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Abstract
Background
Use of gonadotropin-releasing hormone (GnRH) antagonists during the late follicular phase can prevent
premature luteinizing hormone (LH) surge. Many patients demonstrate an insufficient endogenous LH
concentration during ovarian stimulation. Previous studies have demonstrated that ultra-low LH
concentration influences pregnancy outcomes. However, affected patients cannot be distinguished prior
to ovarian stimulation using baseline characteristics alone. With traditional fixed or flexible GnRH
antagonist protocols, antagonist administration may further reduce LH activity. Previously, we proved that
LH can be used as an indicator for the timing and dosage of antagonist. Patients with a persistently low
LH concentration during ovarian stimulation may not require antagonists, whereas antagonist
administration can affect reproductive outcomes. To further explore this hypothesis, we designed a
randomized clinical trial to compare the LH-based flexible GnRH antagonist protocol with traditional
flexible GnRH antagonist protocol in women with normal ovarian response.
Methods
This study was a multicenter, parallel, prospective, randomized, non-inferiority study. The primary efficacy
endpoint was cumulative ongoing pregnancy rate per cycle. The study aimed to prove the non-inferiority
of cumulative ongoing pregnancy rate per cycle with a LH-based flexible GnRH antagonist protocol
versus traditional flexible GnRH antagonist protocol. Secondary endpoints were the high-quality embryo
rate, clinical pregnancy rate, and cancellation rate. Differences in cost-effectiveness and adverse events
were evaluated. The cumulative ongoing pregnancy rate per cycle in women with normal ovarian
response was 70%. Considering that a non-inferiority threshold should retain 80% of the clinical effect of
a control treatment, a minimal clinical difference of 14% (one-sided: α, 2.5%; β, 20%) and a total of 338
patients were needed. Anticipating a 10% dropout rate, the total number of patients required was 372.
Discussion
This is the first randomized controlled trial to compare the efficacy of a LH-based treatment regimen with
a traditional flexible GnRH antagonist protocol during ovarian stimulation. We hypothesized no
significant difference in cumulative ongoing pregnancy rate per cycle between the two protocols.
Moreover, patients with insufficient endogenous LH during ovarian stimulation may benefit from LHbased GnRH antagonist protocols. The results will provide new information on when to introduce
antagonists and the appropriate dosage of antagonist.
Trial registration: ClinicalTrials.gov, ChiCTR1800018077. Registered on 29 August, 2018.
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There is evidence that a sufficient concentration of luteinizing hormone (LH) is necessary for normal
follicular growth and oocyte maturation. A low LH concentration during ovarian stimulation can adversely
affect follicular morphology, quality, and maturation, determining meiotic status and fertilization ability
[1,2]. Extensive clinical trials have shown that a serum LH concentration of ≥1.2 IU/L is necessary to
provide adequate LH support to follicle-stimulating hormone (FSH)-induced follicular development [2–4].
Some studies have demonstrated that for optimal cyclic follicular development, the serum LH
concentration should be between 1.2 IU/L and 5.0 IU/L [4–6]. Other studies suggest that the indications
for use of LH with gonadotropin-releasing hormone (GnRH) antagonists during ovarian follicular
development are the mid-follicular period (day 6), an estradiol (E2) concentration of <200 pg/ml, no
follicles >10 mm in size, an endometrial thickness of <6 mm, and a baseline serum LH concentration of
<1.2 IU/ml on day 6 [6,7]. However, only a small number of studies have been performed, and there are no
clear guidelines with regard to the optimal serum LH concentration or supplementation time; thus, these
are areas worthy of further study.
Although FSH can induce follicular growth in the absence of LH, follicles may have developmental
defects, such as abnormally reduced E2 production and a lack of lutealization and rupture capacity on
the trigger day [8,9]. GnRH antagonist protocols have been widely used for ovarian stimulation. Use of
GnRH antagonists during the late follicular phase can prevent premature LH surges [10–13]. A significant
proportion of patients demonstrate an insufficient endogenous LH concentration during ovarian
stimulation. However, these patients cannot be distinguished before ovarian stimulation using baseline
characteristics alone. For these patients, with either traditional fixed or flexible GnRH antagonist
protocols, administration of an antagonist might reduce LH activity further and lead to poor reproductive
outcomes [14]. Hence, these patients may not require antagonist supplementation [16,17]. However, there
are no clear guidelines regarding the use of GnRH antagonists based on serum LH concentrations during
ovarian stimulation.
Our previous retrospective study proved that the LH concentration can be used as an indicator for the
timing and dosage of antagonist supplementation. Among women who received GnRH antagonists
during ovarian stimulation, reproductive outcomes were similar, irrespective of whether the highest LH
concentration (LHmax) was ≥4 IU/L or <4 IU/L. Conversely, patients with a sustained low LH
concentration (LHmax of <4 IU/L) during ovarian stimulation might not require antagonist administration.
In fact, in these patients, antagonist administration can adversely affect reproductive outcomes [17]. To
further confirm our results, a randomized controlled trial was performed to prospectively compare the
efficacy of a novel LH-based treatment regimen with a traditional flexible GnRH antagonist protocol
during ovarian stimulation. These results provide clinicians with new information on when to introduce
antagonists and the appropriate dosage of GnRH antagonist.

Methods/design
Study design
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This study was a multicenter, randomized, controlled, non-inferiority trial that involved patients with
normal ovarian responses undergoing in-vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI).
Patients were randomly divided into two groups: the experimental group (stimulated with a LH-based
flexible GnRH antagonist protocol) and the control group (stimulated with a traditional flexible GnRH
antagonist protocol) at a 1:1 ratio on the first day of ovarian stimulation. Figure 1 shows a flowchart of
the study design.
Study sites and recruitment procedures
This clinical trial involved eight hospitals in China. All patients undergoing IVF for the first time at the
Center for Reproductive Medicine were included in the study. Physicians will screen patients based on
clinical data to assess whether they meet the inclusion criteria. Subjects who are eligible for and who
agree to participate in the study are notified and recruited prior to the start of the IVF cycle.
Study population and inclusion/exclusion criteria
The trial enrolled women who were undergoing their first IVF cycle, and a GnRH antagonist regimen was
used for ovarian stimulation. Eligible women met the following inclusion criteria: (1) 23–38 years of age;
(2) a spontaneous cycle length of ≥21 days and ≤35 days; (3) a diagnosis of infertility for >1 year; (4) an
antral follicle count (AFC) of 8–20; (5) a body mass index (BMI) of ≥18 kg/m2 or ≤28 kg/m2.
The exclusion criteria were as follows: (1) a history of unilateral oophorectomy; (2) recurrent spontaneous
abortion; (3) a diagnosis of polycystic ovarian syndrome; (4) uterine abnormalities (e.g., submucosal
myoma, adenomyosis, uterine scarring, intrauterine adhesion); (5) a chronic medical disease affecting
pregnancy outcomes (e.g., diabetes mellitus, hypertension, heart disease, liver dysfunction, renal disease);
(6) coagulation dysfunction or a history of deep venous thrombosis. All couples were screened by
karyotyping, and those with an abnormal karyotype were excluded.
Randomization
Randomization was performed by a doctor on the initial day of ovarian stimulation from day 2 of the
menstrual cycle. Participants were randomly divided into two groups in a 1:1 ratio and were stratified
according to the study site. The randomization scheme was entered into an online central randomization
database (www.medresman.org). After randomization, physicians and embryologists were informed
about trial group assignment. Patients were randomly assigned to one of two groups: the control group
(traditional flexible GnRH antagonist protocol) or the experimental group (LH-based flexible GnRH
antagonist protocol).
Ovarian stimulation protocol
All patients underwent baseline transvaginal ultrasound and measurement of serum E2, FSH, LH,
progesterone (P), and beta-human chorionic gonadotropin (β-hCG) on days 2–3 of the menstrual cycle.
Recombinant FSH (rFSH; Gonal-f®, Merck, Germany) at a dose of 150–300 IU/day was administered
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according to age, BMI, AMH, AFC, and basal serum FSH concentration. After 5 days of treatment, an
ultrasound examination was performed. The gonadotropin dosage was adjusted according to follicle
development and serum E2, P, and LH concentrations.
Patients in the control group were administered a GnRH antagonist (cetrorelix acetate, Cetrotide®, Merck,
Germany) at a dose of 0.25 mg/day, which was initiated when at least one follicle was 14 mm in size or
the E2 concentration was ≥300 pg/ml. Treatment was continued until the day of trigger.
Patients in the experimental group were administered antagonist, and the dosage was based on the LH
concentration from day 6 of ovarian stimulation. No antagonist was administered if the LH concentration
was ≤4 IU/L. If the LH concentration was >4 IU/L or ≤6 IU/L, 0.125 mg of cetrorelix acetate was
administered daily for 2 days until the next blood test. If the LH concentration was >6 IU/L or ≤10 IU/L,
0.25 mg of cetrorelix acetate was administered daily for 2 days. If the LH concentration was >10 IU/L or
≤15 IU/L, 0.375 mg of cetrorelix acetate was administered daily for 1 day. If the LH concentration was
>15 IU/L, 0.5 mg of cetrorelix acetate was administered for 1 day. Whether or not antagonist co-treatment
was administered depended on an LH concentration of >4 IU/L until the day of trigger.
Oocyte retrieval, IVF, and embryo culture
Final oocyte maturation is induced when at least three follicles reach ≥18 mm in mean diameter using
2000-3000 IU of hCG and 0.2 mg of triptorelin (Decapeptyl®, Ipsen, France). Serum LH, E2,
and P concentrations were measured, and transvaginal ultrasound-guided oocyte retrieval was performed
35–36 h after the trigger injection. Embryo transfer (ET) is usually performed at the cleavage stage,
three days after fertilization, with two of the highest quality embryos. The remaining embryos are cultured
for two or three more days, and good quality blastocysts are vitrified. Fresh ET was cancelled if
patients were at risk of ovarian hyperstimulation syndrome (OHSS), had an unfavourable endometrium
(endometrial thickness of ≤6 mm or ≥16 mm, cavity fluid, or endometrial polyps), had a P concentration
of ≥1.5 ng/ml on the day of hCG trigger, or if no embryo was present. For frozen ET, the endometrium
was prepared using either a natural cycle regimen or an artificial cycle regimen based on the physicianof
decision.
Outcome measurement
The primary outcome measure was cumulative ongoing pregnancy rate per cycle. Ongoing pregnancy
was defined as a gestational period of more than 12 weeks and fetal heart activity on ultrasound.
Secondary outcomes were high-quality embryo rate, clinical pregnancy rate, and cancellation rate.
Moreover, differences in cost-effectiveness and adverse events were evaluated. High-quality embryos
were defined by two criteria: the number of cells in the embryo and their appearance under a high-power
microscope. Typically, high-quality embryos on day 3 contained 7 to 9 cells with moderate or no
fragmentation. Clinical pregnancy rate was defined as the presence of a gestational sac at 6–7 weeks of
gestation when visualized by transvaginal ultrasound. Cancellation rate was defined as the number of
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cycles with no embryo for transfer divided by the number of ovum pick-up cycles. Moderate OHSS was
diagnosed when ovarian enlargement of >5 cm and <12 cm was observed and when ultrasonographic
ascites was present with or without nausea, vomiting, and/or diarrhea. Severe OHSS was diagnosed
when ovarian enlargement of ≥12 cm was observed and when there was clinical evidence of ascites
and/or hydrothorax or breathing difficulties with or without hemoconcentration, severe hypoproteinemia,
abnormal liver function, coagulation abnormalities, or diminished renal function.
Study assessment
Screening and baseline assessments included an evaluation of the inclusion and exclusion criteria,
study recruitment, and informed consent processes. All patients were evaluated on the day of ovarian
stimulation from day 2 of the menstrual cycle. Treatment phase assessments included blood and
ultrasound monitoring of follicular development during ovarian stimulation. Hormone
analyses were performed during ovarian stimulation as follows: (1) on the day of stimulation; (2) 4–5
days after stimulation initiation; (3) on the day of trigger; (4) 2 days after egg retrieval.
A pregnancy test was performed 12–14 days after ET to confirm pregnancy. In the case of biochemical
pregnancy, vaginal ultrasound was performed 6–7 weeks after transplantation to confirm clinical
pregnancy. Pregnancy that proceeded beyond 12 weeks of gestation was defined as an ongoing
pregnancy. Pregnancy complications (e.g., ectopic pregnancy, OHSS, miscarriage, gestational
trophoblastic disease) will be evaluated by inspecting medical records.
Data analysis
Sample size calculation
The sample size calculation was based on the cumulative ongoing pregnancy rate. The cumulative
ongoing pregnancy rate per cycle in women with normal ovarian responses was approximately 70% in
our retrospective clinical database. Considering that a non-inferiority threshold should retain 80% of the
clinical effect of a control treatment, a minimum clinical difference of 14% (one-sided: α, 2.5%; β, 20%)
and a total of 338 patients were needed. Anticipating a 10% drop-out rate, the total number of patients
required was 372.
Data management
This trial is registered at clinicaltrials.gov (ChiCTR1800018077). A clinical trial electronic case report form
(http://www.clinicaltrialecrf.org) was used to record and deposit patient data to manage the data, monitor
the process, and promote research transparency. The study protocol (7 December 2018, version 1.0),
operational and procedural manuals, case report forms, informational brochures, and informed consent
forms were reviewed and approved by the eight participating hospitals.
Data analysis plan
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Intergroup differences in demographic variables and baseline information were compared before the
beginning of the study. Continuous data were analyzed using a two-sample t-test or Wilcoxon’s rank-sum
test, while categorical data were analyzed using the Chi-squared test or Fisher’s exact test.
The primary analysis used an intention-to-treat analysis approach to examine differences in the
cumulative ongoing pregnancy rate between the two groups using the Chi-squared test. The relative risk
and 95% confidence interval were calculated. The Chi-squared test or Fisher's exact test was used to
analyze secondary efficacy parameters and safety parameters (e.g., clinical pregnancy rate, OHSS rate,
cancellation rate).
An independent-samples t-test was used for continuous variables with a normal distribution, and the
Mann–Whitney U was used for data with a non-normal distribution. A P value of <0.05 (two-sided) was
considered statistically significant.
Missing data and dropouts
Patients who dropped out of the study for whatever reason could still undergo IVF treatment without
adversely affecting their cycle. Other outcome variables may have missing data due to
missed patient visits.
The flowchart of this study is presented in Fig. 1, and the SPIRIT checklist is included as Fig. 2.

Discussion
This study aimed to evaluate the efficacy of a LH-based flexible GnRH antagonist protocol in women with
a normal ovarian response. Moreover, we aimed to further determine whether LH could be used as an
indicator for the timing and dose of antagonist administration with the GnRH antagonist protocol. We
planned to enroll 372 subjects from eight academic IVF centers in China. Patient enrollment began on
August 29, 2018. The results of this multicenter randomized trial will provide strong evidence for a LHbased flexible GnRH antagonist protocol during ovarian stimulation in patients with normal ovarian
responses.
This study is a multicenter, randomized, prospective, parallel, non-inferiority study. A threshold
concentration of 4 IU/L of serum LH was used as the cut-off value to determine whether a GnRH
antagonist should be administered. This threshold is based on our previous study of frequent LH
measurements during ovarian stimulation [17]. Previously, we found that most patients with a low LH
concentration (<4 IU/L) throughout ovarian stimulation had no LH surge. Considering that administration
of a GnRH antagonist would further reduce the LH concentration, we decided to stimulate patients with
LH at a concentration of <4 IU/L without antagonist co-treatment. If our hypothesis proved to be true, a
new protocol could be established to control the LH concentration more effectively and potentially
improve the effectiveness of IVF treatment, especially in patients with low LH concentrations during
ovarian stimulation.
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The majority of patients had sufficient endogenous LH to successfully maintain follicular
development and oocyte maturation. However, a significant proportion of patients had
an insufficient endogenous LH concentration. Poor pregnancy outcomes were observed in patients who
had a continuously low LH concentration and in patients who experienced a sharp decrease in LH
concentration during follicular development from baseline [3–4,18–20]. A relative reduction in LH
concentration in the mid-follicle during GnRH agonist cycles results in a lower live birth rate [21– 24].
Studies have shown that when the serum LH concentration on trigger day is lower than one-third of the
baseline concentration, pregnancy and implantation rates are significantly reduced [25]. For patients with
endogenous LH deficiency, a regimen without antagonists would be more beneficial. Therefore, we
implemented this randomized controlled trial to illustrate that LH can be used as an indicator for
antagonist administration with a GnRH antagonist protocol among women undergoing ovarian
stimulation for IVF/ICSI. This scheme can be applied to all patients, but is more beneficial for patients
with insufficient endogenous LH concentrations. We hope to complete data collection and analysis in
order to provide recommendations for the choice of protocol. The data will provide us with a new
perspective on the administration of antagonist with a GnRH antagonist protocol.
Trial status
The protocol version number and date：version 1.0, 7 December 2018. The study was conceived and
designed in 2017. Enrollment began in 2018 and is expected to end in December 2020. At the time of
manuscript preparation, more than 200 subjects had been enrolled. Enrollment in this study was ongoing
at the time of manuscript submission.
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Figure 1
flowchart of the study design.
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