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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威 2007;xx:xxx. ©2007 by American Society for
Reproductive Medicine.)

In vitro maturation (IVM) is an attractive option to eliminate several problems of controlled ovarian hyperstimulation (COH) used for conventional in vitro fertilization
(IVF). Recent studies have shown improved pregnancy
rates per embryo transfer in small numbers of cycles (1–3).
In addition, several IVF centers have reported that acceptable rates of oocyte maturation and pregnancies were
achieved in patients with polycystic ovary syndrome
(PCOS) by hCG priming (3). However, they reported that
the pregnancies were achieved by transfer of day 2 or day
3 embryos and that the implantation rate was less than
15%. Therefore, more embryos in an IVM program had to
be transfered to obtain acceptable pregnancy rates than in
COH cycles.
Only some cases of blastocyst ET and pregnancy derived
from immature oocytes collected from unstimulated ovaries have been reported (4 –7). Therefore, it is questionable
whether the transfer of blastocyst-stage embryos is beneficial in an IVM program as much as in a COH program. We
report the outcome experience with oocytes retrieved after
hCG priming in women with high risk of ovarian hyperstimulation syndrome (OHSS) in the IVM program and
allowing the embryos to develop to blastocysts.
Approval for the IVM program was obtained from the
Institutional Review Board of the Maria Infertility Hospital. A total of 82 patients (mean age 32.2 ⫾ 3.7 years)
underwent 106 cycles in which immature oocytes were
recovered. Patients with PCOS or PCO-like ovaries were
recruited. The oocytes were collected between cycle days 9
and 18 based on the patient’s cycle length and endometrial
thickness. The patients were given 10,000 IU hCG (IVF-C;
LG Chemical, Seoul, Korea) 36 hours before oocyte retrieval. Oocyte recovery was performed according to the
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protocol described previously (5–7). After collection, oocyte maturity was evaluated using a sliding method, and
immature oocytes were cultured in maturation medium,
consisting of YS medium with 30% human follicular fluid
(hFF) supplemented with 1 IU/mL FSH, 10 IU/mL hCG,
and 10 ng/mL recombinant human epiermal growth factor
(rhEGF; Daewoong Pharmaceutical Co., Seoul, Korea) (5–
7). The hFF was prepared using the method reported by Chi
et al. (8). The oocytes were cultured in IVM medium at
37°C in 5% CO2, 5% O2, and 90% N2. Intracytoplasmic
sperm injection was used to fertilize the mature oocytes.
The zygotes were cocultured with cumulus cells in 10L
YS medium supplemented with 10% hFF (9). Cumulus
cells for coculture were prepared as described previously
(9). Embryos were transfered at blastocyst stage on day 6
after oocyte retrieval (day 0). Blastocyst transfers were
performed in patients who had more than 7 zygotes and 3
or more good-quality embryos on day 3 after oocyte collection. The remaining patients were allotted to day 4
transfers owing to the possibility of their not producing
blastocyst-stage embryos in vitro. One to three blastocysts
were transfered depending on quality.
For the preparation of the endometrium, 6 mg E2 valerate (Progynova; Schering, Berlin, Germany) was administered daily from the day after oocyte retrieval. Progest, 100
mg, was administered daily starting on day of oocyte
retrieval if MII was retrieved or starting 1 day after oocyte
retrieval if there was no mature egg on day of retrieval.
Both medications were continued until either a negative
pregnancy urine test or a positive fetal heartbeat was observed.
Table 1 shows the clinical results of the human blastocyst transfer after culture to blastocysts from 2PN derived
from IVM cycles. Out of 106 cycles, 79 cycles collected
MII-stage eggs on the day of oocyte collection. A total of
2,563 oocytes were retrieved, and 2,004 oocytes (78.2%)
became mature (15.4% on day of oocyte retrieval, 48.3%
on day 1, 13.0% on day 2, and 1.4% on day 3 after culture).
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TABLE 1
Clinical results for patients receiving
blastocysts developed after IVM.
Variable

Value

No. of patients
(age ⫾ SD)
No. of cycles
No. of oocytes
(mean ⫾ SD)
No. of oocytes
matured (%)
No. of oocytes
fertilized (%)
No. of embryos
developed to
blastocyst (%)
No. of blastocyst
transferred
(mean ⫾ SD)
No. of implantation (%)
No. of clinical
pregnancies (%)

82 (32.2 ⫾ 3.7)
106
2,563 (24.4 ⫾ 9.9)
2,004 (78.2)
1,614 (80.5)
671 (41.6)
313 (2.95 ⫾ 0.2)

84 (26.8)
55 (51.9)
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Out of these, 1,614 were normally fertilized (80.5 %) and
671 (41.6 %) were developed to blastocysts. After transfer,
the implantation rate was 26.8% (84 out of 313) and the
pregnancy rate was 51.9% (55 our of 106).
The clinical pregnancy was the same between cycles
with MII oocytes on the day of egg collection (51.9%, 41
out of 79) and cycles without MII (14 out of 27). The
embryos in one cycle failed to develop to blastocyst stage
even by day 7, resulting in the morulae stage of embryo
transfer. Twenty-four male and 33 female infants (14 sets
of twins and 29 singletons) from 43 patients were born, and
12 cycles had spontaneous abortion at 6 –25 weeks of
gestation. There was no triplet pregnancy. Birth weights of
the infants were within the range of 1,540 – 4,200 g, and all
delivered infants had a normal physical profile. Out of 521
IVM cycles, 415 cycles were transfered at cleavage stage
during this period, and the clinical pregnancy and implantation rates were 28.4% (118 out of 415) and 9.7% (173 out
of 1785), respectively (Table 2). The triplet rate was 9.3%
(11 out of 118), because the mean number of embryos
transfered was 4.3.
There are only some reports that blastocyst ET and
pregnancies derived from immature oocytes collected from
unstimulated ovaries are possible (4 –7). There is no doubt
that blastocyst transfer is a way to obtain a high implantation rate while eliminating triplets. However, the main
problem of blastocyst-stage embryo transfer is the possi2
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bility of failure to produce blastocyst-stage embryos. The
current culture systems may be good for culture to blastocysts from embryos generated from COH cycles, but they
may still be suboptimal for supporting later development of
the embryos generated in IVM cycles, even though new
culture systems and media are currently being developed.
Barnes et al. (4) were the first to report successful development to the blastocyst stage in sequential culture medium
designed specifically to optimize blastocyst development.
A pregnancy resulted from the transfer on day 6 of a single
blastocyst after assisted hatching. However, only one of six
embryos produced in that case report was competent to
develop to the blastocyst stage. Hwu et al. (10) reported
that embryos derived from IVM oocytes when cultured in
human tubal fluid alone arrest at the cleavage stage. However, 30% of 2PN embryos developed to blastocyst when
embryos were cocultured with human ampullary cells.
Cobo et al. (11) similarly demonstrated 48.6% blastocyst
development of embryos derived from IVM oocytes when
embryos were cocultured with endometrial epithelial cells.
These reports imply that the coculture is the best option for
now to obtain blastocysts in an IVM program. Therefore,
we applied the cumulus cells coculture system to produce
blastocysts from oocytes retrieved from IVM cycles, and
we obtained 41.6% blastocyst formation and a high implantation rate (26.8%) after ET. This indicates that the
present IVM/in vitro culture system may be acceptable,
even though the patients who had transfered blastocysts
were included in this study.
To reduce the possibility of a triplet pregnancy and the
failure of blastocyst development, we encouraged IVM

TABLE 2
Clinical results for patients receiving
cleavage embryos after IVM.
Variable
No. of patients
(age ⫾ SD)
No. of cycles
No. of oocytes
(mean ⫾ SD)
No. of oocytes
matured (%)
No. of oocytes
fertilized (%)
No. of embryos
transfered
(mean ⫾ SD)
No. of implantation (%)
No. of clinical
pregnancies (%)

Value
311 (33.1 ⫾ 4.1)
415
5,865 (14.1 ⫾ 5.8)
4,340 (74.0)
3,476 (80.1)
1,785 (4.3 ⫾ 1.3)

173 (9.7)
118 (28.4)
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patients with more than seven zygotes and three or more
good-quality embryos on day 3 to undergo blastocyst transfer and the remainder to undergo cleavage embryo transfer.
Only 1 cycle out of 106 cycles failed to develop to blastocyst stage, but there was no triplet pregnancy after embryo transfer at blastocyst stage. Therefore, we propose that
determination of the stage at which embryos should be
transfered based on the number and quality of embryos on
day 3 may help to obtain an acceptable pregnancy rate
while minimizing failed blastocyst development and triplet
multiple gestations.
We have reported that the oocytes matured in vivo in
hCG-primed IVM cycles have better embryonic developmental competence, and in vitro matured oocytes in these
cycles having matured oocytes on retrieval day could also
implant in the same cycle (7). In the present study, the four
out of seven patients who had transfered embryos derived
from only IVM oocytes because in vivo matured oocytes
were not fertilized had pregnancy. These results imply that
the immature oocytes retrieved from cohort follicles have
viability, even those mature oocytes collected from follicles with a diameter of ⬃14 mm. Therefore, we think that
the developmental competence of immature oocytes is not
compromised by the presence of MII-stage oocytes at the
time of egg retrieval. However, further studies are necessary to see when hCG priming may be critical, allowing as
many follicles as possible to reach sufficient size to obtain
MII-stage oocytes on the day of collection while avoiding
a prolonged negative effect on the developing dominant
follicles.
In conclusion, the present study suggests that transfer of
human blastocysts in an IVM program is a clinically useful
method to select the more viable embryos without risk of
triplet gestations. This approach potentiality opens a new
dimension in the management of patients who had many
good quality embryos generated from IVM cycles, and the
patients should be offered blastocyst culture to give them
the best chance of a successful implantation. To our knowledge, this is the largest number of pregnancies achieved by
transfer of blastocysts derived from IVM cycles. Subsequent studies on clinical and laboratory procedures should
be undertaken for further optimizing IVM programs.
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