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This is a retrospective cohort study included 1021 patients underwent a flexible GnRH
antagonist IVF protocol from January 2017 to December 2017 to explore the effect of a
premature rise in luteinizing hormone (LH) level on the cumulative live birth rate. All patients
included received the first ovarian stimulation and finished a follow-up for 3 years. A
premature rise in LH was defined as an LH level >10 IU/L or >50% rise from baseline
during ovarian stimulation. The cumulative live birth rate was calculated as the number of
women who achieved a live birth divided by the total number of women who had either
delivered a baby or had used up all their embryos received from the first stimulated cycle.
In the advanced patients (≥37 years), the cumulative live birth rate was reduced in patients
with a premature rise of LH (b: 0.20; 95% CI: 0.05–0.88; p=0.03), compared to patients
(≥37 years) without the premature LH rise. The incidence of premature LH rise is
associated with decreased rates of cumulative live birth rate in patients of advanced
age (≥37 years) and aggravated the reduced potential of embryos produced by the
advanced age, not the number of embryos.

Keywords: GnRH antagonist, premature rise of LH, IVF, cumulative live-birth rate, advanced aged patients
INTRODUCTION

Over the last fewyears, gonadotropin-releasinghormone (GnRH)antagonists havebeenwidelyused for
controlled ovarian stimulation (COS) in assisted reproductive technology (ART) (1).GnRHantagonists
have several advantages over GnRH agonists, including a shorter treatment time, the reduced dosage of
gonadotropic hormones per cycle, improved patient acceptance, and a significantly lower incidence of
ovarian hyperstimulation syndrome (OHSS), particularly severe hyperstimulation (2–4). GnRH
antagonists can inhibit a premature rise of luteinizing hormone (LH) during COS by competitively
binding toGnRHreceptors after immediatepituitary suppression (5).However, ithasbeenreported that
some patients still experience a premature rise of LH after treatment with GnRH antagonists (6).
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The clinical significance of such a rise remains unknown. Several
studies have shown that a premature rise in LH level may result in a
reduced ongoing pregnancy rate (7), whereas others indicate that a
transient rise in LH is not associated with a decline in pregnancy
rates (8, 9). However, it is worth noting that the patients involved in
these previous studies underwent only fresh embryo transfer and
did not consider the transfer offrozen embryos. Thus, the true effect
of a premature rise in LH on embryos cannot be evaluated
comprehensively. Moreover, a comparison of the cumulative
pregnancy outcome after both fresh and frozen embryo transfers
in cycles where a premature rise in LH level has occurred may help
us to understand the effect of this premature LH rise on embryos
andpregnancy outcomemore directly. The aimof the present study
was to identify the effect of a premature LH rise on cumulative live
birth rate during IVF cycles involving a GnRHantagonist protocol.
MATERIALS AND METHODS

Study Participants
This was a retrospective cohort study designed to examine the
effect of a premature rise in LH on the cumulative live birth rate
of patients who underwent a flexible GnRH antagonist protocol
during ART. All GnRH-antagonist cycles performed at the
Reproductive Center of Peking University Peoples’ Hospital
from 1st January 2017 to 31st December 2017 were assessed.

All women between 18 and 45 years old undergoing their first
ovarian stimulation cycle, in a GnRH antagonist protocol, were
considered eligible patients and they were followed up for 3 years
period. Each patient was included only once in the analysis. The
exclusion criteria were the use of a protocol other than a GnRH
antagonist protocol. The study was approved by the institutional
review boards.

Protocol for Controlled Ovarian
Stimulation and Embryo Transfer
The patients did not receive oral contraceptive pill before the IVF
cycle. Ovarian stimulation began on day 2 of the menstrual cycle
with recombinant FSH (Gonal-F; Merck Serono, Coinsins,
Switzerland) 150–450 IU daily with or without 75–300 IU of
hMG (Livzon, Shanghai, China). Human menopausal
gonadotropin (hMG) was used in patients when a poor response
was anticipated because of advanced age, low antral follicle count,
basal FSH >10 IU/L, or AMH <1.1 ng/mL. The starting dose of Gn
(FSH/hMG) was based on the patient’s age, weight, height, antral
follicle count (AFC), and hormonal profile. Doses were adjusted
according to serum E2 and ovarian response which was evaluated
by transvaginal ultrasound. The administration of GnRH-
antagonist (0.25 mg daily of Ganirelix or Cetrotide, 10:00 am)
was initiated based on a flexible protocol, generally when the lead
follicle was 13 to 14 mm in diameter, and was continued until the
day of hCG administration. Individuals experiencing a premature
rise in LH were administered with an additional dose of GnRH
antagonist on the day of the rise, with continued daily doses of 0.25
mg thereafter. When three follicles reached a mean diameter of 17
mm,or two follicles reachedameandiameterof 18mm,final oocyte
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maturationwas triggered by 250mg of recombinant hCG (Ovidrel;
Merck Serono) alone, which was equivalent to ~6,500 IU hCG
according tomanufacturer data, or by 0.2mg of triptorelin (Ferring
International Center, Saint-Prex, Switzerland) plus 2000 IUof hCG
(Livzon, Zhuhai, China). Oocyte retrieval was performed by
transvaginal ultrasonography 35–37 hours later. Intracytoplasmic
sperm injection (ICSI) was only performed for patients
experiencing severe male factor infertility. Fertilization was
assessed 16–18 hours after insemination for the appearance of
two distinct pronuclei and two polar bodies. The zygotes were
cultured in a cleavage medium (Cook Medical). Embryonic
development was assessed daily. Fresh embryo transfer was
performed at day 3 after oocyte retrieval and supernumerary
embryos of good quality were cryopreserved (vitrification
protocol). Day 3 embryos of high quality were defined if they met
the following criteria: 7 to 9 cells stage at day three after fertilization,
fragmentation is less than 10% and homogenous blastomeres
according to the ASEBIR consensus (10). If it does not meet the
criterion of excellent quality embryos, embryoswere cultured to the
blastocyst stage in blastocyst medium (Cook Medical). Blastocyst
quality scoring was performed on day 5 according to Gardner’s
criteria (11). The scoredependedonblastocyst expansion, inner cell
mass development, and trophectodermappearance. Inner cellmass
and trophectoderm scoring was performed, and according to their
morphologic appearance blastocysts were graded as top quality
(grade 1) (AA), goodquality (grade 2) (AB andBA), average quality
(grade 3) (AC, CA, BB), and poor quality (grade 4) (BC, CB, CC).
Blastocysts with a score>3BB were vitrified either on day 5 or day 6
andalsowere defined ashighquality blastocysts.All embryoswould
be frozen if a patient had issues related to a thin endometrial lining
(<7 mm), intrauterine fluid, hydrosalpinx, elevated progesterone
level (>1.5 ng/mL) on the day ofHCGadministration, or had a high
risk of ovarian hyperstimulation.

During fresh embryo transfer cycles, embryos were transferred
on day 3 (D3) after fertilization. In frozen-thawed embryo transfer
cycles, embryos were transferred in natural cycles or in hormonal
replacement cycles. Patients who failed ovulatewere given estradiol
valerate (Progynova, Bayer, German) from D3 of the menstrual
cycle (3 mg twice daily orally). Progesterone (intramuscular
progesterone at a daily dose of 60 mg) was administered when the
thickness of the endometrium reached ≥8 mm. The number of
transferred embryos varied fromone to two, depending on embryo
quality and patient age.

Definition of a Premature LH Rise
A premature rise in LH was defined as an LH level >10 IU/L
or >50% rise from baseline during ovarian stimulation, including
the day of the trigger. LH level was determined at 10:00–12:00 am
every two days from the beginning of the ovarian stimulation.

Primary and Secondary Outcomes
The primary outcome measure in this study was cumulative live
birth rate. The cumulative live birth rate was calculated as the
number of women who achieved a live birth (>28 weeks of
gestation) in the fresh or in the subsequent frozen-thawed cycles
divided by the total number of women who had either delivered a
December 2021 | Volume 12 | Article 722655
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baby or had used up all their embryos received from the first
stimulated cycle.

Secondary outcome measures included implantation rate,
clinical pregnancy rate and ongoing pregnancy rate. The
implantation rate was calculated by dividing the number of
gestational sacs by the number of embryos transferred. Clinical
pregnancy was defined as a visible gestational sac and fetal cardiac
activity on transvaginal ultrasonography. The ongoing pregnancy
rate was defined as a pregnancy beyond 12 weeks gestation.

Data Analysis
Cycle characteristics and secondary outcome measures were
compared between the premature LH rise group and the non-
LH rise group using the Student’s t-test and chi- squared
measure of association for continuous and categorical
variables, respectively. Logistic regression was used to
determine whether the premature rise in LH was significantly
associated with cumulative live birth rate. The logistic regression
model was adjusted for age, etiology of infertility, basal FSH,
basal LH, antral follicular count, duration of infertility, and body
mass index (BMI).
RESULTS

A total of 1205 patients were treated with a flexible GnRH
antagonist protocol between January 2017 and December 2017.
Frontiers in Endocrinology | www.frontiersin.org 3
Of these patients, 1021 patients underwent embryo transfer until
either they achieved pregnancy or had used up all of the frozen
embryos acquired from the first stimulated cycle. Of the 1021
patients, 82 patients (8.03%) experienced a premature rise in LH.
Age, body mass index (BMI), basal FSH, antral follicle count
(AFC), and the duration of infertility were similar when
compared between women with and without a premature rise
in LH (Table 1). There were no significant differences between
the groups with or without a premature rise in LH rise in terms
of the number of oocytes retrieved, the number of metaphase II
oocytes, two pronuclei (2PN) embryos, available embryos, high-
quality embryos, and endometrial thickness (Table 1). Notably,
women with a premature rise in LH had significantly higher LH
levels (5.43 ± 2.83 vs 4.26 ± 2.37, p=0.00) on the day of hCG
administration compared with women without a premature rise
in LH (Table 1).

Next, we investigated the influence of a premature rise in LH
on pregnancy outcomes. Of all the 1021 patients, 269 patients
underwent the transfer of fresh embryos while 752 patients
underwent frozen embryo transfers (FET). There were 640
patients received one embryo transfer cycle and 296 patients
received two embryo transfer cycles. Only 85 patients received
more than three embryo transfer cycles. There was no difference
between the number of embryos transferred, implantation rate,
clinical pregnancy rate, ongoing pregnancy rate between the
patients with and without a premature LH rise. In the present
study, there are 264 patients ≥37 years old, among these 22
TABLE 1 | A comparison of baseline characteristics between cycles with and without a premature rise in LH level.

No LH rise (n = 939) LH rise (n = 82) p

Age (y) 33.68 ± 4.51 33.88 ± 4.82 0.71
BMI 22.64 ± 3.87 22.20 ± 3.56 0.32
Duration of infertility (y) 3.65 ± 3.05 3.73 ± 2.95 0.81
Diagnosis 0.48
Pelvic or tubal factor 271 (28.86%) 21 (25.61%)
DOR 62 (6.60%) 7 (8.54%)
Endometriosis 57 (6.07%) 4 (4.88%)
Ovulatory dysfunction/PCOS 55 (5.86%) 9 (10.98%)
Male factor 198 (21.09%) 13 (15.85%)
Both factor 229 (24.39%) 23 (28.05%)
Unexplained 67 (7.14%) 5 (6.10%)
Day 3-FSH (IU/L) 8.12 ± 3.81 8.12 ± 3.39 0.99
Day 3-LH (IU/L) 4.26 ± 2.37 5.43 ± 2.83 0.00a

Day-3 E2 (pg/ml) 41.74 ± 19.89 39.26 ± 20.72 0.46
Day-3 P (ng/ml) 0.36 ± 0.86 0.42 ± 0.67 0.72
Antral follicle count 10.24 ± 5.39 9.89 ± 6.59 0.59
Days of gonadotropin stimulation 9.55 ± 1.82 9.91 ± 1.85 0.09
Total gonadotropin dose 2164.95 ± 689.06 2162.50 ± 696.91 0.96
Progesterone on HCG trigger 1.21 ± 0.81 1.50 ± 1.34 0.06
LH at HCG trigger (IU/L) 3.12 ± 3.13 6.55 ± 5.83 0.00a

Endometrial thickness on HCG trigger (mm) 9.24 ± 2.59 9.12 ± 2.70 0.69
No of oocytes retrieved 11.19 ± 6.72 10.39 ± 6.24 0.30
Fertilization rate (%) 85.54 ± 19.18 85.53 ± 22.12 0.99
No. of MII oocytes 8.36 ± 5.47 7.63 ± 4.90 0.26
No. of 2PN 7.31 ± 4.72 8.12 ± 11.29 0.20
No. of available embryos 2.40 ± 1.09 2.29 ± 0.94 0.39
No. of high-quality embryos 1.19 ± 1.22 1.25 ± 1.21 0.65
December 2021 | Volume 12 | Article 72
BMI, body mass index; E2, estradiol; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; LH, luteinizing hormone; PCOS, polycystic ovary syndrome; DOR, diminished
ovarian response.
aindicates a statistically significant p value (<0.05) via a two-sample t-test or chi-squared test for continuous and categorical variables, respectively.
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patients suffering from a premature LH surge and 242 patients
without a LH rise. Though the cumulative live birth rate (51.76%
vs 49.38%) were not significantly different between the two
groups (Table 2), the hierarchical analysis based on female age
showed that in the group of patients aged ≥37 years, a
significantly reduced cumulative live birth (b: 0.20; 95% CI:
0.05–0.88; p=0.03) was observed in patients with a premature
LH rise (Table 3). While in the patients with advanced age, the
number of oocytes retrieved and the quality of the embryos were
not reduced in the patients with the premature LH rise.
DISCUSSION

In this retrospective cohort study, we analyzed the potential
effect of a premature rise in LH on the cumulative live birth rate
of IVF patients who received GnRH antagonist treatment. This
study included 1201 patients and took place over a 3 years
period. We demonstrated that in the patients aged ≥37 years-of-
age, the occurrence of a premature LH rise was associated with a
significantly reduced cumulative live birth rate (b: 0.20; 95% CI:
0.05–0.88; p 0.03); this was despite a comparable number of
embryos and high-quality embryos.

Gonadotropin-releasing hormone antagonists are widely used
in clinics to prevent a premature rise in LH during controlled
ovarian stimulation (12–14). However, some patients still
experience a premature rise in LH (6); this occurrence has
been reported in a range of clinical studies. For example,
Kummer et al. (8) and Geng et al. (15) both reported a high
incidence of premature LH rises (15.6 and 16.2%, respectively),
whereas another study, involving ganirelix, showed a much lower
incidence (1.4%) (16). In the present study, 82 patients (8.03%)
showed premature LH increases during GnRH antagonist
treatment; this finding was in line with those of Dovey et al.
(7). These differences may be due to the heterogeneity of the
infertile population, the dose of FSH and LH, the time of
initiation, and the criteria used to define a premature LH rise.

The effect of a premature LH rise on pregnancy outcome
remains controversial. A prospective study of 314 high ovarian
responders undergoing a fixed GnRH-antagonist protocol,
Frontiers in Endocrinology | www.frontiersin.org 4
showed a lower clinical pregnancy rate in patients experiencing
a premature rise in LH (15). The same result was found in
women undergoing the flexible GnRH antagonist protocol;
similarly, reduced rates of ongoing pregnancy rate were also
reported previously (7). It has been suggested that the reduced
pregnancy outcome may be a reflection of endometrial
advancement impairing implantation, as the higher E2 levels
associated with higher LH values early in follicular recruitment
may induce the expression of progesterone receptors within the
endometrium (17). In contrast, other investigations
demonstrated that a transient LH rise was not associated with
a decline in fertilization, implantation, or pregnancy rates per
embryo transfer (8, 18).

However, it should be noted that all the patients in these
studies underwent only fresh embryo transfer and did not
include frozen embryo transfer. Thus, the effect of a premature
rise in LH on the quality of embryos could not be evaluated. The
present study provided a unique insight into the effect of a
premature rise in LH on the cumulative live birth rate after both
fresh and frozen embryo transfer. Our analysis showed that in
the patients aged ≥37 years-of-age, the cumulative live birth rate
was reduced in the premature LH rise group compared to the
patients without the LH premature. This was despite of the fact
that the number of embryos acquired, the quality of the embryos
in patients of advanced age with or without a premature LH rise
were similar. We speculated that embryo potential may be
compromised by a premature rise in LH.

Luteinizing hormone (LH) is essential for normal follicular
development and oocyte maturation. In a previous study
analyzing pregnancy outcome with a fixed versus flexible
GnRH-antagonist protocol, it was noted that lower LH levels
at baseline and the initiation of hCG, were associated with
positive pregnancy outcomes (19). Conversely, other studies
have indicated that when concentrations of LH were high
throughout the follicular phase, the hormone penetrated the
follicle and allowed the oocyte to mature prematurely, thus
resulting in premature ovulation (20). Meanwhile, other
studies have shown that a premature LH rise suppressed the
proliferation of granulosa cells and oocytes retrieved from
patients with high serum LH were associated with excessive
December 2021 | Volume 12 | Article 722655
TABLE 2 | The pregnancy outcome in cycles with and without a premature LH rise.

No LH rise LH rise p

Number of embryos transferred per ET 1.85 ± 0.77 1.78 ± 0.33 0.43
Implantation rate 790/2333 (33.86%) 65/211 (30.81%) 0.37
D3 embryos 121/480 (25.21%) 16/86 (18.60%)
D5 embryos 669/1853 (36.10%) 49/125 (39.20%)
Clinical pregnancy rate 577 (61.45%) 47 (57.32%) 0.46
D3 embryos 113 (12.03%) 13 (15.86%)
D5 embryos 464 (49.41%) 34 (41.46%)
Ongoing pregnancy rate 493 (52.50%) 42 (51.22%) 0.82
D3 embryos 100 (10.65%) 9 (10.98%)
D5 embryos 393 (41.85%) 33 (40.24%)
Abortion rate 93 (16.12%) 7 (14.89%) 0.83
Cumulative live birth rate 484 (51.54%) 40 (49.38%) 0.63
D3 embryos 95 (10.12%) 8 (9.76%)
D5 embryos 389 (41.43%) 32 (39.02%)
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fragmentation and asymmetrical cleavage, thus suggesting that
the oocytes were in the early stages of atresia (21, 22).
Furthermore, high LH levels during the follicular phase are
associated with poor embryo quality and potential (23). In our
present study, the cumulative live birth rate was reduced in the
premature LH rise group in patients aged ≥37 years-of-age.
However, the number of embryos, high-quality embryos and
the number of embryo transfer were similar when compared
between patients aged ≥37 years with or without a premature rise
in LH. Thus, we postulated that the premature rise of LH may
affect embryo potential ability in patients of advanced age.
However, the reduced cumulative live birth rate was not
obvious in our patients who were <37 years-of-age. It is
tempting to speculate that the premature rise in LH aggravated
the reduced the potential of embryos produced by the advanced
age, not the number of embryos.

It should be noted that this is a retrospective study. A
prospective study is now crucial if we are to verify the results
of the current investigation. Additionally, the progesterone level
was not assessed in this study. This was because the aim of the
present study was to evaluate the effect of premature rise of LH
on the cumulative live birth rate other than the pregnancy
outcome in the fresh transfer cycle. But the result will be more
persuasive if the progesterone level is considered. Further
investigation will focus on the progesterone level in this study.

Overall, our results show that a transient premature rise inLH in
a patient undergoing IVF with a GnRH antagonist protocol is
associated with a significantly reduced cumulative live birth rate in
patients≥37 years-of-age. Thismay be due to the detrimental effect
of the premature rise in LH on embryonic potential. This may help
when counseling a patient as to her chances of future cycle
cancellation and in the selection of subsequent treatment protocols.
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