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hormone dosage before human chorionic
gonadotropin trigger on in vitro fertilization
outcomes
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Abstract

Objective To determine whether a reduced dose of follicle-stimulating hormone (FSH) before human chorionic
gonadotropin (hCG) trigger during ovarian stimulation can affect in vitro fertilization (IVF) outcomes.

Methods This study included 347 patients with a normal ovarian response who received a reduced dose of FSH
before hCG trigger for 2-3 days (Group A) and 671 patients who did not receive a reduced dose (Group B) from a
university-affiliated IVF center between January 2021 and December 2022. The primary endpoint was estrogen (E2)
and progesterone (P) levels on the day of hCG trigger, fresh embryo transfer cycles, laboratory outcomes, and clinical
outcomes between the two groups.

Results On the day of hCG trigger, Group A had significantly lower E2 and P levels than those in Group B
(3454.95+1708.14 pg/mL versus 3798.70+ 1774.26 pg/mL, p=0.003; and 1.23+0.53 ng/mL versus 1.37+0.59 ng/

mL, p <0.001, respectively). The proportion of patients with P levels > 1.5 ng/mL was 22.48% in Group A compared

t0 34.58% in Group B (p <0.001), while the proportion of patients with E2 >5000 pg/mL was 15.27% in Group A
compared to 25.93% in Group B (p <0.001). The fresh embryo-transfer cycle rate in Group A was higher than that in
group B (54.47% and 32.64%, respectively; p <0.001). Despite the reduction in FSH dosage, there were no significant
differences between groups regarding the number of oocytes retrieved, total number of mature oocytes, normal
fertilization rate, cleavage rate, Day 3 top-quality rate, implantation rate, pregnancy rate per cycle, and early pregnancy
loss rate.

Conclusion While a reduced dose of FSH prior to hCG trigger during ovarian stimulation did not significantly affect
IVF outcomes, it was associated with lower E2 and P levels, resulting in fewer cycles with E2 > 5000 pg/mL and P> 1.5
ng/mL on the day of the hCG trigger.
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Introduction
Frozen embryo transfer (FET) is a widely used method
with several advantages. It has a lower risk of ovarian
hyperstimulation syndrome (OHSS) [1, 2], provides a
favorable intrauterine environment for embryo implan-
tation and placentation by avoiding supra-physiologic
hormonal levels after ovarian stimulation [3, 4], and can
improve pregnancy and live birth rates compared to fresh
embryo transfer [5, 6]. However, there are also complica-
tions, including an increased risk of macrosomia, large
for gestational age, and preeclampsia [6—9]. Moreover,
fresh embryo transfers may shorten the embryo transfer
time and is more cost-effective; therefore, it is the most
common and recommended practice in most in vitro
fertilization (IVF) units in China. Increased serum pro-
gesterone (P) levels may occur in the late follicular phase
during ovarian stimulation with gonadotropin-releasing
hormone (GnRH) agonist and antagonist protocols in
approximately 35% and 38% of women, respectively [10,
11]. This may be detrimental to successful IVF implan-
tation as it advances endometrial histology and impairs
endometrial receptivity [11-14]. Bosch et al. (2003) dem-
onstrated a decrease in ongoing pregnancy rates with
serum P levels>1.5 ng/mL on the day of human chori-
onic gonadotropin (hCG) administration. Moreover,
distinct differences in endometrial gene expression have
been found in patients with increased serum P levels on
hCG administration [13, 15]. Additionally, high levels
of estrogen (E2) have been associated with OHSS [16].
Kyrou et al. (2012) previously demonstrated that patients
with high E2 level also have high P levels [17]; hence, P
levels>1.5 ng/mL or E2 levels above 5000 pg/mL, indi-
cate that embryos should be frozen after oocyte retrieval.
Underlying mechanisms for increased E2 and P levels
during the follicular phase and their roles in reducing
pregnancy rates are unclear. Some studies have shown
that synthesis of P through preovulatory follicles is stim-
ulated by the follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) [18]. To prevent increased E2
and P level, methods, including a different gonadotro-
pin [19], double GnRH antagonist dose (0.25 mg/12 h)
the day before hCG administration [20], and step-down
FSH dosage during ovarian stimulation have been sug-
gested [21]. Ozgur et al. (2017) treated the granulosa
cells in vitro with recombinant FSH (r-FSH); FSH signifi-
cantly increased the P and E2 protein expressions [18].
Additionally, patients with more follicles and oocytes
have been found to possess higher P levels [22, 23].
Thus, gonadotropin stimulation or the degree of ovarian
stimulation may have significantly impacted the P levels
before hCG trigger. However, Barbara et al. revealed that

a step-down approach of daily 12.5 international units
(IU) of r-FSH did not significantly reduced the P levels on
the day of hCG trigger, but was associated with the total
gonadotropin-stimulation dosage [21].

To our knowledge, there are few studies on the step-
down of FSH dosage during ovarian stimulation in
patients showing a normal ovarian response, except for
those with OHSS [24, 25]. This study aimed to com-
pare the IVF outcomes, E2 and P levels on hCG trigger
between patients showing a normal ovarian response
and those administered a reduced FSH dose (50—-100 IU)
before hCG trigger, and patients without a reduced dose.

Materials and methods

Study design and participants

This retrospective cohort study analyzed the medical data
of patients who received a reduced dose of FSH (50-100
IU) before hCG trigger for 2—3 days against those who
did not receive a reduced dose between January 2021 and
December 2022 in our center. The exclusion criteria were
as follows: [1] patients with pre-implantation genetic
testing cycles; [2] age>35 years; [3] anti-Miillerian hor-
mone (AMH)>4.0 pg/L or <1.1 pg/L; [4] antral follicle
counts (AFC)>15 or <5, basal FSH>10 U/L; [5] body
mass index (BMI)>30; [6] congenital or acquired uterine
malformations; [7] endometriosis; [8] abnormal results
on parental karyotyping; and [9] medical conditions
that contraindicated assisted reproductive technology or
pregnancy. Only healthy patients with a normal ovarian
response were included in this study. Our final cohort
included 347 patients showing a normal ovarian response
with a reduced dose of FSH before hCG trigger for 2—-3
days (Group A) and 671 patients without a reduced dose
of FSH (Group B).

Ethical approval

This study was approved by the Ethics Committee of
Zhongshan Boai Hospital (KY-2023-04-02). Informed
consent was obtained from the enrolled patients.

Patient treatment

Standard controlled ovarian stimulation protocols were
utilized. The patients were briefly treated with either the
GnRH agonist or GnRH antagonist protocol for ovula-
tion induction. Ovarian stimulation was performed using
r-FSH (Gonal-F, Merck-Serono, Geneva, Switzerland) in
combination with a GnRH agonist (Triptorelin Acetate,
Ipsen Pharma Biotech, France) or a GnRH antagonist
(Cetrorelix Acetate, Merck-Serono, Geneva, Switzer-
land). Initial doses were based on previous recommenda-
tions by the European Society of Human Reproduction
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Table 1 Demographic information of the patients from the two
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groups

Variable Group A (347) Group B (671) P-value
Age (years) 30.76+2.75 3045+258 0.064
BMI (kg/mz) 21.84+362 21.50+£3.38 0.136
AFC 10.50+£257 10.65+247 0352
Duration of stimula-  10.79+145 10.68+1.44 0.230
tion (days)

Total gonadotrophin  2619.95+601.53  2685.55+683.73  0.116
dose

AMH 258+0.75 265+0.73 0.119
Basal FSH 7.45+1.39 739+1.36 0.550
Basal E2 40.16+29.17 4041+£31.72 0.900
Basal P 0.58+0.50 0.64+0.92 0.276
Number of abortions  0.45+0.82 044+0.74 0.936
Infertility type 0.981
Primary infertility 4553% (158/347)  45.45% (305/671)
Secondary infertility  54.47% (189/347)  54.55% (366/671)
Stimulation 0495
protocols

Antagonist protocol  25.94% (90/347) 23.99% (161/671)

Agonist protocol 74.06% (257/347)  76.01% (510/671)
Endometrium the 10.56+2.19 10.78+2.24 0.129
day of the hCG

trigger

Abbreviations: hCG, human chorionic gonadotropin; E2, estrogen; P,
progesterone; AMH, anti-Miillerian hormone: BMI, body mass index; FSH,
follicle-stimulating hormone. AFC: Antral Follicle Counting

and Embryology (ESHRE) and regulated according to
AFC, age, BMI, AMH, and basal FSH levels [26]. When
the follicles reached a mean diameter of approximately
15 mm, a reduced dose of FSH (50 IU-100 IU) was given
before the hCG trigger for 2-3 days in Group A. Group
B did not receive a reduced dose. Additionally, hCG or
GnRH agonist was administered when at least three lead-
ing follicles reached a mean diameter of 218 mm. Trans-
vaginal oocyte retrieval was scheduled about 36 h later.

Table 2 Laboratory outcomes of the patients from the two groups
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Embryo transfer

Fresh embryos were transferred on Day 3 or 5 except in
case of: [1] serum P was >1.5 ng/mL or E2>=5000 pg/mL
on the trigger day; [2] endometrial thickness<7 mm on
the trigger day; and [3] endometrial abnormalities. P was
administered after oocyte retrieval for daily fresh embryo
transfer cycles. A maximum of two embryos were trans-
ferred on Day 3 or 5 after oocyte retrieval. Embryos were
transferred under the guidance of a trans-abdominal
ultrasound. Luteal support was given for approximately
10 weeks after oocyte retrieval.

Outcome measures

Hormone levels, including E2 and P, on the trigger day
of hCGand the proportion of patients with P levels>1.5
ng/mL and thosewith E2>5000 pg/mL were recorded.
Laboratory outcomes included the number of oocytes
retrieved, number of metaphase II (MII) oocytes, nor-
mal fertilization rate, cleavage rate, and the good quality
embryo rate on Day 3. The clinical outcomes included
the number of fresh embryo transfer cycles, implantation
rate, clinical pregnancy rate per cycle transfer, and mis-
carriage rate per pregnancy.

Statistical analyses

Data were presented as the means*standard deviations.
When the data distribution passed the normality test,
the data of the two experimental groups were compared
using the 2-tailed Student t-test (age, BMI, AFC, dura-
tion of stimulation, total gonadotrophin dose, AMH,
basal FSH, E2, P, number of abortions, endometrium the
day of the hCG trigger [Table 1]; P and E2 on the day of
hCG trigger, number of oocytes retrieved, number of
MII oocytes [Table 2]; embryo transfer [Table 3]. The
chi-square test was used to analyze the fertilization rate,
clinical pregnancy rate, and other data (infertility type,
stimulation protocols [Table 1]; P>1.5 ng/mL, E2>5000

Outcome Group A (347) Group B (671) P-value

P on the day of hCG trigger 1.23+£053 1.37+£0.59 0.000

E2 on the day of hCG trigger 345495+1708.14 3798.70+1774.26 0.003

P>1.5ng/mL 22.48% (78/347) 34.58% (232/671) 0.000

E2>5000 pg/mL 15.27% (53/347) 25.93% (174/671) 0.000

No. of oocytes retrieved 10.59+4.83 10.64+4.62 0.872

No. of MIl oocytes 940+4.57 9.56+4.46 0.586

Fertilization rate, n (%) IVF ICSI IVF ICSI IVF ICSI

P p

64.49% 80.30% 66.09% 81.31% 0.157 0.539
(1712/2655) (685/853) (3341/5055) (1470/1808)

Cleavage rate, n (%) 98.41% 98.82% 0.160
(2359/2397) (4754/4811)

Day 3 top-quality rate, n (%) 62.02% 63.04% 0.420
(1464/2359) (2997/4754)

Abbreviations: hCG, human chorionic gonadotropin; E2, estrogen; P, progesterone; IVF, in vitro fertilization; ICSI, intracytoplasmic sperm injection; MIl: metaphase II.
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Table 3 Clinical outcomes of the patients from the two groups
Abbreviation: ET, embryo transfer; SD, standard deviation

Outcome Group A (347) Group B (671) P
Fresh ET cycles 54.47% 32.64% 0.000
(189/347) (219/671)

ET (mean +SD) 1.07+0.25 1.09+0.28 0.502
Implantation rate, n (%) 43.56% 37.82% (90/238) 0.221
(88/202)

Pregnancy rate per cycle, 44.44% 38.36% (84/219) 0.213

n (%) (84/189)
Early pregnancy loss, n (%) 8.33% (7/84) 11.90% (10/84) 0443

pg/mL, fertilization rate, cleavage rate, Day 3 top-quality
rate [Table 2]; fresh ET cycles, implantation rate, preg-
nancy rate per cycle, early pregnancy loss [Table 3].
P<0.05 was considered statistically significant.

Results

Demographics outcomes

No significant differences were found regarding the mean
age of the patients, BMI, AFC, AMH, basal FSH levels,
basal P levels, basal E2 levels, rate of primary infertility;
stimulation protocols, number of abortions, and thick-
ness of the endometrium on the day of the hCG trigger
between the groups (All P>0.05) (Table 1). Addition-
ally, no significant difference was reported in the total
duration of FSH stimulation (2619.95+601.53 versus
2685.55+683.73 IU, P=0.116) and average stimulation
days (10.79£1.45 versus 10.68+1.44, P=0.230) between
Group A and Group B (Table 1).

Hormone outcomes

On the day of the hCG trigger, patients in Group A had
significantly lower E2 levels compared to those in Group
B (3454.95+1708.14 versus 3798.70+1774.26 pg/mlL,
P=0.003). A similar result was observed for the P levels
on the day of the hCG trigger between the two groups
(1.23£0.53 versus 1.37£0.59, P<0.001). The propor-
tion of patients with P levels>1.5 ng/mL was 22.48%
(78/347) in Group A versus 34.58% (232/671) in Group
B (P<0.001), while the proportion of patients with
E2>5000 pg/mL was 15.27% (53/347) in Group A versus
25.93% (174/671) in Group B (P<0.001) (Table 2).

Laboratory outcomes

Day 3 top-quality rate was 62.02% (1464/2359) for
Group A versus 63.04% (2997/4754) for Group B
(P=0.420). No significant differences were observed
regarding the number of oocytes retrieved (10.59+4.83
versus 10.64+4.62, P=0.872), number of MII oocytes
(9.40+4.57 versus 9.56+4.46, P=0.586), normal fertil-
ization rate of IVF (64.49% [1712/2655] versus 66.09%
[3341/5055], P=0.157), normal fertilization rate of ICSI
(80.30% [685/853] versus 81.31% [1470/1808], P=0.539),
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and cleavage rate (98.41% [2359/2397] versus 98.82%
[4754/4811], P=0.160) between the two groups (Table 2).

Clinical outcomes

Fresh embryo transfer cycles were higher in Group A
(54.47%, 189/347 patients), than in Group B (32.64%,
219/671 patients) (P<0.001). However, no significant dif-
ferences were observed between the two groups regard-
ing the number of embryos transferred (1.07£0.25 versus
1.0910.28, P=0.502), implantation rate (43.56% [88/202]
versus 37.82% [90/238], P=0.221), pregnancy rate per
cycle rate (44.44% [84/189] versus 38.36% [84/219],
P=0.213), and early pregnancy loss rate (8.33% [7/84]
versus 11.90% [10/84], P=0.443) (Table 3).

Discussion
In our study, we retrospectively analyzed and compared
the data of patients showing normal ovarian response
who received a reduced dose of FSH before hCG trig-
ger for 2-3 days (Group A) with those of patients who
did not receive a reduced dose during ovarian stimula-
tion (Group B). Our results demonstrated that on hCG
administration, Group A had significantly lower E2 and
P levels than Group B. Numerous studies have been con-
ducted regarding the relationship between FSH dose and
E2 and P levels. For instance, Ozgur et al. (2017) treated
granulosa cells in vitro with r-FSH, and found that r-FSH
significantly increased the protein expression of P and
E2 [18]. Additionally, an in vivo study revealed that FSH
dose positively correlates with P concentrations [27].
Previous studies have shown that E2>5000 pg/mL is
associated with a high risk of OHSS, and P>=1.5 ng/mL
may affect pregnancy rates [10]. To further study the
effect of a reduced dose of FSH on fresh embryo trans-
fer, the proportion of patients with E2>5000 pg/mL and
P>1.5 ng/mL was compared between Groups A and B.
We found that the proportion of patients with E2>5000
pg/mL and P>1.5 ng/mL was lower in Group A than
in Group B. These results suggest that patients show-
ing a normal ovarian response treated with a reduced
dose of FSH before hCG trigger may achieve lower lev-
els of E2 and P and thus increase the possibility of fresh
embryo transfer. We think that this method is similar to
the “Coasting” method, which is a well-known strategy
to decrease severity of OHSS [28, 29]. Coasting involves
the withdrawal of exogenous gonadotrophins once an
optimal follicular size is achieved and the withholding of
HCG until the serum estradiol concentration decreases
to a ‘safe’ concentration without effecting the live birth
and clinical pregnancy rate [28, 29]. Further, some inves-
tigators recommend that patients started Coasting when
more than 15 to 20 follicles of >15 mm are detected and
the serum E2 levels rise to 4500 pg/mL [30]. This may
be more complicated than our method for use in clinic,
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which only focuses on reducing the dose of FSH before
hCG trigger without withholding HCG until the serum
estradiol concentration decreases.

Laboratory and clinical outcomes revealed no signifi-
cant differences between the two groups in our study.
These results were concordant with those of a previous
study in which a reduced dose of gonadotropin or GnRH
antagonist administered twice a day before hCG trig-
ger combined with a step-down protocol did not affect
oocyte retrieval, fertilization rate, implantation rate,
or pregnancy rate [20]. There are two potential reasons
for this result. First, daily injections of FSH can lead to
an accumulation of exogenous gonadotropins in the
patient’s serum. r-FSH (Gonal-F, Merck-Serono, Geneva,
Switzerland) has a half-life of approximately 42.58 h
after a single injection at a dose of 225 IU [31]. This
hypothesis was confirmed in another study that utilized
a stepwise reduction in the daily dose of FSH (12.5 IU)
over a median time period of 3 days. Serum FSH levels
remained constant until the day of the trigger, and no
difference was found between FSH serum levels on the
day of hCG trigger in the stepwise-reduction and control
groups [21]. Second, in the early antral follicle stage, the
granulosa cells are sensitive to FSH stimulation. Induc-
tion of LH receptor expression in the granulosa cells is
mainly regulated by FSH, and as the follicle matures into
the preovulatory stage, induction of LH receptor expres-
sion occurs more effectively than that of FSH recep-
tor expression [32]. When the follicle is over 14 mm in
size, the numbers of FSH and LH receptors change, with
a decline in the number of FSH receptors and a parallel
increase in the number of LH receptors. This mechanism
may explain why the reduced dose of FSH had no impact
on further follicle development and oocyte yield.

In our study, only patients showing a normal ovarian
response were included; a poor or high ovarian response
may affect the E2 levels, P levels, laboratory outcomes,
and clinical outcomes [33-37]. Moreover, the stimula-
tion protocols and dose of treatment may vary greatly
between patients with poor or high ovarian response.
Further, patients with a reduced dose of FSH<50 IU
before hCG trigger for <2 days were also excluded, as the
low dose and short duration of FSH reduction may not be
sufficient to produce meaningful results.

There are some limitations to this study. First, because
this was a retrospective study, selection bias cannot be
excluded. Thus, randomized control trials are required
to eliminate this effect. Second, this study possessed a
relatively small sample size; therefore, to better under-
stand the relationship between a reduced dose of FSH
before hCG trigger during ovarian stimulation and IVF
outcomes, studies with larger sample sizes are required.
Third, the starting doses of gonadotropin stimulation
were not consistent between the two groups, because
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these doses were based on AFC, age, BMIL, and AMH of
the patients.

In conclusion, while a reduced dose of FSH before hCG
trigger during ovarian stimulation did not affect IVF out-
comes, it may lower E2 and P levels, resulting in fewer
cycles with E2>5000 pg/mL and P>1.5 ng/mL on the day
of hCG trigger.

Abbreviations

FSH Follicle-stimulating hormones

hCG Human chorionic gonadotropin

IVF In vitro fertilization

E2 Estrogen; P:progesterone

FET Frozen embryo transfer

OHSS  Ovarian hyperstimulation syndrome
GnRH  Gonadotropin-releasing hormone
LH Luteinizing hormone

r-FSH Recombinant FSH

6] International units

PGT Pre-implantation genetic testing

AMH Anti-Mdllerian hormone
AFC Antral follicle counts
BMI Body mass index

Acknowledgements
Thanks to all the peer reviewers for their opinions and suggestions.

Authors’ contributions

ZHO and XFL- conception and design of the study. ZHO, JD, NQL and JLL- data
collection, statistical analysis, construction of figures and tables. ZHO and XFL-
drafted the article and revised the article. All- reviewed the manuscript and
approved the version to be published.

Funding Statement

This study was supported by Medical Science and Technology Research
Fund of Guangdong province (A2023263) and Leading Talent in Science and
Technology Innovation of Zhongshan (LJ2021004).

Data Availability
Data were obtained from the referenced publications. Further information is
available by contacting Dr. Ou at zhanhui-ou@hotmail.com.

Declarations

Ethics approval and consent to participate

All methods were carried out in accordance with relevant guidelines and
regulations.

This study was approved by the Ethics Committee of Zhongshan Boai Hospital
(KY-2023-04-02).

Informed consent was obtained from the enrolled patients.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Reproductive Medicine Center, Boai Hospital of Zhongshan Affiliated to
Southern Medical University, 6 Chenggui Road, East District,

Zhongshan 528400, Guangdong, China

The Second School of Clinical Medicine, Southern Medical University,
Guangzhou 510515, Guangdong, China

Received: 22 April 2023 / Accepted: 22 August 2023
Published online: 25 August 2023



Ou et al. BMC Pregnancy and Childbirth

(2023) 23:612

References

1.

Devroey P, Polyzos NP, Blockeel C. An OHSS-Free clinic by segmentation of IVF
treatment. Hum Reprod. 2011;26(10):2593-7.

Griesinger G, Schultz L, Bauer T, Broessner A, Frambach T, Kissler S. Ovarian
hyperstimulation syndrome prevention by gonadotropin-releasing hormone
agonist triggering of final oocyte maturation in a gonadotropin-releasing
hormone antagonist protocol in combination with a freeze-all strategy: a
prospective multicentric study. Fertil Steril. 2011,95(6):2029. 33 e1.

Ubaldi F, Bourgain C, Tournaye H, Smitz J, Van Steirteghem A, Devroey P.
Endometrial evaluation by aspiration biopsy on the day of oocyte retrieval in
the embryo transfer cycles in patients with serum progesterone rise during
the follicular phase. Fertil Steril. 1997,67(3):521-6.

Kolibianakis E, Bourgain C, Albano C, Osmanagaoglu K, Smitz J, Van Steirteg-
hem A, et al. Effect of ovarian stimulation with recombinant follicle-stimu-
lating hormone, gonadotropin releasing hormone antagonists, and human
chorionic gonadotropin on endometrial maturation on the day of cocyte
pick-up. Fertil Steril. 2002;78(5):1025-9.

Shapiro BS, Daneshmand ST, Garner FC, Aguirre M, Hudson C, Thomas S.
Evidence of impaired endometrial receptivity after ovarian stimulation for in
vitro fertilization: a prospective randomized trial comparing fresh and frozen-
thawed embryo transfer in normal responders. Fertil Steril. 2011;96(2):344-8.
Chen ZJ, ShiY, SunY, Zhang B, Liang X, Cao Y, et al. Fresh versus frozen
embryos for infertility in the polycystic ovary syndrome. N Engl J Med.
2016,375(6):523-33.

Ishihara O, Araki R, Kuwahara A, Itakura A, Saito H, Adamson GD. Impact of
frozen-thawed single-blastocyst transfer on maternal and neonatal outcome:
an analysis of 277,042 single-embryo transfer cycles from 2008 to 2010 in
Japan. Fertil Steril. 2014;101(1):128-33.

Sazonova A, Kallen K, Thurin-Kjellberg A, Wennerholm UB, Bergh C. Obstetric
outcome in singletons after in vitro fertilization with cryopreserved/thawed
embryos. Hum Reprod. 2012;27(5):1343-50.

Pinborg A, Henningsen AA, Loft A, Malchau SS, Forman J, Andersen AN. Large
baby syndrome in singletons born after frozen embryo transfer (FET): is it due
to maternal factors or the cryotechnique? Hum Reprod. 2014;29(3):618-27.
Bosch E, Valencia |, Escudero E, Crespo J, Simon C, Remohi J, et al. Prema-
ture luteinization during gonadotropin-releasing hormone antagonist

cycles and its relationship with in vitro fertilization outcome. Fertil Steril.
2003,80(6):1444-9.

Venetis CA, Kolibianakis EM, Bosdou JK, Tarlatzis BC. Progesterone elevation
and probability of pregnancy after IVF: a systematic review and meta-analysis
of over 60 000 cycles. Hum Reprod Update. 2013;19(5):433-57.

Bosch E, Labarta E, Crespo J, Simon C, Remohi J, Jenkins J, et al. Circulating
progesterone levels and ongoing pregnancy rates in controlled ovarian
stimulation cycles for in vitro fertilization: analysis of over 4000 cycles. Hum
Reprod. 2010;25(8):2092-100.

Labarta E, Martinez-Conejero JA, Alama P, Horcajadas JA, Pellicer A, Simon

C, et al. Endometrial receptivity is affected in women with high circulating
progesterone levels at the end of the follicular phase: a functional genomics
analysis. Hum Reprod. 2011;26(7):1813-25.

Wang A, Santistevan A, Hunter Cohn K, Copperman A, Nulsen J, Miller BT, et
al. Freeze-only versus fresh embryo transfer in a multicenter matched cohort
study: contribution of progesterone and maternal age to success rates. Fertil
Steril. 2017;108(2):254-61. e4.

Van Vaerenbergh I, Fatemi HM, Blockeel C, Van Lommel L, In't Veld P, Schuit

F, et al. Progesterone rise on HCG day in GnRH antagonist/rFSH stimu-

lated cycles affects endometrial gene expression. Reprod Biomed Online.
2011;22(3):263-71.

Aboulghar M. Prediction of ovarian hyperstimulation syndrome (OHSS).
Estradiol level has an important role in the prediction of OHSS. Hum Reprod.
2003;18(6):1140-1.

Kyrou D, Al-Azemi M, Papanikolaou EG, Donoso P, Tziomalos K, Devroey P, et
al. The relationship of premature progesterone rise with serum estradiol lev-
els and number of follicles in GnRH antagonist/recombinant FSH-stimulated
cycles. Eur J Obstet Gynecol Reprod Biol. 2012;162(2):165-8.

Oktem O, Akin N, Bildik G, Yakin K, Alper E, Balaban B, et al. FSH Stimulation
promotes progesterone synthesis and output from human granulosa cells
without luteinization. Hum Reprod. 2017,32(3):643-52.

Lawrenz B, Beligotti F, Engelmann N, Gates D, Fatemi HM. Impact of gonado-
tropin type on progesterone elevation during ovarian stimulation in GnRH
antagonist cycles. Hum Reprod. 2016;31(11):2554-60.

20.

21.

22.

23.

24.

25.

26.

27.

28.

30.

31

32

34.

35.

36.

37.

Page 6 of 6

Prapas Y, Ravanos K, Petousis S, Panagiotidis Y, Papatheodorou A, Margioula-
Siarkou C, et al. GnRH antagonist administered twice the day before hCG
trigger combined with a step-down protocol may prevent OHSS in IVF/
ICSIantagonist cycles at risk for OHSS without affecting the reproductive
outcomes: a prospective randomized control trial. J Assist Reprod Genet.
2017;34(11):1537-45.

Lawrenz B, Coughlan C, Melado L, Digma S, Sibal J, Jean A, et al. Step-down
of FSH- Dosage during Ovarian Stimulation - Basic Lessons to be learnt from
a Randomized Controlled Trial. Front Endocrinol. 2021;12:661707.

Venetis CA, Kolibianakis EM, Bosdou JK, Lainas GT, Sfontouris IA, Tarlatzis BC,
et al. Estimating the net effect of progesterone elevation on the day of hCG
on live birth rates after IVF: a cohort analysis of 3296 IVF cycles. Hum Reprod.
2015;30(3):684-91.

Martinez F, Rodriguez |, Devesa M, Buxaderas R, Gémez MJ, Coroleu B. Should
progesterone on the human chorionic gonadotropin day still be measured?
Fertil Steril. 2016;105(1):86-92.

Arslan M, Bocca S, Mirkin S, Barroso G, Stadtmauer L, Oehninger S. Controlled
ovarian hyperstimulation protocols for in vitro fertilization: two decades of
experience after the birth of Elizabeth Carr. Fertil Steril. 2005;84(3):555-69.
Koundouros SN. A comparison study of a novel stimulation protocol and
the conventional low dose step-up and step-down regimens in patients
with polycystic ovary syndrome undergoing in vitro fertilization. Fertil Steril.
2008;90(3):569-75.

Ovarian Stimulation T, Bosch E, Broer S, Griesinger G, Grynberg M, Humaidan
P, et al. ESHRE guideline: ovarian stimulation for IVF/ICSI(dagger). Hum
Reprod open. 2020;2020(2):h0aa009.

Filicori M, Cognigni GE, Pocognoli P, Tabarelli C, Spettoli D, Taraborrelli S, et
al. Modulation of folliculogenesis and steroidogenesis in women by graded
menotrophin administration. Hum Reprod. 2002;17(8):2009-15.

D’Angelo A, Amso NN, Hassan R. Coasting (withholding gonadotrophins)
for preventing ovarian hyperstimulation syndrome. Cochrane Database of
Systematic Reviews. 2017;2017:6.

Talebi Chahvar S, Zosmer A, Caragia A, Balestrini S, Sabatini L, Tranquilli AL,
et al. Coasting, embryo development and outcomes of blastocyst transfer: a
case-control study. Reprod Biomed Online. 2014,29(2):231-8.

Garcia-Velasco JA, Isaza V, Quea G, Pellicer A. Coasting for the prevention of
ovarian hyperstimulation syndrome: much ado about nothing? Fertil Steril.
2006,85(3):547-54.

Wolzt M, Gouya G, Sator M, Hemetsberger T, Irps C, Rettenbacher M, et al.
Comparison of pharmacokinetic and safety profiles between Bemfola(®) and
Gonal-f(°) after subcutaneous application. Eur J Drug Metab Pharmacokinet.
2016;41(3):259-65.

Erickson GF, Wang C, Hsueh AJ. FSH induction of functional LH recep-

tors in granulosa cells cultured in a chemically defined medium. Nature.
1979;279(5711):336-8.

Poseidon G, Alviggi C, Andersen CY, Buehler K, Conforti A, De Placido G, et al.
A new more detailed stratification of low responders to ovarian stimula-
tion: from a poor ovarian response to a low prognosis concept. Fertil Steril.
2016;105(6):1452-3.

Andersen AN, Witjes H, Gordon K, Mannaerts B. Xpect i. predictive factors of
ovarian response and clinical outcome after IVF/ICSI following a rFSH/GnRH
antagonist protocol with or without oral contraceptive pre-treatment. Hum
Reprod. 2011;26(12):3413-23.

Broer SL, Dolleman M, van Disseldorp J, Broeze KA, Opmeer BC, Bossuyt PM,
et al. Prediction of an excessive response in in vitro fertilization from patient
characteristics and ovarian reserve tests and comparison in subgroups: an
individual patient data meta-analysis. Fertil Steril. 2013;100(2):420-9. e7.
Zhen XM, Qiao J, Li R, Wang LN, Liu P. The clinical analysis of poor ovarian
response in in-vitro-fertilization embryo-transfer among chinese couples. J
Assist Reprod Genet. 2008;25(1):17-22.

Li PF, Zhu H, Tan L, Zhao DM, Ma LY, Xiang YG, et al. Effects of high progester-
one on outcomes of in vitro fertilization-embryo transfer in patients with dif-
ferent ovarian responses. Syst Biology Reproductive Med. 2015;61(3):161-7.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Effects of reduced follicle-stimulating hormone dosage before human chorionic gonadotropin trigger on in vitro fertilization outcomes
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Study design and participants
	﻿Ethical approval
	﻿Patient treatment
	﻿Embryo transfer
	﻿Outcome measures
	﻿Statistical analyses

	﻿Results
	﻿Demographics outcomes
	﻿Hormone outcomes
	﻿Laboratory outcomes
	﻿Clinical outcomes

	﻿Discussion
	﻿References


