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Prospective randomized study of human chorionic
gonadotrophin priming before immature oocyte retrieval
from unstimulated women with polycystic ovarian
syndrome

R.C.Chian1, W.M.Buckett, T.Tulandi and S.L.Tan often present with anovulatory infertility, with a significant
proportion being resistant to induction of ovulation by clomi-
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phene citrate. Although ovulation can be induced successfullyGynecology, Royal Victoria Hospital, McGill University, Montreal,
in 75% of non-responders with human menopausal gonadotro-Quebec, Canada H3A 1A1
phin (HMG), gonadotrophin use requires intensive monitoring1To whom correspondence should be addressed
and involves a distinct risk of ovarian hyperstimulation syn-

The present study examined whether the rates of oocyte drome (OHSS) (Healy et al., 1980; Wang and Gemzell, 1980).
maturation, fertilization and development, as well as In addition, many patients ovulate but do not achieve pregnancy
pregnancy rate could be improved by human chorionic even after their anovulation has been corrected. For these
gonadotrophin (HCG) priming 36 h before immature oocyte women, in-vitro fertilization (IVF) is the standard treatment,
retrieval in patients with polycystic ovarian syndrome but there is a significantly higher risk of OHSS compared
(PCOS). Immature oocyte retrieval was performed on day with treatment in women with normal ovaries (MacDougall
10–14 of the cycles and patients were randomly allocated et al., 1993).
either to be primed with 10 000 IU of HCG before the Recovery of immature oocytes followed by in-vitro matura-
retrieval, or not primed. Immature oocytes were cultured tion (IVM) of these immature oocytes is a potentially useful
for 24–48 h in TC-199 medium with 20% (v/v) inactivated treatment for women with PCOS-related infertility since the
fetal bovine serum (FBS) supplemented with 75 mIU/ml immature oocytes from these women retain their maturational
follicle stimulating hormone (FSH) and luteinizing hormone and developmental competence (Trounson et al., 1994). In
(LH). Intracytoplasmic sperm injection (ICSI) was per- comparison with conventional IVF, the major benefits of IVM
formed in all mature oocytes and the resulting embryos treatment include avoidance of the risk of OHSS, reduced
were transferred on day 2 or 3 after ICSI. A total of 17 cost, and less complicated treatment. However, the maturation
patients underwent 24 completed treatment cycles. Thirteen rate of immature oocytes retrieved from women with PCOS
cycles were primed with HCG and 11 other cycles were is lower than that of those retrieved from women with normal
not primed. The mean number of oocytes retrieved was menstrual cycles (Cha and Chian, 1998). There is a paucity
comparable in the two groups (7.8 � 3.9 versus 7.4 � of information about the maturational capacity of immature
5.2). The percentage of oocytes achieving maturation at 48 oocytes derived from women with PCOS.
h was significantly higher (P < 0.05) in the HCG-primed Several authors have reported pregnancies following the
group (84.3%, 86/102) than in the non-HCG-primed group transfer of embryos produced from immature oocytes derived
(69.1%, 56/81). Oocyte maturation was hastened in the from stimulated ovaries (Veeck et al., 1983; Prins et al., 1987;
HCG-primed group. Following 24 h of culture, 78.2 � Nagy et al., 1996; Edirisinghe et al., 1997; Jaroudi et al.,
7.1% of oocytes were matured in the HCG-primed group 1997; Liu et al., 1997; Tucker et al., 1998). However, the
compared with 4.9 � 2.5% of oocytes in the non-HCG- pregnancy rate reported is correspondingly low. It has been
primed group (P < 0.001). There were no significant demonstrated that morphological and molecular differences
differences in the rates of oocyte fertilization and cleavage exist between immature oocytes retrieved from stimulated and
in these two groups. There were five clinical pregnancies unstimulated ovaries (Chian et al., 1997). Although the time
(38.5%) in the HCG-primed group, and three pregnancies courses of germinal vesicle breakdown (GVBD) and oocyte
(27.3%) in the non-HCG-primed group. maturation are different between immature oocytes retrieved
Key words: HCG/human/immature oocyte/in-vitro maturation/ from stimulated and unstimulated ovaries, the final rates of
polycystic ovarian syndrome oocyte maturation are not different in these two groups (Cha

and Chian, 1998). It appears that the oocytes retrieved from
small follicles in women undergoing ovarian stimulation
respond to human chorionic gonadotrophin (HCG) which

Introduction promotes the initiation of oocyte maturation. However, it
remains unclear whether priming with HCG before immaturePolycystic ovarian syndrome (PCOS) is one of the most

common reproductive disorders in women of childbearing oocyte retrieval in unstimulated ovaries could improve the
rates and time course of oocyte maturation and fertilization,age. It has a heterogeneous presentation, which is clinically

characterized by anovulation and hyperandrogenism, and on as well as the embryo quality.
The present study was designed to determine whetherpelvic ultrasound examination shows numerous antral follicles

within the ovaries (Adams et al., 1986). Women with PCOS priming with HCG 36 h before immature oocyte retrieval

© European Society of Human Reproduction and Embryology 165



R.C.Chian et al.

alters the rates of oocyte maturation, fertilization and early
embryo development in patients with PCOS.

Materials and methods
A total of 17 patients with PCOS underwent 24 completed treatment
cycles. All patients were under 41 years of age (mean 35.4 � 4.9
years) and presented with irregular menstrual cycles, anovulation
(determined by ultrasound; see below) and a minimum 2-year history
of infertility. All patients had an ultrasound appearance of polycystic
ovaries and elevated serum testosterone concentrations. An ultrasound
diagnosis of PCOS was made when there were more than 10 small
cysts/follicles (2–8 mm diameter) around a dense core of stroma. The
serum testosterone concentration was �1.2 nmol/l on day 2 or 3 of
the baseline ultrasound scan. Body mass index (BMI) was not
calculated for these patients. The serum luteinizing hormone (LH)
concentration was �10 IU/ml on day 2 of bleeding for all patients.
All patients had failed to conceive after at least six cycles of ovulation
induction with clomiphene citrate or gonadotrophins and intrauterine
insemination. The study was approved by the Research Ethics Board
of the Hospital.

The treatment cycle was initiated by the administration of intra-
vaginal progesterone (Prometrium; Schering, Pointe-Claire, Quebec,
Canada) in a dose of 300 mg daily for 10 days. The timing of the
start of treatment was random, as all patients had irregular menstrual
cycles. Withdrawal bleeding occurred within 3 days after the last
dose. On day 2 or 3 following the onset of menstrual bleeding, the
patients underwent a baseline ultrasound scan to ensure that no
ovarian cysts were present. Transvaginal ultrasound scans were
repeated on day 8 to exclude the development of a dominant follicle.
The size of all follicles on ultrasound scan had to be �10 mm
diameter on day 8 of the cycle.

Oocyte retrieval was performed on day 10 to 14 of the cycle. Figure 1. Immature human oocytes retrieved from (a) human
Using a computerized random table, the patients were assigned either chorionic gonadotrophin (HCG)-primed and (b) non-HCG-primed
to be primed with 10 000 IU HCG (Profasi; Serono, Oakville, Ontario, groups. Note that germinal vesicle breakdown has occurred in (a),
Canada) (group A), or not primed (group B). In group A the HCG while in (b) the intact germinal vesicle is clearly observed.

(Original magnification �400).was given s.c. to patients 36 h before oocyte retrieval. Transvaginal
ultrasound-guided oocyte collection was performed using a specially
designed 17G single-lumen aspiration needle (K-OPS-1235-Wood, containing 1 ml of maturation medium, TC-199 medium supplemented

with 20% FBS, 25 mol/l pyruvic acid (Sigma Chemical Co.),Cook, Australia) with an aspiration pressure of 7.5 kPa. Aspiration
of all small follicles was performed under spinal anaesthesia. Oocytes 75 mIU/ml follicle stimulating hormone (FSH) � LH (Humegon;

Organon, Scarborough, Ontario, Canada) at 37°C in an atmospherewere collected in 10 ml culture tubes (Falcon, Franklin Lakes, NJ,
USA) containing 2 ml warm 0.9% saline with 2 IU/ml heparin of 5% CO2 and 95% air with high humidity. Following culture, the

maturity of the oocytes was determined under the microscope at 12 h(Baxter, Toronto, Ontario, Canada).
Following oocyte collection, the oocytes were evaluated for the intervals for up to 48 h.

The oocytes which were mature at the time of checking werepresence or absence of a germinal vesicle (GV) in the cytoplasm of
the oocyte (Figure 1), and the immature oocytes were then transferred denuded of cumulus cells using finely drawn glass pipettes following

1 min exposure to 0.1% hyaluronidase solution (Medi-Cult, Hopkin-into maturation medium for culture. To identify whether GV was
present in the oocyte cytoplasm, the special technique of observation ton, MA, USA) ready for intracytoplasmic sperm injection (ICSI).

Spermatozoa for ICSI were prepared by mini-Percoll separation (45%called ‘sliding’ was employed under the stereomicroscope. Briefly,
the cumulus–oocyte complex (COC) was allowed to slide slowly and 90% gradients) at 560 g for 20 min. Following Percoll separation,

the sperm pellet was washed twice (200 g) with 2 ml of Medi-Cultdown from one side to the other on the bottom of the tissue culture
dish (60�15 mm; Falcon), the COC being observed under the IVF medium. A single spermatozoon was injected into each metaphase

II oocyte. Following ICSI, each oocyte was transferred into 20 µlmicroscope. During COC sliding, it was possible to observe clearly
whether or not the oocyte cytoplasm contained a GV. If no GV was droplet of Medi-Cult IVF medium in a tissue culture dish (35�10 mm;

Falcon) under mineral oil. Fertilization was assessed 18 h after ICSIseen in an immature oocyte, the oocyte was defined as germinal
vesicle breakdown (GVBD). The mature oocytes were determined by for the appearance of two distinct pronuclei and two polar bodies.

Following fertilization check, oocytes with two pronuclei (max-the presence of a first polar body extrusion. All oocyte handling
procedures were conducted on warm stages and plates at 37°C. COC imum five) were transferred into 1.0 ml of Medi-Cult IVF medium

in the organ tissue culture dish (60�15 mm; Falcon) for furtherwere washed in TC-199 medium (Sigma Chemical Co., St Louis,
MO, USA) with 10% inactivated (56°C, 30 min) fetal bovine serum culture. Embryos were transferred on day 2 or 3 after ICSI. Since

the oocytes were not matured and inseminated at the same time(FBS; Sigma Chemical Co.). The immature oocytes were then
incubated in an organ tissue culture dish (60�15 mm; Falcon) following maturation in culture, the developmental stages of embryos

166



HCG priming before immature oocyte retrieval in PCOS women

and all patients had an endometrial thickness of 8 to 13 mm.
Following embryo transfer, there were five clinical pregnancies
(38.5%) among 13 treatment cycles in the HCG-primed group,
and three clinical pregnancies (27.3%) among 11 treatment
cycles in the non-HCG-primed group. The details of the
pregnancies are shown in Table II.

The time course of GVBD is shown in Figure 3. At the
time of oocyte retrieval in the HCG-primed group there were
46.2 � 5.2% GVBD oocytes; in contrast, in the non-HCG-
primed group, no GVBD had occurred at the time of oocyte
collection. After 48 h of culture, there was no significant
difference in GVBD rates between the oocytes retrieved from
the HCG-primed and non-primed groups (93.8 � 6.8% and
87.5 � 4.5% respectively). The time course of oocyte matura-
tion was hastened in the HCG-primed group (Figure 4), with

Figure 2. The stages of embryo development cultured for 2 or 3 8.8 � 3.6% of oocytes being matured to metaphase II at 12 h
days following in-vitro maturation and intracytoplasmic sperm

after oocyte retrieval. At 24 h following IVM, there wereinjection from a woman with polycystic ovarian syndrome primed
78.2 � 7.1% of mature oocytes in the HCG-primed groupby human chorionic gonadotrophin before immature oocyte
compared with 4.9 � 2.5% in the non-HCG-primed groupretrieval. Note that the embryos were at different stages (from

4-cell to 16-cell) of development. Original magnification, �400. (P � 0.001). At 48 h of culture, there were 85.2 � 4.1% of
mature oocytes in the HCG-primed group compared with
68.0 � 2.7% of mature oocytes in the non-HCG-primed groupwere variable both within and between patients. Before transfer, all
(P � 0.05).embryos for each patient were pooled and selected for transfer.

Therefore, the developmental stages of each embryo transferred may
have been different in individual women (Figure 2). However, the

Discussionrange of variation for embryo growth in the two groups of patients
should have been the same. The results of the present study indicate that the maturation

For the preparation of the endometrium, the patients were given rate of immature oocytes retrieved from women with PCOS
oestradiol (Estrace; Roberts Pharmaceutical, Mississauga, Canada) was improved by HCG priming. The first report of pregnancy
depending on the endometrial thickness on the day of oocyte retrieval in a woman with anovulatory infertility following IVM of
in divided doses, starting on the day of oocyte retrieval. If the immature oocytes and IVF was made in 1994 (Trounson et al.,
endometrial thickness on the day of oocyte retrieval was �4 mm, a 1994), while the following year, a pregnancy was reported in
10 mg dose was administered; if it was �6 mm, a 6 mg dose was

a group of patients with PCOS treated with IVM, combinedgiven. More precise measurements of endometrial thickness were not
with ICSI and assisted hatching (Barnes et al., 1995). Unfortu-possible with the equipment available at this stage of the treatment.
nately, only about 60% of immature oocytes retrieved fromLuteal support was provided by 400 mg intravaginal progesterone
women with PCOS mature in vitro, and the pregnancy rates(Prometrium) twice daily for 16 days starting from the day of ICSI.
reported have been correspondingly low, at approximately 22%On the day of embryo transfer, the endometrial thickness was

measured again by transvaginal ultrasound scan. If the endometrial (Cha and Chian, 1998). It has been reported that although
thickness was �7 mm, the couples were offered embryo cryopreserv- immature oocytes recovered from untreated ovaries can be
ation and transfer in a subsequent cycle. Clinical pregnancy was matured, fertilized and developed in vitro, the implantation
defined as an intrauterine gestation with a fetal heartbeat seen by rate of these cleaved embryos is disappointingly low, indicating
transvaginal ultrasound scan. that the oocyte culture system may have specific requirements

The statistical significance of the differences between the means for successful human oocyte maturation (Barnes et al., 1996;
and percentages of the groups was determined and compared by

Trounson et al., 1998). The results of the current studyStudent–Newman–Keuls’ test (Steel and Torrie, 1980). A P-value
demonstrate that the rate of oocyte maturation is significantly� 0.05 was considered statistically significant.
higher with HCG priming before immature oocyte retrieval,
which may potentially increase the pregnancy rate, although

Results this study was too small to detect any possible significant
difference.As shown in Table I, there was no difference in the number

of immature oocytes retrieved between the HCG-primed (13 The cyclic pattern of FSH and LH secretion in women with
PCOS is typically absent, and there is often a disproportionatelycycles) and the non-primed groups (11 cycles) (7.8 � 3.9

versus 7.4 � 5.2). However, the maturation rate of oocytes at high secretion of LH with a relatively constant low rate of
FSH secretion (Yen, 1980). The exact mechanism by which48 h of culture was significantly different following culture,

with HCG priming increasing the maturation rate of immature anovulation occurs in these women is unknown. There is a
consensus that the common feature in women with PCOS isoocytes (84.3% versus 69.1%; P �0.05). The fertilization

and cleavage rates and the embryo quality were comparable arrested follicular development at the stage when selection of
the dominant follicle should normally occur (Erickson andbetween the HCG-primed group and the non-primed group.

There were no cycles cancelled because of thin endometrium, Yen, 1984). The initial steps of folliculogenesis, follicle recruit-
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Table I. Effects of human chorionic gonadotrophin (HCG) priming before immature oocyte retrieval on rates of oocyte retrieval, maturation, fertilization,
cleavage and pregnancy in women with polycystic ovarian syndrome (PCOS)a

With (�) or No. of No. of oocytes No. of oocytes No. of oocytes No. of oocytes No. of embryos No. of clinical
without (–) cycles retrieved matured at 48 h fertilized cleaved transferred pregnancies
HCG priming (Mean � SE) (%) (%) (%) (Mean � SE) (%)

� 13 102 86 78 74 36 5
(7.8 � 3.9) (84.3)b (90.7) (94.9) (2.8 � 0.9) (38.5)

– 11 81 56 47 45 27 3
(7.4 � 5.2) (69.1)c (83.9) (95.7) (2.5 � 1.1) (27.3)

aMean age of women in HCG-primed group 35.3 � 4.8 years; mean age in non-HCG-primed group 34.5 � 5.5 years.
b,cP � 0.05.

Table II. Details of eight pregnancies from immature oocytes obtained in
women with polycystic ovarian syndrome (PCOS)

With (�) or Age No. of oocytes No. of embryos Results
without (–) (years) retrieved transferred
HCG priming

� 38 4 3 Twins
� 32 10 3 Singleton
� 41 2 1 Singleton
� 39 10 4 Miscarriagea

� 41 4 3 Miscarriageb

– 35 7 4 Singleton
– 31 1 1 Singleton
– 35 14 3 Twins

aMiscarried at 6 weeks.
bMiscarried at 7 weeks.

Figure 4. The time course of human oocyte maturation during
culture in vitro. At 24 h after culture in the human chorionic
gonadotrophin (HCG)-primed group, 78.2 � 7.1% of oocytes were
matured. Final percentages of oocyte maturation were significantly
different between oocytes retrieved from the HCG-primed (s) and
non-HCG-primed (d) groups (total 183 oocytes). *Significant
difference between two groups at the time point (P � 0.05).

adenylate cyclase results in elevated concentrations of cyclic
adenosine monophosphate (cAMP) which then interacts with
the regulatory subunits of protein kinase, resulting in production
or activation of the appropriate enzymes (Marsh, 1976). The
action of oocyte maturation inhibitor (OMI) is itself inhibited
by increased cAMP concentrations associated with the mid-
cycle LH peak (Tsafriri and Pomerantz, 1986). Excessive LH
secretion is frequently encountered in women with PCOS
(Waldstreicher et al., 1988), and it has been shown thatFigure 3. The time course of human oocyte germinal vesicle
excessive LH secretion is associated with anovulation, infertil-breakdown (GVBD) during culture in vitro. At the time of retrieval

in the human chorionic gonadotrophin (HCG)-primed group, ity and miscarriage (Regan et al., 1990; Balen et al., 1993;
46.2 � 5.2% of oocytes showed GVBD. At 48 h culture, the Shoham et al., 1993).
percentage of GVBD was similar in oocytes retrieved from the

It is postulated that acquisition of optimal competence forHCG-primed (s) and non-HCG-primed (d) groups (total 183
maturation of immature oocytes in women with PCOS mayoocytes). *Significant difference between two groups at the time
require the presence of a mid-cycle LH surge for priming. Itpoint (P � 0.05).
is known that GVBD is initiated by the pre-ovulatory surge
of LH, suggesting that LH induces the loss of communicationment, and follicle growth to the small antral stage, are functional

in women with PCOS, but the terminal step—the selection of between the oocyte–cumulus cell complex, thus terminating
the flow of OMI (Fagbohun and Downs, 1991). The results ofa dominant follicle that is capable of ovulation—does not occur

regularly (Jakimiuk et al., 1997). Normally, the mechanism of this study show that there were 46.2 � 5.2% of GVBD oocytes
at the time of oocyte retrieval 36 h after HCG administration,LH action on the ovary starts with the binding to specific LH

receptors on the theca and granulosa cells, followed by a which may suggest that the small follicles in polycystic ovaries
possess some LH receptors, even though there is no directrapid stimulation of adenylate cyclase activity. Stimulation of
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following in-vitro fertilization are increased in women with polycysticevidence that LH receptors are present in the granulosa cells
ovaries and reduced by pituitary desensitization with buserelin. Hum.

of these small follicles. This is an area that clearly requires Reprod., 8, 959–964.
further study. Barnes, F.L., Crombie, A., Gardner, D.K. et al. (1995) Blastocyst development

and birth after in vitro maturation of human primary oocytes,In women with normal ovaries, the time courses of GVBD
intracytoplasmic sperm injection and assisted hatching. Hum. Reprod., 10,and oocyte maturation are different between immature oocytes 3243–3247.

retrieved from stimulated and unstimulated ovaries; however, Barnes, F.L., Kausche, A., Tiglias, J. et al. (1996) Production of embryos
from in-vitro matured primary human oocytes. Fertil. Steril., 65, 1151–1156.the final rates of oocyte maturation are similar (Cha and Chian,

Buckett, W.H., Bouzayen, R., Watkin, K.L. et al. (1999) Ovarian stromal1998). The results of the present study indicate that the rate
echogenicity in women with normal and polycystic ovaries. Hum. Reprod.,

of oocyte maturation during the first 48 h of culture is increased 14, 618–621.
in women with PCOS following HCG priming before immature Cha, K.Y. and Chian, R.C. (1998) Maturation in vitro of immature human

oocytes for clinical use. Hum. Reprod. Update, 4, 103–120.oocyte retrieval. Three of the six women who achieved
Chian, R.C., Park, S.E., Park, E.H. et al. (1997) Molecular and structuralpregnancy and did not miscarry had failed to conceive follow- characteristics between immature human oocytes retrieved from stimulated

ing three cycles of conventional IVF treatment during the and unstimulated ovaries. In Gromel, V. and Leung, P.C.K. (eds). In-Vitro
Fertilization and Assisted Reproduction, Monduzzi, Editore, Bologna,preceding 2 years. These results suggest that immature oocyte
pp. 315–319.retrieval followed by IVM might be useful in 20% (Franks,

Choi, T.S., Mori, M., Kohmoto, K. et al. (1987) Beneficial effect of serum
1989) to 37% (Buckett et al., 1999) of women undergoing on the fertilizability of mouse oocytes matured in vitro. J. Reprod. Fertil.,

79, 565–568.IVF who have polycystic ovaries seen on ultrasound scan.
DeFelici, M. and Siracusa, G. (1982) ‘Spontaneous’ hardening of the zonaExtremely low fertilization rates are usually obtained after

pellucida of mouse oocytes during in vitro culture. Gamete Res., 6, 107–113.
standard insemination of in-vitro-matured oocytes, suggesting Downs, S.M., Schroeder, A.C. and Eppig, J.J. (1986) Serum maintains the
that ICSI is the best option, even when the sperm parameters fertilizability of mouse oocytes matured in vitro by preventing hardening

of the zona pellucida. Gamete Res., 15, 115–122.are not impaired (Nagy et al., 1996). Qualitative changes,
Edirisinghe, W., Junk, S.M., Matson, P.L. et al. (1997) Birth from cryopreservedincluding zona hardening, occur in the zona pellucida during embryos following in-vitro maturation of oocytes and intracytoplasmic

oocyte maturation in vitro that may reduce the fertilization sperm injection. Hum. Reprod., 12, 1056–1058.
Erickson, G.F. and Yen, S.S.C. (1984) New data on follicle cells in polycysticrates using conventional IVF (DeFelici and Siracusa, 1982;

ovaries: a proposed mechanism for the genesis of cystic follicles. Semin.Downs et al., 1986; Choi et al., 1987). There were no
Reprod. Endocrinol., 42, 39–43.

differences in the rates of fertilization and cleavage between Fagbohun, C.F. and Downs, S.M. (1991) Metabolic coupling and ligand-
stimulated meiotic maturation in the mouse oocyte-cumulus cell complex.the HCG-primed and non-HCG-primed groups. This suggests
Biol. Reprod., 45, 851–859.that although the time course and rate of oocyte maturation

Franks, S. (1989) Polycystic ovary syndrome: a changing perspective. Clin.are hastened by HCG priming before immature oocyte retrieval, Endocrinol., 31, 87–120.
the rates of oocyte fertilization and development are not Healy, D.L., Kovacs, G.T., Pepperell, R.J. et al. (1980) A normal cumulative

conception rate after human pituitary gonadotropin. Fertil. Steril., 34,different in the two groups.
341–345.It has been suggested that the endometrial priming commen-

Jakimiuk, A.J., Jakowicki, J.A. and Magoffin, D.A. (1997) Follicular
cing at the mid-follicular phase may be optimal when embryos development in polycystic ovary syndrome. Assist. Reprod. Rev., 7, 54–57.
resulting from IVM are transferred in the same cycle in which Jaroudi, K.A., Hollanders, J.M.G., Sieck, U.V. et al. (1997) Pregnancy after

transfer of embryos which were generated from in vitro matured oocytes.the immature oocytes are retrieved (Russell et al., 1997).
Hum. Reprod., 12, 857–859.

However, the results of this study indicate that endometrial Liu, J., Katz, E., Garcia, J.E. et al. (1997) Successful in vitro maturation of
priming can be started from the late follicular phase. In this human oocytes not exposed to human chorionic gonadotropin during

ovulation induction, resulting in pregnancy. Fertil. Steril., 67, 566–568.regard, endometrial priming from the late follicular phase
MacDougall, M.J., Tan, S.L., Balen, A. et al. (1993) A controlled studyseems effective for embryo transfer in the same cycle of

comparing patients with and without polycystic ovaries undergoing in vitro
immature oocyte retrieval. fertilization. Hum. Reprod., 8, 233–237.

Marsh, J.M. (1976) The role of cyclic AMP in gonadal steroidogenesis. Biol.In conclusion, the time course of oocyte maturation in vitro,
Reprod., 14, 30–53.i.e. the maturation rate, has been shown to be hastened by

Nagy, Z.P., Cecile, J., Liu, J. et al. (1996) Pregnancy and birth after
priming with HCG before retrieval of immature oocytes. It is intracytoplasmic sperm injection of in vitro matured germinal-vesicle stage
possible that pregnancy rate may potentially be improved by oocytes: case report. Fertil. Steril., 65, 1047–1050.

Prins, G.S., Wagner, C., Weidel, L. et al. (1987) Gonadotropins augmentthis means in women with PCOS. However, the numbers of
maturation and fertilization of human immature oocytes cultured in vitro.patients in this study were too small to detect any such Fertil. Steril., 47, 1035–1037.
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