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Abstract: A major cause of cycle cancellation during controlled

ovarian hyperstimulation (COH) in women undergoing in vitro ferti-

lization (IVF) is the occurrence of premature luteinizing hormone (LH)

surges. Steroidal preparations can modulate the secretion of gonado-

tropins (Gn); however, few studies using progesterone to inhibit the

premature LH surges in COH have been published. The purpose of the

study was to evaluate the oral delivery of progesterone soft capsules

(Utrogestan) to prevent LH surges from the follicular phase and to

compare cycle characteristics as well as to evaluate pregnancy outcomes

in subsequent frozen-thawed embryo transfer (FET) cycles.

A total of 374 patients were enrolled in this retrospective study,

among which 187 patients were simultaneously administered Utroge-

stan and human menopausal gonadotrophin (hMG) from cycle day 3

until the trigger day. A short protocol including 187 controls with

comparable age, body mass index (BMI), infertility duration, and antral

follicle count was also used. GnRH agonist (0.1 mg) or hCG (3000 IU)

was used for a trigger when the dominant follicles matured. Viable

embryos were cryopreserved for later transfer in both groups. The

primary outcome was the number of oocytes retrieved. The secondary

outcomes included the number of mature oocytes, incidence of pre-

mature LH surge, and clinical pregnancy outcomes from FET cycles.

Consistent LH suppression was achieved during COH, with a range

of 0.07 to 8.9 IU/L, and no premature LH surge was detected. The

number of oocytes retrieved in the Utrogestan and hMG protocol was

comparable with that in the short protocol (10.92� 5.74 vs 10.6� 6.22,

P> 0.05), and the dose of hMG was higher than that used in the short

protocol (1884.22� 439.47 IU vs 1446.26� 550.48 IU, P< 0.05). No

significant between-group difference was observed in the mature oocyte

rate (88.88% vs 90.12%), cleavage rate (96.58% vs 96.58%), clinical

pregnancy rate (54.27% vs 51.65%), or implantation rate (33.59% vs

34.02%).
D, and Yonglun Fu, MD, PhD

(Medicine 94(21):e909)

Abbreviations: COH = controlled ovarian hyperstimulation, FET =

frozen-thawed embryo transfer, GnRH-a = gonadotropin-releasing

hormone agonist, hCG = human chorionic gonadotrophin, hMG =

human menopausal gonadotropin, ICSI = intracytoplasmic sperm

injection, IVF = in vitro fertilization, LH = luteinizing hormone,

MC = menstruation cycle day, OHSS = ovarian hyperstimulation

syndrome.

INTRODUCTION

T he occurrence of premature luteinizing hormone (LH)
surges has been sharply reduced since the introduction of

gonadotropin-releasing hormone agonist (GnRH-a). However,
there are still some disadvantages, such as the complexity of
achieving consistent downregulation, an increased risk of ovar-
ian hyperstimulation syndrome (OHSS) from a human chor-
ionic gonadotrophin (hCG) trigger, and expensive cost, which
has prompted interest in exploring convenient alternatives to
prevent premature LH surges.1,2

We previously demonstrated that no premature LH surges
were detected during luteal-phase ovarian stimulation.3,4

Perhaps the high doses of progesterone results in pituitary
suppression, which is aligned with Letteries’ pilot finding that
a combination of ethinyl estradiol and norethindrone was
restricted to a 5-day course beginning on day 6 or 8 and
permitted folliculogenesis, but effectively inhibited mid-cycle
LH surges and ovulation during in vitro fertilization (IVF)
stimulation.5 The preliminary data suggest that steroidal pre-
parations may be an inexpensive and effective method of
preventing LH secretion.

The usage of steroidal preparations could not be con-
sidered because of its negative impact on endometrial recep-
tivity when fresh embryo transfers were routinely performed
during IVF in the past several decades. However, frozen-thawed
embryo transfer (FET) has been widely used recently, with the
safety of cryopreservation techniques being confirmed, as well
as the advantages of the ‘‘freeze-all’’ strategy, which can
increase cumulative pregnancy rates, decrease multiple preg-
nancy rates and ectopic pregnancy rates, and reduce the risk of
OHSS.6–8 The ‘‘freeze-all’’ strategy made steroidal pre-
parations in IVF possible.

We hypothesized that the progesterone delivered from the
early follicular phase may be used to suppress premature LH
surges in IVF cycles. Progesterone soft capsules (brand name:
l micronized progesterone, are usually
and was orally delivered from menstrua-
) until the trigger day to mimic the high
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context of progesterone in the luteal phase, which can be
detected in serum after being taken orally or vaginally.9,10

To the best of our knowledge, there is no report using Utroge-
stan to achieve the suppression of LH. We conducted a retro-
spective study to explore the novel use of Utrogestan combined
with human menopausal gonadotropin (hMG) in controlled
ovarian hyperstimulation (COH) during IVF, aiming to com-
pare the endocrine characteristics, embryological character-
istics, and pregnancy outcomes in FET cycles compared with
a short protocol.

MATERIALS AND METHODS

Study Setting and Patients
A retrospective study was conducted at the Department of

Assisted Reproduction at the Ninth People’s Hospital of Shang-
hai Jiaotong University School of Medicine. Women under-
going IVF/intracytoplasmic sperm injection (ICSI) regimens for
infertility treatment were recruited from June 2013 to July 2014.
The protocol was approved by the Ethics Committee (Institu-
tional Review Board) of the Ninth People’s Hospital of Shang-
hai. The study was conducted according to the Declaration of
Helsinki for medical research. All participants provided
informed consent after counseling for infertility treatments
and routine IVF procedures.

The following inclusion criteria were used: no older than
38 years of age; regular menstrual cycles over the previous
3-month period (25–35 days); an antral follicle count of more
than 4 on MC2–3; and a basal serum follicle stimulating
hormone(FSH) concentration no higher than 10 IU/L.

The following exclusion criteria were applied: documented
ovarian failure, including a basal FSH level above 10 IU/L or no
antral follicles, according to ultrasound examination; endome-
triosis grade 3 or higher; a diagnosis of polycystic ovarian
syndrome (PCOS); administration of hormonal treatments in
the previous 3 months; any contraindications to ovarian stimu-
lation treatment; and documented cycles with no oocyte
retrieved.

Procedures

Controlled Ovarian Stimulation and Allocation
The study group was administered hMG 150 to 225 IU

(Maanshan Pharmaceutical Trading Co., Anhui, China) and
Utrogestan (Laboratories Besins International, Paris, France)
100 mg twice a day from MC3 until the trigger day. Follicular
monitoring started at MC9–11 and was performed every 2 to 4
days using a transvaginal ultrasound examination to record the
number of developing follicles. Serum FSH, LH, E2, and
progesterone concentrations were measured using patient blood
tests on the same days as the ultrasound exams. When 3
dominant follicles reached 18 mm in diameter, the final stage
of oocyte maturation was triggered using triptorelin 0.1 mg
(Decapeptyl, Ferring Pharmaceuticals, Germany) or hCG
3000 IU (Lizhu Pharmaceutical Trading Co., Zhuhai, China).
Transvaginal ultrasound-guided oocyte retrieval was conducted
34 to 36 hours after the trigger. All follicles with diameters of
more than 10 mm were retrieved.

A short protocol was used for the control group. Patients
were administered triptorelin 0.1 mg daily beginning on MC2

Zhu et al
and hMG 150 to 225 IU daily beginning on MC3. After 6 to 7
days, the ultrasound examination and serum hormone level tests
were performed, and the hMG dose was adjusted, according to
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the follicle development. When the dominant follicles reached
18 mm in diameter, the final stage of oocyte maturation was
induced with an intramuscular injection of hCG 3000 IU.
Oocyte retrieval was conducted 34 to 36 hours later. Fertiliza-
tion of the aspirated oocytes was performed by either IVF or
intracytoplasmic sperm injection (ICSI), depending on the
semen parameters. According to the number and regularity
of blastomeres and the degree of embryonic fragmentation,
good-quality embryos (including grade 1 and grade 2, 8-cell
embryos) were frozen by vitrification on the third day following
the oocyte retrieval, and non-top-quality embryos were placed
in extended culture, of which good morphological grade blas-
tocysts were frozen on day 5 or day 6.

Endometrium Preparation and FET
In this study, the method of endometrium preparation was

similar in both groups. Specifically, natural cycle was used for
the women with regular menstrual cycles, letrozole was
employed for the women with irregular menstrual cycles, and
hormone replacement treatment (HRT) was recommended for
patients with thin endometrium during either natural cycles or
stimulation cycles. HRT referred to the oral administration of
ethinyl estradiol 25 mg tid (Xinyi Pharmaceutical Co.,
Shanghai, China) from MC3 onwards. The transfer of day 3
embryos or blastocyst was scheduled based on the embryo and
endometrium synchronization. When pregnancy was achieved,
the progesterone supplement was continued until 10 weeks of
gestation.

Hormonal Measurement
Serum FSH, LH, E2, and progesterone were collected on

day 3 of the stimulation cycle, MC 9–11 (after 6 to 8 days of
stimulation), the trigger day and the day after the trigger (about
10 hours later after the injection of GnRH-a or hCG). Hormonal
levels were measured with chemiluminescence (Abbott Biolo-
gicals B.V., Netherlands). The lower sensitivity limits were as
follows: FSH¼0.06 IU/L, LH¼ 0.09 IU/L, E2¼ 10 pg/mL, and
P¼ 0.1 ng/mL. The upper limit for the E2 measurement was
5000 pg/mL. The E2 values were recorded as 5000 pg/mL if the
E2 levels on the trigger day or the day after the trigger were
higher than the upper limit.

Statistical Analysis
The primary outcome measure was the number of oocytes

retrieved. The secondary measures included the clinical preg-
nancy rate, ongoing pregnancy rate, and FET implantation rate.
Clinical pregnancy was defined as the presence of a gestational
sac with fetal heart activity during ultrasound examination
7 weeks after FET. The implantation rate was defined as the
number of gestational sacs divided by the number of embryos
transferred. The miscarriage rate was defined as the proportion
of patients with spontaneous termination of pregnancy. The
cycle cancellation referred to the patients who completed the
oocyte retrieval without viable embryos.

In the table presented in this study, the data are presented as
the mean� SD, and in Figure 1, the hormone profile is pre-
sented as the mean� SEM. The data were analyzed using one-
way analysis of variance, using the Bonferroni method and
Dunnetts’ test as appropriate, and P< 0.05 was considered to be

Medicine � Volume 94, Number 21, May 2015
statistically significant. All data were analyzed using the
Statistical Package for the Social Sciences for Windows soft-
ware (version 16.0, SPSS Inc.).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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RESULTS

Patient Characteristics
Figure 1 shows a profile summary of the study. A total of

941 women were screened for the study, including 187 women
in the study group (Utrogestanþ hMG protocol) and 187
women in the control group (a short protocol). The remaining
567 women were rejected in accordance with the predefined
study exclusion criteria. A total of 353 women completed
oocyte retrieval cycles, and 309 women completed FET cycles.
All participants succeeded in producing oocytes (range, 1 to 36),
and 353 women (94.39%) had the highest quality embryos to
cryopreserve, while 21 patients were excluded from the study
because they did not produce the highest quality embryos.

There was no significant between-group difference among
the 2 groups in terms of age, BMI, number of antral follicles,
duration of infertility, and basal endocrine characteristics
(P> 0.05). No difference was observed in the proportion of
indications, including tubal factor, male factor, combination of
tubal and male factor, and unknown factor. In the study, 20.32%
(38/187) of the study group patients and 15.51% (29/187) of the
control group participants had previously failed FET treatments
(Table 1).

Ovarian Stimulation, Follicle Development, and
Oocyte Performance

All women in both groups had 1 to 36 oocytes retrieved.
Thirteen women in the study group and 8 women in the control
group had either no fertilized oocytes or poor-quality embryos.
A total of 353 women across the groups had 1 to 14 embryos
cryopreserved after their oocyte retrieval. Table 2 describes the
clinical and cycle characteristics of COH in both groups. The
mean stimulation duration and doses of hMG, number of

FIGURE 1. The flowchart of the study.
follicles with a diameter larger than 10 and 14 mm, fertilization
rate, and viable embryo rate per oocyte retrieved were signifi-
cantly higher in the study group than in the control group

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
(P< 0.05). The number of viable embryos in the study group
was slightly higher, reaching the level of statistical difference
compared with the short protocol (4.99� 2.51 vs 4.45� 2.46,
P< 0.05). No significant between-group difference was found
in the number of oocytes retrieved, MII oocytes, fertilized
oocytes, cleaved embryos, D3 top-quality embryos and the rate
of oocyte retrieval, oocyte maturation, and cleavage (P> 0.05).
The cycle cancellation rate due to no viable embryos did not
differ between the 2 groups (6.95% vs 4.28%, P> 0.05). No
patient experienced moderate or severe OHSS during the study.

Pregnancy
In our study, 309 women completed a total of 441 FET

cycles, including 204 women who underwent 1 FET, 82 women
who completed 2 FETs, 19 women who finished 3 FETs, and 4
women who completed 4 FET cycles. The remaining 44 women
did not complete their FET cycles for personal reason before the
end of the study. Ninety-three women completed postnatal
outcome follow-ups after their FETs (Table 3).

A total of 466 embryos were thawed, and the rate of viable
frozen-thawed embryos was 98.5% (459/466). The clinical
pregnancy rate per transfer was 54.27% (108/199) in the study
group, in contrast with 51.65% (125/242) in the short protocol
group. Note that 15.38% (16/104) of the patients in the study
group had a miscarriage before reaching the gestational age of
12 weeks, while 16.8% (21/125) of patients in the short protocol
group miscarried. The implantation rate in the study group was
similar to that in the short control group (33.59% vs 34.02%)
(P> 0.05), which indicated that the embryos in both groups
shared similar development potential.

Of all pregnancies in the study group, 13 women had live
births and 74 had ongoing pregnancies in the study group
compared with 80 live births and 7 ongoing pregnancies in

the control group by the end of the research period. Delivery
follow-up showed 5 twin births and 8 single births in Utroges-
tanþ hMG protocol in contrast with 16 twin births and 64 single

www.md-journal.com | 3



TABLE 1. General Information of Patients (x̄±� S)

Characteristics UtrogestanþhMG Short Protocol P Values

Cycle, n 187 187
Age, years 30.3� 3.78 30.64� 3.53 0.48
Duration of infertility, y 3.25� 2.21 3.7� 2.4 0.11
Body mass index, kg/m2 21.51� 2.95 21.51� 2.58 0.627
Antral follicle count, n 11.59� 6.16 10.51� 4.52 0.386
No. of previous transfer failures, n 0.38� 0.84 0.29� 0.75 0.226
b FSH, IU/L 5.43� 1.28 5.48� 1.04 0.29
b LH, IU/L 3.21� 1.45 3.22� 0.83 0.083
b E2, pg/mL 30.08� 11.66 33.82� 15.85 0.081
b P, ng/mL 0.29� 0.57 0.21� 0.1 0.317
Indication n, % 0.390
Tubal factor 128 (68.45%) 114 (60.96%)
Male factor 24 (12.83%) 34 (18.09%)
Combination of factors 29 (15.51%) 32 (16.93%)
Unknown factor 5 (2.67%) 7 (3.68%)
Previous FET failures n, % 0.476

0 149 (79.68%) 158 (84.49%)
1–2 28 (14.97%) 21 (11.23%)
3 10 (5.35%) 8 (4.28%)

stim

Zhu et al Medicine � Volume 94, Number 21, May 2015
births. No malformations were reported in the newborns. The
mean newborn birth weight was 3214.71� 515.68 g (range,
2300–4050 g) and the mean birth height was 49.71� 1.19 cm
(range, 43–52 cm) in the study group while the mean newborn
birth weight was 3244.81� 497.33 g (range, 2025–4350 g) and
the mean birth height was 49.73� 1.17 cm (range, 46–53 cm).
All newborns were healthy during follow-up. The Utroges-

E2¼ estradiol, FET¼ frozen-thawed embryo transfer, FSH¼ follicle
tanþ hMG protocol was tried steadily, and the new protocol
was applied widely since 2014, leading to most of the pregnant
patients was ongoing.

TABLE 2. The Stimulation and Embryological Characteristics of t

Characteristics Utrogesta

hMG dose, IU 1884.22�
hMG duration, days 8.94�
No. of >10 mm follicles on the trigger day 12.42�
No. of >14 mm follicles on the trigger day 9.18�
Interval from trigger to oocyte retrieval, hours 35.47�
No. of oocytes retrieved, n 10.92�
No. of mature oocytes, n 9.71�
No. of fertilized oocytes, n 7.82�
No. of cleaved embryos, n 7.55�
No. of D3 top-quality embryos, n 4.34�
No. of viable embryos, n 4.99�
Oocyte retrieval rate, % 62.91% (2
Mature oocyte rate, % 88.88% (1
Fertilization rate, % 71.6% (14
Cleavage rate, % 96.58% (1
Viable embryo rate per oocyte retrieved, % 42.51% (8
Cancellation rate, % 6.95% (

hMG¼ human menopausal gonadtropin.

4 | www.md-journal.com
Analysis of Utrogestan R hMG Protocol in the
Subgroups of Trigger by GnRH-a or hCG

In this trial, GnRH-a and hCG were used to trigger final
oocyte maturation in the study group. Table 4 describes the
cycle characteristics in the subgroups of trigger by GnRH-a or
by HCG. The viable embryo rate per oocyte retrieved after

ulating hormone, LH¼ luteinizing hormone, P¼ progesterone.
trigger by GnRH-a was significant different with that after
trigger by hCG (40.12% vs 45%, P< 0.05). No difference
was found in the other cycle characteristics of the 2 subgroups.

he Patients (x̄±� S/%)

nþhMG Short Protocol P Values

439.47 1446.26� 550.48 <0.001
1.58 8.3� 2.16 <0.001
5.77 11.43� 6.27 0.005

4.15 8.76� 4.95 0.044
1.02 35.24� 1.01 0.076
5.74 10.6� 6.22 0.229

5.21 9.56� 5.66 0.282
4.55 7.35� 4.64 0.109
4.49 7.1� 4.54 0.113
2.96 4.13� 3.09 0.245
2.51 4.45� 2.46 0.029

042/3246) 63.82% (1983/3107) 0.449
815/2042) 90.12% (1787/1983) 0.202
62/2042) 69.29% (1374/1983) 0.109
412/1462) 96.58% (1327/1374) 0.999
68/2042) 34.44% (796/3107) <0.001

13/187) 4.28% (8/187) 0.261

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 3. Pregnancy Outcomes of Frozen-Thawed Embryos Originating From the 2 Regimens

Outcomes UtrogestanþhMG Short Protocol P Values

No. of patients 147 162
No. of FET cycles 199 242
Biochemical pregnancy rate per transfer 58.29% (116/199) 58.68% (142/242) 0.935
Clinical pregnancy rate per transfer 54.27% (108/199) 51.65% (125/242) 0.584
Implantation rate 33.59% (132/393) 34.02% (164/482) 0.892
Miscarriage rate 15.38% (16/104) 16.8% (21/125) 0.772
Ectopic pregnancy rate 3.7% (4/108) 0.8% (1/125) 0.127
Intrauterine and ectopic pregnancy rate 0% (0/108) 1.6% (2/125) 0.187

7/1
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As the different response of the pituitary after trigger by
GnRH-a or hCG, the hormone profiles of Utrogestanþ hMG
protocol were drawn separately according to the way to trigger
(Figure 2). FSH levels increased significantly after hMG admin-
istration and kept steady during ovarian stimulation. After
trigger by GnRH-a, FSH increased to 22.83� 7.66 IU/L, in
contrast, the FSH level on the day after trigger by hCG was
8.56� 2.45 IU/L (P< 0.05). The LH values gradually
decreased during ovarian stimulation with a range of 0.07 to
8.9 IU/L. The LH level on the trigger day in GnRH-a was
significantly lower than that by hCG (2.15� 1.78 vs

Ongoing pregnant rate per transfer 43.72% (8

FET¼ frozen-thawed embryo transfer.
2.59� 1.67, P< 0.05), and then increased significantly to
54.36� 26.74 IU/L at the time of 10 hours later after trigger
by GnRH-a compared with 1.82� 1.65 IU/L by hCG

TABLE 4. The Cycle Characteristics in the Subgroups of Trigger

Characteristics Trigge

Cycle (n) 95
Age, years 30.38�
Duration of infertility, y 3.12�
Body mass index, kg/m2 21.45�
Antral follicle count, n 11.01�
No. of previous transfer failures, n 0.38�
b FSH, IU/L 5.28�
hMG dose, IU 1961.8
hMG duration, days 9.13�
No. of >10 mm follicles on the trigger day 11.73�
No. of >14 mm follicles on the trigger day 8.97�
Interval from trigger to oocyte retrieval, hours 35.43�
No. of oocytes retrieved, n 10.53�
No. of MII oocytes, n 9.45�
No. of fertilized oocytes, n 7.71�
No. of cleaved embryos, n 7.45�
No. of D3 top-quality embryos, n 4.53�
No. of viable embryos, n 5� 2.5
Oocyte retrieval rate, % 63.01%
Mature oocyte rate, % 89.8%
Fertilization rate, % 81.51%
Cleavage rate, % 96.72%
D3 high-quality embryo rate per oocyte retrieved, % 43% (4
Viable embryo rate per oocyte retrieved, % 45% (4

FSH¼ follicle stimulating hormone, GnRH-a¼ gonadotropin releasing h
menopausal gonadtropin.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
(P< 0.05). Serum E2 values increased gradually with the
growth of follicles during ovarian stimulation, with no signifi-
cance in the 2 subgroups. Serum P values increased after the
delivery of Utrogestan, with a scope of 1.1 to 37.57 ng/mL, and
maintained at a stable concentration; however, there was no
significant difference of progesterone values between the 2 sub-
groups.

DISCUSSION
In this study, Utrogestan was used to prevent premature LH

99) 35.95% (87/242) 0.097
surges during COH in combination with the freeze-all strategy.
Hormonal measurements showed that the pituitary LH levels
were suppressed after a 6-day Utrogestan treatment, and no

by GnRHa or by HCG

r by HCG Trigger by GnRH-a P Values

92
3.76 30.22� 3.81 0.745

2.11 3.39� 2.31 0.356
3.09 21.57� 2.82 0.612
5.5 12.2� 6.76 0.34

0.8 0.38� 0.88 0.653
1.18 5.58� 1.37 0.25
4� 439.957 1804.08� 426.64 0.013
1.73 8.74� 1.38 0.25
3.95 13.14� 7.13 0.189

3.59 9.39� 4.67 0.559
1.14 35.5� 0.92 0.794
5.85 11.33� 5.62 0.133

5.47 9.97� 4.95 0.157
4.64 7.93� 4.49 0.501
4.59 7.65� 4.4 0.485
3.06 4.15� 2.85 0.625
3 4.98� 2.51 0.938

(1000/1587) 62.81% (1042/1659) 0.905
(898/1000) 88% (917/1042) 0.197

(732/898) 79.61% (730/917) 0.305
(708/732) 96.44% (704/730) 0.766

30/1000) 36.66 (382/1042) 0.003
50/1000) 40.12 (418/1042) 0.026

ormone agonist, hCG¼ human chorionic gonadotropin, hMG¼ human

www.md-journal.com | 5



FIGURE 2. The hormone profiles of UtrogestanþhMG protocol in the subgroups of trigger by GnRH-a or hCG. The mean� SD values
f F

ger.
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premature LH surge was observed during COH. To the best of
our knowledge, these data firstly demonstrated that Utrogestan
effectively inhibited LH.

The rates of oocyte retrieval, mature oocytes, and cleaved
embryos retrieved, and the pregnancy results after FET in the
study group were similar to those in the short protocol. More-
over, the viable embryo rate per oocyte in the study group was
higher than that in the control group. Therefore, it was demon-
strated that the Utrogestan and hMG protocol was feasible for
producing competent oocytes/embryos. However, the duration
of hMG administration and the hMG dose were higher in the
study group than in the control group, a finding that is consistent
with prior studies of luteal-phase ovarian stimulation.3,4 One
possible reason for this finding is associated with the extent of
pituitary suppression during COH. The LH level on the trigger
day in the study group was significantly lower than that in short
protocol. In addition, it is possible that the environment of high
progesterone has a direct influence on the function of ovarian
granulosa cells.

Previous experiments provide the foundation of the novel
usage of Utrogestan. As described by Dierschke et al, when
circulating estrogens and progesterone (P) increased simul-
taneously or when P was introduced 12 hours after the estradiol
benzoate (EB) injection, acute elevations in plasma P concen-
trations to supraphysiological levels could block the discharges
of LH in rhesus monkeys.11 In addition, according to Richter’s
research in ewes, induction of the GnRH surge by estradiol can

show the temporal associations among circulating concentrations o
trigger and the green line stands for the subgroup with hCG trig
be differentiated into the following 3 stages: activation, trans-
mission, and the GnRH surge itself, which stimulates an LH
surge.12–14 Progesterone can block the estradiol-induced surge-

6 | www.md-journal.com
generating signal soon after the onset of signal transmission
(immediately after estradiol removal) but not during the later
stages of signal transmission (at the time of GnRH/LH surge
onset).15–17 Therefore, progesterone is capable of facilitating or
blocking the LH surge, depending on the timing of its admin-
istration.18 In our preliminary trial, LH surge blockage failed if
Utrogestan administration was started when the diameter of
multiple follicles was more than 10 mm, according to the
method of adding GnRH antagonists (data unpublished). There-
fore, we modified the regimen by using Utrogestan from MC3.

The association between the extent of hypothalamic-
pituitary-ovarian (HPO) axis suppression and the dose of pro-
gesterone administration was not addressed in the trial design. A
dose of 200 mg was attempted in our trial, because previous
studies have suggested that mean plasma levels can reach as
high as luteal phase levels at doses of more than 100 mg.9,10 The
elevated progesterone values were not due to the spontaneous
ovulation, because no luteinized cysts were detected throughout
the COH. One explanation is that exogenous natural progester-
one (Utrogestan) may exert an autoregulatory positive feedback
action to enhance the production of endogenous progesterone. It
has been demonstrated in rat granulosa cells that progestins
can stimulate progesterone biosynthesis via enhancing the
3b-hydroxysteroid dehydrogenase (3b-HSD) enzyme.19–21 In
future, we perhaps can tailor the dose of progesterone in terms
of the concentration of P and LH.

The mechanism underlying the process of progesterone

SH, LH, E2, and P. The red line refers to the subgroup with GnRH-a
The asterisk (�) represent P<0.05 at the time point.
blocking the E2-induced GnRH surge in females is unknown.
Some studies proposed that the effect of progesterone is
mediated by the classic progesterone nuclear receptors

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



(PR).22 Recently, certain factors, such as endogenous opioid
peptides (EOPs), progesterone receptor membrane component 1
(PgRMC1), and periventricular preoptic area (pePOA) neurons,
were proven to play a role in progesterone negative feedback on
pulsatile GnRH secretion.23–25

Previous studies have reported that high progesterone
levels had an adverse effect on the clinical pregnant rate.26

Based on the meta-analysis of more than 60,000 cycles, Venetis
et al confirmed that the detrimental role of progesterone in fresh
IVF cycles was due to its adverse effect on the endometrium
instead of oocytes damage.27 As all patients underwent FET
after COH, we can regardless of the adverse impact of the high
progesterone level on the endometrium and the corpus luteum
function.

Utrogestan was usually used to support the luteal function
in previous studies,28 thus, no direct evidence demonstrated the
role of Utrogestan on oocyte development potential in previous
reports. In our clinic, more than 500 children were born from
luteal-phase ovarian stimulation, demonstrating that a natural
high progesterone status in COH did not increase the risk of
congenital malformations. In this trial, 13 healthy babies were
born, which verified that elevated progesterone levels originat-
ing from Utrogestan had no detrimental effect on embryos and
pregnancy. However, more researches were needed to confirm
the long-term safety for children conceived using Utrogestan
during COH.

Currently, it is debatable whether hCG or GnRH-a is the
optimal preparation to use for triggering in traditional down-
regulation regimen.29 At the initiation stage of this trial, only
GnRH-a 0.1 mg was used to trigger final oocyte maturation in
the study group. Two cases out of 92 presenting LH levels lower
than 15 IU/L (23) at the time of approximately 10 hours after
trigger after by GnRH-a (13.01 and 13.87 IU/L) with a rate of
mature oocytes 100% and 87.5%, respectively. Then, hCG was
used to trigger oocyte maturation in case of poor results with
low LH described in previous studies.30,31 GnRH-a was still
used at present for the advantage of triggering comparable to the
surge of the natural cycle and the elimination of OHSS.32 Once
LH was below 1 IU/L, hCG was recommended to be employed
based on our experiences (data unpublished). The viable
embryo rate per oocyte retrieved after trigger by hCG was
significant higher than that trigger by GnRH-a, which perhaps
was correlated with the significances in hormone profiles, and
other cycle characteristics of the 2 subgroups were comparable
in our study. These were the preliminary data and rigorous
researches, and further researches were needed to determine the
way for ovulation in such a novel regimen.

Compared with GnRH agonist and antagonists, Utrogestan
has the advantages of oral administration, user convenience, and
fee reduction. Nevertheless, a major limitation of our study is
the retrospective design of this study. In addition, the usage of
Utrogestan and trigger drugs (hCG and GnRH-a) was still
inexperienced, and all initial data were included in the study,
which may contribute to the bias.

This retrospective trial confirmed for the first time that the
oral delivery of Utrogestan is an effective way to block pre-
mature LH surges in normal ovulatory women undergoing IVF/
ICSI treatments, which may help establish a novel regimen of
COH in combination with embryo cryopreservation. Further
studies should be performed on large samples to confirm the
feasibility of this regimen and optimize this novel protocol in

Medicine � Volume 94, Number 21, May 2015
many perspectives such as the optimal dose of Utrogestan, the
time for delivery, the way for trigger, and the suitable popu-
lation.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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