human epiermal growth factor
rhEGF; Daewoong Pharmaceutical Co., Seoul, Korea) (5–
). The hFF was prepared using the method reported by Chi
t al. (8). The oocytes were cultured in IVM medium at
7°C in 5% CO2, 5% O2, and 90% N2. Intracytoplasmic
perm injection was used to fertilize the mature oocytes.
he zygotes were cocultured with cumulus cells in 10�L
S medium supplemented with 10% hFF (9). Cumulus

ells for coculture were prepared as described previously
9). Embryos were transfered at blastocyst stage on day 6
fter oocyte retrieval (day 0). Blastocyst transfers were
erformed in patients who had more than 7 zygotes and 3
r more good-quality embryos on day 3 after oocyte col-
ection. The remaining patients were allotted to day 4
ransfers owing to the possibility of their not producing
lastocyst-stage embryos in vitro. One to three blastocysts
ere transfered depending on quality.

For the preparation of the endometrium, 6 mg E2 valer-
te (Progynova; Schering, Berlin, Germany) was adminis-
ered daily from the day after oocyte retrieval. Progest, 100
g, was administered daily starting on day of oocyte

etrieval if MII was retrieved or starting 1 day after oocyte
etrieval if there was no mature egg on day of retrieval.
oth medications were continued until either a negative
regnancy urine test or a positive fetal heartbeat was ob-
erved.

Table 1 shows the clinical results of the human blasto-
yst transfer after culture to blastocysts from 2PN derived
rom IVM cycles. Out of 106 cycles, 79 cycles collected

II-stage eggs on the day of oocyte collection. A total of
,563 oocytes were retrieved, and 2,004 oocytes (78.2%)
ecame mature (15.4% on day of oocyte retrieval, 48.3%

n day 1, 13.0% on day 2, and 1.4% on day 3 after culture).

1Fertility and Sterility� Vol. xx, No. x, Month 2007
iety for Reproductive Medicine, Published by Elsevier Inc.
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ut of these, 1,614 were normally fertilized (80.5 %) and
71 (41.6 %) were developed to blastocysts. After transfer,
he implantation rate was 26.8% (84 out of 313) and the
regnancy rate was 51.9% (55 our of 106).

The clinical pregnancy was the same between cycles
ith MII oocytes on the day of egg collection (51.9%, 41
ut of 79) and cycles without MII (14 out of 27). The
mbryos in one cycle failed to develop to blastocyst stage
ven by day 7, resulting in the morulae stage of embryo
ransfer. Twenty-four male and 33 female infants (14 sets
f twins and 29 singletons) from 43 patients were born, and
2 cycles had spontaneous abortion at 6–25 weeks of
estation. There was no triplet pregnancy. Birth weights of
he infants were within the range of 1,540–4,200 g, and all
elivered infants had a normal physical profile. Out of 521
VM cycles, 415 cycles were transfered at cleavage stage
uring this period, and the clinical pregnancy and implan-
ation rates were 28.4% (118 out of 415) and 9.7% (173 out
f 1785), respectively (Table 2). The triplet rate was 9.3%
11 out of 118), because the mean number of embryos
ransfered was 4.3.

There are only some reports that blastocyst ET and
regnancies derived from immature oocytes collected from
nstimulated ovaries are possible (4–7). There is no doubt
hat blastocyst transfer is a way to obtain a high implanta-
ion rate while eliminating triplets. However, the main

TABLE 1
Clinical results for patients receiving
blastocysts developed after IVM.

Variable Value

No. of patients
(age � SD)

82 (32.2 � 3.7)

No. of cycles 106
No. of oocytes

(mean � SD)
2,563 (24.4 � 9.9)

No. of oocytes
matured (%)

2,004 (78.2)

No. of oocytes
fertilized (%)

1,614 (80.5)

No. of embryos
developed to
blastocyst (%)

671 (41.6)

No. of blastocyst
transferred
(mean � SD)

313 (2.95 � 0.2)

No. of implantation (%) 84 (26.8)
No. of clinical

pregnancies (%)
55 (51.9)

Son. Pregnancies after blastocyst transfer in IVM cycles. Fertil Steril 2007.
roblem of blastocyst-stage embryo transfer is the possi-

Son et al. Correspondence
ility of failure to produce blastocyst-stage embryos. The
urrent culture systems may be good for culture to blasto-
ysts from embryos generated from COH cycles, but they
ay still be suboptimal for supporting later development of

he embryos generated in IVM cycles, even though new
ulture systems and media are currently being developed.
arnes et al. (4) were the first to report successful devel-
pment to the blastocyst stage in sequential culture medium
esigned specifically to optimize blastocyst development.
pregnancy resulted from the transfer on day 6 of a single

lastocyst after assisted hatching. However, only one of six
mbryos produced in that case report was competent to
evelop to the blastocyst stage. Hwu et al. (10) reported
hat embryos derived from IVM oocytes when cultured in
uman tubal fluid alone arrest at the cleavage stage. How-
ver, 30% of 2PN embryos developed to blastocyst when
mbryos were cocultured with human ampullary cells.
obo et al. (11) similarly demonstrated 48.6% blastocyst
evelopment of embryos derived from IVM oocytes when
mbryos were cocultured with endometrial epithelial cells.
hese reports imply that the coculture is the best option for
ow to obtain blastocysts in an IVM program. Therefore,
e applied the cumulus cells coculture system to produce
lastocysts from oocytes retrieved from IVM cycles, and
e obtained 41.6% blastocyst formation and a high im-
lantation rate (26.8%) after ET. This indicates that the
resent IVM/in vitro culture system may be acceptable,
ven though the patients who had transfered blastocysts
ere included in this study.

To reduce the possibility of a triplet pregnancy and the
ailure of blastocyst development, we encouraged IVM

TABLE 2
Clinical results for patients receiving
cleavage embryos after IVM.

Variable Value

No. of patients
(age � SD)

311 (33.1 � 4.1)

No. of cycles 415
No. of oocytes

(mean � SD)
5,865 (14.1 � 5.8)

No. of oocytes
matured (%)

4,340 (74.0)

No. of oocytes
fertilized (%)

3,476 (80.1)

No. of embryos
transfered
(mean � SD)

1,785 (4.3 � 1.3)

No. of implantation (%) 173 (9.7)
No. of clinical

pregnancies (%)
118 (28.4)
Son. Pregnancies after blastocyst transfer in IVM cycles. Fertil Steril 2007.
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atients with more than seven zygotes and three or more
ood-quality embryos on day 3 to undergo blastocyst trans-
er and the remainder to undergo cleavage embryo transfer.
nly 1 cycle out of 106 cycles failed to develop to blas-

ocyst stage, but there was no triplet pregnancy after em-
ryo transfer at blastocyst stage. Therefore, we propose that
etermination of the stage at which embryos should be
ransfered based on the number and quality of embryos on
ay 3 may help to obtain an acceptable pregnancy rate
hile minimizing failed blastocyst development and triplet
ultiple gestations.

We have reported that the oocytes matured in vivo in
CG-primed IVM cycles have better embryonic develop-
ental competence, and in vitro matured oocytes in these

ycles having matured oocytes on retrieval day could also
mplant in the same cycle (7). In the present study, the four
ut of seven patients who had transfered embryos derived
rom only IVM oocytes because in vivo matured oocytes
ere not fertilized had pregnancy. These results imply that

he immature oocytes retrieved from cohort follicles have
iability, even those mature oocytes collected from folli-
les with a diameter of �14 mm. Therefore, we think that
he developmental competence of immature oocytes is not
ompromised by the presence of MII-stage oocytes at the
ime of egg retrieval. However, further studies are neces-
ary to see when hCG priming may be critical, allowing as
any follicles as possible to reach sufficient size to obtain
II-stage oocytes on the day of collection while avoiding
prolonged negative effect on the developing dominant

ollicles.

In conclusion, the present study suggests that transfer of
uman blastocysts in an IVM program is a clinically useful
ethod to select the more viable embryos without risk of

riplet gestations. This approach potentiality opens a new
imension in the management of patients who had many
ood quality embryos generated from IVM cycles, and the
atients should be offered blastocyst culture to give them
he best chance of a successful implantation. To our knowl-
dge, this is the largest number of pregnancies achieved by
ransfer of blastocysts derived from IVM cycles. Subse-
uent studies on clinical and laboratory procedures should

e undertaken for further optimizing IVM programs.
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