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Purpose: To investigate whether progestin-primed ovarian stimulation (PPOS) can be an

alternative as gonadotrophin-releasing hormone agonist (GnRHa) long protocol for infertile

women with normal ovarian reserve during IVF/ICSI.

Methods: A prospective randomized controlled trial (RCT) including 257 patients was con-

ducted between 1 August 2017 to 1 January 2018. Computerized randomization was performed

to assign participants into two treatment groups at a 1:1 ratio: PPOS (130 patients) or GnRHa

long protocol (127 patients) followed by their first IVF/ICSI with fresh/frozen embryo transfer.

The primary outcome was the number of oocytes retrieved. Patients with normal ovarian reserve

undergoing their first IVF/ICSI procedure were included. The embryological and clinical out-

comes were measured. Only the first embryo transfer cycle was followed-up.

Results: Basic characteristics such as infertility duration, age, and body mass index (BMI)

were comparable in both groups. No significant difference was found in the number (mean ±

SD) oocytes retrieved [11.8 ± 6.5 for PPOS vs 11.3 ± 5.6 for GnRHa long protocol] or viable

embryos [4.5 ± 3.0 for PPOS vs 4.2 ± 2.9 for GnRHa long protocol] between the groups. No

patient from either group experienced a premature LH surge during the whole process of

ovarian stimulation. Besides, there was no moderate or severe ovarian hyperstimulation

syndrome during the ovarian stimulation in PPOS group while three patients suffered it in

the GnRHa long protocol group. There was no significant difference in the clinical pregnancy

rate of the first embryos transfer cycle between the two groups.

Conclusion: PPOS in combination with embryo cryopreservation as an ovarian stimulation

regimen was as effective as GnRHa long protocol during controlled ovarian stimulation (COH)

under different endocrinal mechanisms. It can also achieve comparable embryological and

clinical outcomes while reducing the incidence of moderate and severe ovarian hyperstimulation

syndrome (OHSS) and HMG dosage. It can be an alternative of the treatments for infertile

patients with normal ovarian reserve undergoing IVF as well as traditional protocols.

Trial Registration Number: ChiCTR-INR-17012089.

Trial Registration Date: Chictr.org.cn: 23 July 2017.

Date of First Patient’s Enrollment: 1 August 2017.

Keywords: medroxyprogesterone acetate, progestin-primed ovarian stimulation, premature

LH surge, ovarian stimulation, ovarian hyperstimulation syndrome

Introduction
The Gonadotrophin-releasing hormone agonist (GnRHa) long protocol presents the

best clinical pregnancy rates per cycle initiated among the various types of GnRHa

ovarian stimulation protocols in the IVF cycle.1 The major benefits of it include
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synchronisation of follicular development, the recovery of

a larger number of oocytes and improvement of the endo-

metrial thickness.2,3 The long protocol can be divided into

two types based on GnRHa administration that can be used

to lead to hypophysis desensitization: one consisting of

daily GnRHa low doses, and another with the administra-

tion of analogues in higher long-acting doses (depot).4

A typical regimen using a depot of long-acting GnRHa,

which we called the GnRHa-long protocol, was thought to

be more comfortable for patients as it makes fewer

applications,5 and more flexible to start the controlled

ovarian stimulation (COH). It still exists some weakness

of the long protocol of higher fees, more complicated

procedure and a higher risk of ovarian hyperstimulation

syndrome (OHSS) after hCG trigger.6

Since there is still an unmet need for ovarian stimula-

tion protocols with improved efficacy, safety profile, and

user convenience, new protocols like GnRH antagonist

protocols and mild stimulation protocols were proposed

in the last decade. Progestin-primed ovarian stimulation

(PPOS), which uses progestin combined with gonadotro-

phin, and ovulation co-triggered by a low dose of hCG and

a GnRH agonist,6,7 is also one of these new ovarian

stimulation protocols. This new regimen combined with

freeze-all strategy has been proved to get comparable

oocytes and embryos without a premature LH surge com-

pared to the short protocol.6 However, PPOS still needs

more randomized controlled trials (RCT) to confirm the

effect of it.

Being the first study comparing PPOS and GnRHa

long protocol, we conduct this RCT to analyze cycle

characteristics and endocrinological profiles for patients

undergoing their first COH cycle and investigate the

subsequent pregnancy outcomes of their first embryo

transfer cycles to explore whether the new ovarian sti-

mulation regimen can be an alternative as traditional

ones for infertile women with normal ovarian reserve

during IVF/ICSI.

Materials and Methods
We carried out a randomized controlled trial at the

Department of Assisted Reproduction of the Ninth

People’s Hospital, Shanghai JiaoTong University School

of Medicine from 1 August 2017 to 1 January 2018. The

trial was registered with the Chinese Clinical Trial

Registry (ChiCTR-INR-17012089). It was conducted

according to the Declaration of Helsinki for medical

research. The study was approved by the Ethics

Committee (Institutional Review Board) of the Ninth

People’ Hospital of Shanghai and informed consent was

obtained from all patients. All data were open to the public

and can be found in figshare (https://figshare.com/) using

the clinical trial registration number. The specific figshare

link is https://figshare.com/search?q=ChiCTR-INR

-17012089&searchMode=1.

Patient Selection
All patients undergoing their first IVF/ICSI cycles were

invited to participate in the trial during this period. Besides,

who had any IVF/ICSI cycles in other hospitals were also

excluded. The basic characteristics of the patients were

investigated to determine whether they were qualified to be

enrolled in the study before ovarian stimulation.Womenwho

meet the following criteria are included:1 age no older than

42,2 more than 5 antral follicles on the day 2–3 of

menstruation,3 basal serum follicle-stimulating hormone

(FSH) concentration of lower than 10 IU/L,4 never had any

IVF/ICSI cycles before. At the same time, patients were

excluded in this trial if they had an ovarian cyst under

transvaginal ultrasound with E2>100 pg/mL, were already

taking part in another clinical trial, or any contraindications

to ovarian stimulation treatment, diagnosis of polycystic

ovarian syndrome, endometriosis grade 3 or higher.

Sample Size and Randomization
This is a prospective noninferiority trial. Based on the

previous study, the number of oocytes retrieved was about

9.6 and the standard deviation was 4.2 in the GnRHa long

protocol.3 It was determined that 93 patients would be

required in each group to discover a significant difference

between the two regimens with a two-sided significance

level of 0.05 and 90% power. Given the possibility of

dropouts, we designed the study to include a total of 103

women in each group (206 in total) at least. Eligible volun-

teers were randomized using a computer-generated random

number to either treatment group; treatment allocation was

generated and then given to researchers in a sealed envelope

by an administration. Each patient was enrolled by

a physician. After signing the written informed consent

form, they were allocated to a specific treatment arm by

opening the sealed envelope.

Ovarian Stimulation and Embryo Culture
PPOS

Patients in the study group were given hMG (Anhui

Fengyuan Pharmaceutical Co, China) at a dose of 150 to
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225 IU/day and MPA (Beijing Zhong Xin Pharmaceutical,

China) 4mg/day from day 3 of menstruation, after ultra-

sound screen and blood test confirmed the presence of

a baseline hormone profile. The 150 IU daily hMG dose

was used for patients with high antral follicle count (AFC)

>20 or slightly elevated basal follicle-stimulating hormone

(FSH) (7–10 IU/L), for all other patients, a daily dose of

225 IU hMG was used. Follicular monitoring started on

menstruation cycle day (MC) 7 to 8 and was carried out

every 2 to 3 days by transvaginal ultrasound examination

to record the number of developing follicles. On the same

days, serum FSH, LH, E2, and P values were measured

using blood tests. hMG dosage would be adjusted accord-

ing to oestradiol concentrations and ovarian response. Our

previous work showed that co-triggering by a low dose of

hCG and GnRH-a 0.1 mg had a more favorable effect on

oocyte maturation than triggering by GnRH-a alone in the

MPA co-treatment with gonadotropin in the general infer-

tile women. So when 3 dominant follicles reached 18 mm

in diameter, the final stage of oocyte maturation was co-

triggered by Decapeptyl (0.1 mg) (Ferring International

Center SA, Germany) and hCG 1000IU (Lizhu

Pharmaceutical Trading Co, China). Transvaginal ultra-

sound–guided oocyte retrieval was conducted 34–36 hrs

after the trigger. All follicles with diameters of more than

10 mm were retrieved.8

The process of oocytes fertilization was carried out

in vitro, by conventional insemination or intracytoplas-

mic sperm injection, depending on semen quality.9 On the

third day, the degree of embryonic fragmentation, the

regularity and number of blastomeres of the embryos

were examined according to Cummins et al’s criteria.10

All the grade 1 and grade 2 8-cell embryos, which we

defined as good-quality embryos were frozen by vitrifica-

tion. The other embryos (non-top-quality embryos) were

extended cultured until the blastocyst stage. On day 5

or day 6, blastocysts with good-morphology were frozen.

The Cryotop carrier system (Kitazato Biopharma Co.)

was used for the vitrification of cleavage-stage embryos

and blastocysts. The cryoprotectant solution is mixed

with 0.5 M sucrose, 15% (v/v) dimethyl sulfoxide, and

15% (v/v) ethylene glycol. Solutions of 0, 0.5, and

1 M sucrose were sequentially used as cryoprotectant

dilutions for thawing. During the procedure of vitrifica-

tion and warming, all steps were performed at room

temperature except that the first warming step should be

conducted at 37°C.6

GnRHa-Long Protocol
In the GnRHa-long protocol, pituitary down-regulation

was obtained with a standard full dose (3.75 mg) of

Leuprorelin Acetate Microspheres (Lizhu Pharmaceutical

Trading Co, China) in the early follicular phase. Patients

came back to check whether they had met the criteria for

adequate suppression. The criteria for defining adequate

pituitary–ovarian suppression were: E2 < 40 pg/mL, P < 1

ng/mL, LH < 3 IU/L, a dense endometrium < 4 mm, and

the absence of any growing follicle > 6 mm. The COH was

postponed by 1 week if E2 was > 40 pg/mL and/or in case

of the presence of an ovarian anechoic image > 6 mm.

Controlled ovarian hyperstimulation (COH) was per-

formed by using hMG (Anhui Fengyuan Pharmaceutical

Co, China) at a dose of 150–225 IU/day as it was the first

stimulation cycle of all the patients. Follicular monitoring

started 7 or 8 days later and was performed every 2 to 3

days using a transvaginal ultrasound examination to record

the number of developing follicles. Serum FSH, LH, E2,

and P 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 by hCG 5000IU

(Lizhu Pharmaceutical Trading Co, China). Transvaginal

ultrasound-guided oocyte retrieval was conducted

34–36 hrs after the trigger. All follicles with diameters of

more than 10 mm were retrieved. Oocytes are fertilized

conventionally or by intracytoplasmic sperm injection.

Embryos were graded in the same way on the third day.

One or 2 good-quality embryos was/were transferred and

the procedure for freezing and thawing embryos was car-

ried out as previously described. Luteal phase support was

sustained with oral Duphaston (Abbott Biologicals B.V.,

America) 40 mg/day and soft vaginal P capsules

(Laboratoires Besins International) 200 mg two times

per day from the day of oocyte retrieval.

In patients who were not prepared adequately for fresh

embryo transfer (ET) due to high risk of OHSS, elevated

P on trigger day, unqualified endometrium, or some other

personal reasons, all highest quality embryos were frozen

by verification. Frozen-thawed embryo transfer (FET) was

performed for these patients later. In brief, natural FET

cycles were used for women with regular menstrual cycles

and letrozole was added for the cases with irregular men-

strual cycles. Endometrial preparation and FET were per-

formed in either a natural cycle or a stimulation cycle as

described elsewhere.11 Hormone treatment was
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recommended for patients with thin endometria as endo-

metrial preparation. From cycle day 3, red Fematon tablets

(including 2 mg micronized estradiol per tablet; Abbott

Healthcare Products B.V.) was administrated orally 2

tablets two times per day. Fourteen days afterwards,

when the endometrial lining was thicker than 8 mm

under transvaginal ultrasound, soft vaginal P capsules

(Laboratoires Besins International) were administered

200 mg two times per day and yellow Fematon tablets

(Abbott Healthcare Products B.V.) including 2 mg micro-

nized estradiol and 10 mg dydrogesterone per tablet were

also administered orally 2 tablets two times per day. The

transfer of Day 3 embryos was performed 3 days later

oocyte retrieved. Blastocysts transfer was arranged to be

carried out on the fifth day. Exogenous estrogen and pro-

gesterone supplement lasted until 10 weeks of gestation if

pregnancy was achieved.

Hormone Measurement
Serum concentration of sex hormone (FSH, LH, E2, and

P) were measured on MC3 (the start day of the stimulation

cycle), MC 7–8 (after 4–5 days of stimulation), MC 9–11

(after 6–8 days of stimulation), trigger day (injection of

GnRHa and/or hCG), and the day after trigger day

(approximately 10 hrs after trigger). Chemiluminescence

(Abbott Biologicals B.V.) was used to measure the hor-

mone values. The lower limits of the hormone measure-

ment were as follows: LH=0.09 IU/L, FSH=0.06 IU/L,

P=0.1 ng/mL, and E2=10 pg/mL. The E2 level was

recorded as 5000 pg/mL if it was higher than that.

Outcome Measures
The primary outcome measurement for this study was the

number of oocytes retrieved. The secondary measures

included the duration and dosage of hMG, hormone mea-

surements, fertilization rate, number of viable embryos

(eight-cell embryos, grade 1 and grade 2 embryos on

day3 after oocyte retrieval and day 5 or 6 blastocysts

with good morphology derived from the non-standard

embryos on the third day) per oocyte retrieved, cycle

cancellation rate, incidence of moderate and severe

OHSS, and pregnancy outcomes of the first FET cycle.

No viable embryos after COH was defined as a cycle

cancellation. Implantation rate was the ratio of the number

of gestational sacs to the number of embryos transferred.

The definition of clinical pregnancy is the existence of

a gestational sac whether there is a fetal heart activity or

not under transvaginal 4 weeks after embryo transfer. The

spontaneous abortion rate was defined as the number of

patients with spontaneous loss before 12 weeks gestation

divided by those with a clinical pregnancy. Cumulative

pregnancy was defined as the total number of pregnancy

using multiple embryo transfers.

Statistical Analysis
All data were processed by SPSS 22.0 (IBM SPSS

Statistics, IBM Corporation, USA). All patients being

randomized were involved in the intent-to-treat analysis.

Normal distribution of quantity variables was tested by

Shapiro–Wilk test of normality. Values are reported as

mean (standard deviation (SD)) for distributed variables.

Continuous variables were compared via Student’s t-tests

if the normality assumption was true; otherwise, the

Kruskal–Wallis test was applied. Proportions were com-

pared using the Fisher’s exact test or the chi-square test

when appropriate. A P-value of 0.05 was considered sta-

tistically significant.

Results
In total, 260 patients were enrolled in this trial. One

hundred and thirty of them were allocated to the PPOS

group and 130 to the GnRHa-long group. A Consolidated

Standards of Reporting Trials (CONSORT) flow diagram

is shown in Figure 1. At the end of the study, a total of 257

women completed oocyte retrieval cycles, and 237 women

completed ET/FET cycles. The basic characteristics of the

patients in the study are presented in Table 1. Patient age,

body mass index and infertility duration were similar

between the two groups (P>0.05). There were no differ-

ences in the insemination method of patients in two

groups. Table 2 describes the clinical and cycle character-

istics of COH treatment in both groups. No statistically

significant difference was found in the AFC on the

first day of gonadotropin stimulation and the number of

follicles over 14 mm in diameter in the two groups. The

stimulation duration (9.1±1.3 versus 11.9±2.3 IU, P=0.00)

and hMG dose (2027.9±333.9 versus 2672.8±599.5IU,

P=0.00) in the study group were significantly lower than

those in the control group. No patients suffered

a premature LH surge in either group. No one experienced

moderate or severe OHSS in the study group, while three

patients did in the GnRHa long protocol group (P=0.24).

The number of oocytes retrieved in the PPOS group had an

increasing trend compared to GnRHa long group (11.8±6.5

versus 11.3±5.6; P=0.81), but there was no significant

difference. No significant differences were found in the
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Assessed for 

eligibility(n=286)

Randomized(n=260)

PPOS(n=130) GnRHa-long protocol (n=130)

Excluded(n=26)

• Not meeting inclusion 

criteria(n=4)

• Declined to participate(n=22)

Oocyte retrieve(n=130) Oocyte retrieve(n=127)

Viable embryos(n=122) Viable embryos(n=121)

FET1(n=115) ET(n=98)

Positive hCG(n=68) Positive hCG(n=75)

FET1(n=23)

First embryo 

transfer

Ongoing pregnancy(n=59) Ongoing pregnancy(n=61)Follow-Up

• Oocyte pick-up cycles 

(n=130)

• First FET cycle(n=115)

• Total embryo transfer 

cycles(n=160)

• Oocyte pick-up cycles 

(n=127)

• First FET cycle(n=121)

• Total embryo transfer 

cycles(n=156)

Analysis

No viable embryos(n=8)

• No fertilized oocyte(n=1)

• Although fertilized, but not 

cleavage(n=1)

• Although fertilized and 

cleavage but no embryo 

available(n=6)

No viable embryos(n=6)

• No fertilized oocyte(n=2)

• Although fertilized, but not 

cleavage(n=1)

• Although fertilized and 

cleavage but no embryo 

available(n=3)

Did not transfer embryo of this 

cycle(n=7)

• Did not complete transfer 

embryos within follow up 

period(n=3)

• Pregnancy by transferring 

embryos of other cycle 

because of personal 

reasons(n=4)

Cancel fresh embryo 

transfer(n=23)

• High risk of OHSS or 

moderate/severe OHSS 

(n=19)

• Elevated P level(n=1)

• Due to other personal 

reasons(n=3)

Exclude(n=3)

• Withdrawn(n=1)

• Not-eligible(n-2)

Figure 1 A flow chart of the patient allocation in an RCT of PPOS versus GnRHa-long protocol.

Abbreviations: PPOS, progesterone-primed ovarian stimulation; MPA, medroxyprogesterone acetate; ET, fresh embryo transfer; FET, frozen embryo transfer.
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number of fertilized embryos, top-quality embryos and

viable embryos between the two groups (P>0.05). The

oocyte retrieval rate, mature oocyte rate, fertilization rate,

and cleavage rate were also comparable between the

patient cohorts. Eight women had poor-quality embryos

or no fertilized oocytes in either group (Table 3). Figure 2

and Table 4 present the serum concentrations of FSH, LH,

E2, and P in both groups. The endocrine characteristics on

the first day of gonadotropin stimulation were significantly

higher in the PPOS group as pituitary down-regulation was

obtained in the GnRHa-long protocol. FSH concentration

increased significantly after administrating hMG and kept

steady until the trigger day in the two groups. On the day

after the trigger, FSH increased in the PPOS group but

decreased in the GnRHa-long group.

In the PPOS group, the LH levels decreased gradually

during the controlled ovarian stimulation, and the basal

LH value was significantly higher than the average LH

values on the trigger day (P<0.01). However, the LH value

increased significantly to 50.88±20.55 IU/L 10 hrs after

the trigger. Meanwhile, the LH level increased slowly all

the way during the stimulation, and the average LH level

on the trigger day was significantly higher than that on the

first day of stimulation (P<0.01) in the control group.

Serum E2 values showed a gradual increase accompa-

nying the growth of follicles during ovarian stimulation in

both group and the average E2 level was significantly

higher in the PPOS group than that in the GnRHa-long

group all the time during the stimulation (P<0.05). We also

analysed the E2 level per matured oocytes and it turned to

be significantly higher in the PPOS group than the control

group (443.3±372.6 versus 377.6±231.3, P<0.05).

P levels remained low during ovarian stimulation until

the day of trigger and increased significantly after trigger

(P<0.05) in the two groups. The average P level was

significantly higher in the PPOS group (0.3±0.2 versus

Table 1 The Basic Characteristics of Women Undergoing IVF/ICSI Treatment in the Two Ovarian Stimulation Groups

Baseline Characteristics Study Group

(PPOS; n=130)

Control (GnRHa-Long Protocol; n=127) P value

Age(years), mean(SD) 31.4(4.0) 31.6(4.2) 0.81

BMI(kg/m2), mean(SD) 21.5(2.5) 21.49(2.7) 0.86

Duration of infertility(years), mean(SD) 2.9(2.5) 2.97(2.5) 0.64

Primary infertility, n(%) 54.6%(71/130) 46.5%(59/127) 0.19

Insemination method 0.73

IVF 91 84

ICSI 19 23

IVF+ICSI 20 20

Note: The differences were considered statistically significant when the p-value was less than 0.05.

Abbreviations: BMI, body mass index; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection.

Table 2 The Cycle Characteristics of Controlled Ovarian Stimulation in Two Regimens

Characteristic Study Group

(PPOS; n=130)

Control Group (GnRHa-Long

Protocol; n=127)

P value

AFC on 1st day of stimulation, mean(SD) 12.3(4.6) 11.7(5.0) 0.35

>10 mm follicles on hCG

administration day, mean(SD)

13.7(6.2) 14.7(7.1) 0.28

>14 mm follicles on hCG

administration day (n), mean(SD)

10.2(5.7) 10.6(6.5) 0.95

hMG duration, mean(SD) 9.1(1.3) 11.9(2.3) 0.00

hMG dose, mean(SD) 2027.9(333.9) 2672.8(599.5) 0.00

Incidence of premature LH surge (%) 0/130 0/127

Moderate or severe OHSS (%) 0%(0/130) 2.36%(3/127) 0.24

Note: The differences were considered statistically significant when the p-value was less than 0.05.

Abbreviations: AFC, antral follicle count; LH, luteinizing hormone; OHSS, ovarian hyperstimulation syndrome.
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0.2±0.1, P<0.05) on the start day of hMG while they were

comparable on the trigger day between the two groups

(P>0.05).

During the 5 months of the trial follow-up, 236 patients

of both groups completed their first embryo transfer cycles

(Table 5). One hundred and fifteen patients with viable

embryos underwent their first frozen-thawed embryo trans-

fer in the study group. All the 121 women in the control

group finished their first embryo transfer cycle, including

98 fresh embryo transfer cycles and 23 FET cycles. The

rate of viable frozen-thawed embryos was 100% (235/

235). In total, nine patients in the study group and seven

patients in the control group had a single embryo transfer.

Meanwhile, 106 patients in the study group and 114 ones

in the control group had a double embryo transfer, and no

difference was found between two groups (P = 0.53). The

clinical pregnancy rate per transfer was 56.5% (65/115) in

the PPOS group, in contrast with 57.0% (69/121) in the

GnRHa long group (P=0.94). The endometrial thickness

was significantly thinner in the study group (11.5±2.4

versus 12.3±2.6, P=0.02) while using different endome-

trium preparations. Patients who had early miscarriages

are fewer in the study group compared with that in the

control group but did not reach statistical significance

(4.6% versus 8.7%, P=0.55). The multiple pregnancy rate

was similar between the two groups (27.7% versus 30.4%,

P=0.73). There was one woman in the study group who

had an intrauterine and ectopic pregnancy, she had surgery

to deal with the ectopic one and had ongoing pregnancy

with the intrauterine one till the end of the study. The

implantation rate of embryos from the two groups

appeared to be similar (38.0% versus 39.2%, P=0.80).

This implied that the embryos shared comparable devel-

opment potential in the two groups.

Twenty-three women who cancelled fresh embryo

transfer in the GnRHa-long group transferred frozen ones

for the first embryo transfer cycle. Meanwhile, 115 women

with viable embryos underwent their first frozen-thawed

embryo transfer in the PPOS group. The pregnancy out-

comes of the first FET cycles originating from the two

groups are presented in Table 6. Since we used similar

regimens to did endometrial preparation in both groups for

FET cycles, the endometrial thickness was comparable

(P=0.53). There was also no significant difference in the

pregnancy outcomes including implantation rate (38.0%

versus 48.9%, P=0.17), clinical pregnancy rate (56.5%

versus 69.6%, P=0.25), early miscarriage rate (4.6% ver-

sus 12.5%, P=0.26) and ongoing pregnant rate (51.3%

versus 56.5%, P=0.65).

Discussion
This is the first randomized controlled trial comparing

PPOS (combination of hMG and MPA) and GnRHa long

protocol in IVF/ICSI cycles. The cycle characteristics and

clinical efficiency of the two protocols were explored. The

result of this study shows that PPOS can achieve

a comparable number of oocyte retrieved to GnRHa long

protocol while using less HMG dosage. Furthermore, there

was no moderate and severe OHSS in the study group but

three in the control protocol. The similar clinical outcomes

of their first ET/FET cycles indicate that the embryos

derived from PPOS had identical developmental potential

Table 3 The Embryological Outcomes of Controlled Ovarian Stimulation in Two Regimens

Characteristic Study Group

(PPOS; n=130)

Control Group (GnRHa-Long

Protocol; n=127)

P value

Oocytes retrieved, mean(SD) 11.8(6.5) 11.3(5.6) 0.81

MII oocytes, mean(SD) 10.3(5.8) 10.1(5.2) 0.95

Fertilized oocytes, mean(SD) 9.1(5.6) 9.0(5.2) 1.00

Cleaved embryos, mean(SD) 8.0(4.8) 7.5(4.5) 0.47

Top-quality embryos, mean(SD) 3.9(3.0) 3.4(2.5) 0.19

Viable embryos, mean(SD) 4.5(3.0) 4.2(2.9) 0.25

Oocyte retrieval rate (%) 71.3%(1534/2151) 68.6%(1430/2085) 0.05

Mature oocyte rate (%) 87.3%(1339/1534) 89.3%(1277/1430) 0.09

Fertilization rate (%) 77.3%(1186/1534) 79.8%(1141/1430) 0.10

Cleavage rate (%) 97.5%(1035/1062) 96.5%(948/982) 0.22

Viable embryo rate per

oocyte retrieved (%)

38.2%(586/1534) 37.5%(536/1430) 0.69

Cancellation rate (%) 6.2%(8/130) 4.7%(6/127) 0.61

Note: The differences were considered statistically significant when the p-value was less than 0.05.
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compared to those from the GnRHa long protocol. All of

these suggest that PPOS could be an appropriate alterna-

tive like GnRHa long protocol in young normogonadotro-

pic women undergoing IVF.

The results showed that no statistically significant dif-

ference was noted in the number of oocytes retrieved, the

number of top-quality embryos, and the rate of viable

embryo rate per oocyte retrieved in the two groups.

However, a short duration of gonadotropin stimulation

and a lower total amount of HMG are required in the

PPOS group. This may have a relation with the FSH and

E2 levels, which were always higher than that in the

control group in the PPOS group during the entire process

of ovarian stimulation. The same trend also reflected on

the LH concentration. These findings are in agreement

with those of previous studies that compared PPOS with

the short protocol.6,12,13 The results suggest that using

progesterone during ovarian stimulation may have
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Figure 2 Concentrations of FSH, LH, E2, and P in the two groups during controlled ovarian stimulation.

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2estrogen; P, progesterone.
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a weaker ability to suppress the HPO axis than GnRH

agonist. One possible reason for this phenomenon is

related to the different mechanisms to suppress the LH

surge of the two protocols during COH. However, the

mechanism underlying the process of progesterone block-

ing the LH surge in females still remains to be explored.

Table 4 Hormone Profiles During Ovarian Stimulation in the Two Groups

Characteristic Study Group

(PPOS; n=130)

Control Group (GnRHa-

Long Protocol; n=127)

P value

Hormones on 1st day of stimulation

FSH(IU/L), mean(SD) 5.8(1.2) 2.9(1.4) 0.00

LH(IU/L), mean(SD) 3.6(1.4) 0.4(0.3) 0.00

E2(IU/L), mean(SD) 39.1(16.5) 15.0(6.3) 0.00

P(IU/L), mean(SD) 0.3(0.2) 0.2(0.1) 0.00

Hormones on trigger day

FSH(IU/L), mean(SD) 16.4(4.6) 15.0(3.6) 0.03

LH(IU/L), mean(SD) 1.9(1.0) 0.7(0.5) 0.00

E2(pg/mL), mean(SD) 3639.6(1302.8) 3297.5(1506.5) 0.07

P(ng/mL), mean(SD) 0.7(0.4) 0.8(0.6) 0.62

E2 per >10mm follicles, mean(SD) 284.2(92.6) 229.2(74.5) 0.00

E2 per >14mm follicles, mean(SD) 409.2(174.6) 356.5(163.9) 0.01

E2 per MII oocytes, mean(SD) 443.3(372.6) 377.6(231.3) 0.02

Note: The differences were considered statistically significant when the p-value was less than 0.05.

Abbreviations: FSH, follicle-stimulating hormone; LH, luteinizing hormone; E2, estrogen; P, progesterone.

Table 5 Pregnancy Outcomes of the First ET/FET Cycles Originating from the Two Regimens

Study Group

(PPOS)

Control Group

(GnRHa-Long Protocol)

P value*

Patients(n) 115 121

ET/FET cycles(n) 115 121

Embryo before thawed 221 235

Viable embryo after thawed 221 235

Transferred embryos per cycle, mean(SD) 1.9(0.3) 1.94(0.2) 0.53

Single embryo transfer, n (%) 9(7.8) 7(5.8) 0.53

Double embryo transfer, n (%) 106(92.2) 114(94.2)

Endometrial preparation (n) 0.00

GnRHa long protocol 0 98

Natural cycle 32 4

Mild stimulation 78 17

Hormone replacement therapy 5 2

Endometrial thickness(mm), mean(SD) 11.5(2.4) 12.25(2.6) 0.02

Pregnancy outcome(%)

Biochemical pregnancy rate per transfer 59.1%(68/115) 62.0%(75/121) 0.65

Clinical pregnancy rate per transfer 56.5%(65/115) 57.0%(69/121) 0.94

Implantation rate 38.0%(84/221) 39.2%(92/235) 0.80

Early miscarriage rate 4.6%(3/65) 8.7%(6/69) 0.55

Multiple pregnancy rate 27.7%(18/65) 30.4%(21/69) 0.73

Ectopic pregnancy rate 3.1%(2/65) 2.9%(2/69) 1.00

Intrauterine and ectopic pregnancy rate 1.5%(1/65) 0%(0/69) 0.49

Ongoing pregnant rate per transfer 51.3%(59/115) 50.4%(61/121) 0.89

Note: *The differences were considered statistically significant when the p-value was less than 0.05.

Abbreviations: ET, fresh embryo transfer; FET, frozen embryo transfer.
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Ovarian hyperstimulation syndrome (OHSS) is the

most important iatrogenic complication of exogenous

gonadotropin therapy used for assisted reproductive

treatments.14 It always presents early onset (3–7 days

after hCG administration in susceptible patients) or late-

onset (during early pregnancy, 12–17 days after hCG

administration).15 Another highlight of this study is that

none of the patients went through moderate and severe

OHSS in the study group, which showed the same result

with our previous studies.6,12,13 However, there were three

women in the GnRHa long group suffered moderate and

severe OHSS. In this trial, PPOS was a protocol in com-

bination with “freeze-all strategy”, and we cancelled the

fresh embryo transfer of the women who were at high risk

of OHSS in the GnRHa long protocol. These effectively

prevented the patients from late OHSS, which is induced

by endogenous hCG from the early pregnancy.16

Accordingly, early OHSS, which is classically thought to

be a consequence of exogenous hCG administration used

to triggering oocyte maturation,16 is considered to be the

main concern. In the study group, we used a dual trigger of

a low dose of hCG (1000IU) with GnRH-a to avoid a poor

response of the HPO axis, as it was shown to have

a beneficial effect on the maturity of oocytes in this

regimen.6,7 However, a high dose of hCG (5000IU),

which was shown to be the recommended minimum dose

of hCG considering safety and effectiveness,17 was used

for trigger in GnRHa long protocol group. Therefore, we

thought that this is the main cause of the higher incidence

of moderate and severe OHSS in the control group.

PPOS is an ovarian regimen based on a high progester-

one circumstance during COH, which has a negative impact

on endometrium receptivity. Embryos obtained from PPOS

thus require total freezing and delayed transfer after thawing

instead of fresh transfer. On the contrary, we did a fresh

embryo transfer as the first choice in the GnRHa long pro-

tocol group. However, for those who were at high risk of

OHSS, had an elevated P on the trigger day or other personal

reasons, we cancelled the fresh transfer and cryopreserved

all the embryos for frozen transfer later. Therefore, we

observed and analyzed the first embryo transfer cycle of

both groups, and the result showed that the clinical

Table 6 Pregnancy Outcomes of the First FET Cycles Originating from the Two Groups

Outcome Study Group

(PPOS)

Control Group

(GnRHa-Long Protocol)

P value

Patients(n) 115 23

ET/FET cycles(n) 115 23

Embryo before thawed 221 45

Viable embryo after thawed 221 45

Transferred embryos per cycle(n) 1.9(0.3) 2.0(0.2) 0.56

Single embryo transfer, n (%) 9(7.8) 1(4.3) 0.88

Double embryo transfer, n (%) 106(92.2) 22(95.7)

Endometrial preparation (n) 0.45

Natural cycle 32 4

Mild stimulation 78 17

Hormone replacement therapy 5 2

Endometrial thickness(mm) 11.5(2.4) 11.0(1.8) 0.53

Pregnancy outcome(%)

Biochemical pregnancy rate per transfer 59.1%(68/115) 69.6%(16/23) 0.35

Clinical pregnancy rate per transfer 56.5%(65/115) 69.6%(16/23) 0.25

Implantation rate 38.0%(84/221) 48.9%(22/45) 0.17

Early miscarriage rate 4.6%(3/65) 12.5%(2/16) 0.26

Multiple pregnancy rate 27.7%(18/65) 37.5%(6/16) 0.64

Ectopic pregnancy rate 3.1%(2/65) 6.3%(1/16) 0.49

Intrauterine and ectopic pregnancy rate 1.5%(1/65) 0.0%(0/16) 1.00

Ongoing pregnant rate per transfer 51.3%(59/115) 56.5%(13/23) 0.65

Note: The differences were considered statistically significant when the p-value was less than 0.05.

Abbreviations: ET, fresh embryo transfer; FET, frozen embryo transfer.
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pregnancy rate, ongoing pregnancy rate and implantation

rate were all similar between the two groups. To exclude

the effects of different endometrium preparations, results of

the first frozen embryos transfer cycles of the patients who

cancelled fresh transfer in the GnRHa long protocol group

and the ones in the PPOS group who did frozen embryos

transfer originally were also compared in our trial (Table 6).

No difference was found in clinical pregnancy rate, implan-

tation rate and ongoing pregnancy rate between the two

groups. Consequently, it is reasonable to believe that

embryos derived from PPOS had equal developmental

potential as those originating from the GnRHa long protocol.

At present, research about the safety of PPOS is lim-

ited. Our previous study demonstrated that high progester-

one level did not appear to have a detrimental role in

oocytes and embryos.6,12 Although MPA was contraindi-

cated in human pregnancy, a study following up 1893 live-

born infants born from HMG+MPA treatment found that it

did neither compromised neonatal outcomes nor increase

the prevalence of congenital malformations compared with

short protocol and mild ovarian stimulation.18 In contrast,

the GnRHa long protocol has been generally reorganized

and extensively used worldwide for IVF treatment.

A weakness of the study is that the physician and

patients were not blinded to the trial. Moreover, at the

end of the study, there were still some people who had

not finished their first embryo transfer cycle. It would be

better if the live-birth rates were observed in the follow-up

period and the result could be demonstrated.

Conclusion
This RCT showed that PPOS in combination with embryo

cryopreservation as an ovarian stimulation regimen was as

effective as GnRHa long protocol during COH under

different endocrinal mechanism. It can also achieve com-

parable embryological and clinical outcomes while redu-

cing the incidence of moderate and severe OHSS and

HMG dosage. MPA has the advantages of an oral admin-

istration route, easy access, more control over LH levels. It

can be an alternative to the treatments for infertile patients

with normal ovarian reserve undergoing IVF.
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