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A B S T R A C T

Objective(s): To study if the GnRH agonist administration in luteal phase improves clinical pregnancy rate
of fresh and frozen embryo transfer. Also, this meta-analysis compares the treatment effect of luteal
GnRH agonist administration between long agonist and antagonist protocols of fresh cycles, and between
two types of treatment: fresh and frozen embryo transfers.
Study design: Systematic review and meta-analysis (registration number CRD42017059152)
Results: For the overall 20 studies (5497 patients), clinical pregnancy rate significantly increased in group
of GnRH agonist administration compared to control group (RR 1.24, 95% CI 1.14–1.34, p < 0.0001).
Regarding the treatment effect of luteal GnRH agonist administration between long agonist and
antagonist protocol fresh cycles, no significant difference was observed (RR = 1.28, 95% CI 0.98–1.67,
p = 0.07). Also, in comparison between fresh and frozen embryo transfer, similar effect of GnRH agonist
administration was found (RR = 0.93, 95% CI 0.74–1.16, p = 0.49).
Conclusion(s): There is evidence that GnRH agonist administration in luteal phase improve clinical
pregnancy rate in both fresh and frozen cycles. Within fresh cycles, no significant difference of clinical
pregnancy rate is found between two protocols. In frozen cycles, the effect of GnRH agonist
administration in enhancing clinical pregnancy rate is similar to fresh cycles.
© 2019 The Author. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Successful implantation is an essential outcome in ART
treatment. However, with great effort to improve, this outcome
is still limited. In fact, among cases transferred with one or more
embryos, less than one-third results in a live birth [1–3] Adequate
luteal phase support is one of the acceptable solutions to improve
implantation and pregnancy rates [4,5] because luteal phase in
fresh or frozen cycles is deficient.

It is well established that following ovarian stimulation is an
insufficient luteal phase [6,7]. LH concentrations are low during
the luteal phase due to negative feedback on pituitary gland of
supra-physiological serum levels of steroids which are secreted by
multiple corpora lutea [6,8,9]. LH plays a substantial role to sustain
corpus luteum function as well as to enhance angiogenic factors,
growth factors, and cytokines that may benefit the implantation
[10,11]. Inhibit LH release results in premature luteolysis or
significant reduced luteal phase length [12]. Furthermore, in
artificial frozen-thawed embryo transfer (FET), the current trend of
assisted reproduction practice [13,14], there may be no corpus
luteum. Therefore, fertility treatment with fresh or FET cycles
requires adequate luteal support.

GnRH agonist (GnRHa) has been reported arguably to support
the luteal phase [15,16]. On the one hand, it is believed that GnRHa
with an appropriate dose may retain its stimulatory effect to
preserve LH production to support the luteal phase [17]. Moreover,
GnRHa may have a direct effect on early embryos in improving the
implantation [16]. On the other hand, GnRHa is reported to inhibit
progesterone production in human granulosa cell, and increase
apoptosis in granulosa cells [18]. They cause unfavorable outcomes
in IVF. Therefore, whether GnRHa administration during luteal
phase is useful or not is still in debate.

Some early meta-analyses reported the positive effect of mid-
luteal GnRHa administration [19,20]. Very few of them, however,
reported the results of luteal phase support on ovary stimulation
with GnRH antagonist protocol. Moreover, they did not compare
the treatment effect among protocols or include FET cycles. With
more relevant data available, this meta-analysis will update early
meta-analyses, compare treatment effect of mid-luteal GnRHa
administration on clinical pregnancy between two protocols, long
agonist (LGA) and antagonist (AG), and two types of treatments:
fresh and frozen embryo transfers.

Materials and methods

Protocol registration

This meta-analysis was performed according to PRISMA
statement. The protocol was registered at the international
prospective register of systematic reviews (PROSPERO) and
accepted with registration number CRD42017059152.

Eligibility criteria

For fresh cycles, we include randomized control trials (RCTs),
quasi-randomised control studies to assess the effects of the
GnRHa in luteal phase. There were only few RCTs about luteal
GnRHa in frozen transfer, so for frozen embryo transfer cycles, we
include randomized control trials, quasi-randomised control
studies and prospective cohort studies. Studies examining women
undergoing ART treatment with fresh or frozen embryo transfer
cycles (including oocyte recipient cycles) were eligible for the
review. The maximum age for fresh cycles was 41 and for frozen
cycles was 50. The intervention was addition of GnRHa during the
luteal phase. GnRHa can be used together with long agonist (LGA)
or antagonist protocol (AG) with the single dose or multi-dose. The
addition of GnRHa in the luteal phase was compared with standard
luteal phase support (with or without placebo). Exclusion criteria
included:

� Studies in which the ovarian stimulation protocols were different
between the study group and the control group

� The studies in which the drugs for final maturation of oocytes
were different between the control group and the GnRH agonist
group

� The studies in which final maturation of oocytes was reported
using GnRH agonist

� Unpublished studies

Information sources – search strategies – selection process

A computerized literature search in PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), EMBASE and RCT registries
(clinicaltrials.gov) covering the period up to March 2019 was
performed. Additionally, we hand-searched more potential eligible
studies among references of articles we found

We used the following terms: ((in vitro fertilization) or
(intracytoplasmic sperm injection) or (frozen-thawed embryo
transfer) or (oocyte recipients/donor cycles/ovum donation cycles)
or (embryo)) and ((agonist) or (buserelin) or (goserelin) or
(leuprolide) or (nafarelin) or (triptorelin)) and (luteal) and
(random* OR trial OR prospective OR cohort). There was no
language or publication date restriction.

Two independent reviewers (L.T.M.C and D.K.T) screened titles
and abstracts in each database, retrieved full-text articles
considered to be potentially eligible and evaluated the eligibility
of these studies. Our search results were checked against
references listed in previous meta-analyses to ensure all relevant
studies were found. The two reviewers checked the other’s
retrieved titles to remove duplicates. Disagreements between
two reviewers were solved by consensus.

Data collection process and items

Two reviewers also independently extracted data from included
trials. With a study with multiple records, we used the most recent
and most detailed publication. If more information was required,
we contacted the study authors by email.

The data extracted from each trial included: authors; country;
center; funding; study period; randomization method; eligible
criteria for patients; luteal phase support; number of patients in
each group; age; body mass index (BMI); number of embryo
transferred. For fresh embryo transfer cycles, we also extracted:
ovarian stimulation protocol; triggering drug; fertilization meth-
ods; number of oocytes retrieved. For frozen embryo transfer
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cycles, data extracted also included endometrial preparation and
endometrial thickness.

Outcomes and prioritization

Clinical pregnancy among participating women is the primary
outcome. Clinical pregnancy is defined as the presence of the
intrauterine gestational sac with positive heartbeat. When clinical
pregnancies were not reported, we used ongoing pregnancies as
primary outcome. Ongoing pregnancy was defined as pregnancy
proceeding beyond the 20th gestational week.

Risk of bias in individual studies

Two reviewers independently assessed the risk of bias in
individual studies: selection bias (random sequence generation,
allocation concealment), performance bias, detection bias, attrition
bias, reporting bias and other bias. We followed the Cochrane
Collaboration’s criteria for assessment, in which each risk was
classified into 3 categories: low risk, high risk or unclear. Disagree-
ments between two reviewers were reconciled by consensus.
According to the 7 risks of bias above, we classify the quality of
studies into 4 grades: grade 1 included randomized control trials
(RCTs) with no high risk, grade 2 included RCTs with at least one high
risk, grade 3 included quasi-RCTs, grade 4 included cohort study

Data synthesis

All statistical analyses were performed using R statistical packages
(release 2.15.2) [21,22]. The full analysis set from the studies was used
becauseit isascloseaspossibletotheintention-to-treat [ITT]principle
of including all randomized patients. In this analysis, the ITT
population consisted of all randomly allocated patients.

The meta-analysis used a random effects model because
unclear homogeneity of baseline conditions exist. Random model
Fig. 1. Study flo
generally produce a more conservative assessment, however, in
case of homogeneity, the power is similar to a fixed model. Random
effects model was calculated using both the restricted maximum
likelihood (REML) and the DerSimonian and Laird approach [23].
Meta-regression on the ITT dataset considered pre-specified
relevant covariates. Three covariates were selected: Publication
year, type (LGA, AG, FET), and methodological quality was tested as
a possible linear moderator. Clinical pregnancy or ongoing
pregnancy (in one study when clinical pregnancy was not
available) was our main endpoint. For binary variables (e.g.,
clinical pregnancy), the risk ratio (RR) was evaluated as the main
calculation of effect size [24]. To assess the heterogeneity across
the studies, we used I2 and Q-test.

The methodological quality of selected studies was evaluated
using three validity domains (internal, external, and statistical
validity [25,26]). Domain-based evaluations (17 items) were
performed by two investigators. Any discordance between the
reviewers was discussed and resolved via consensus and
summarized by an Internal validity score (IVS) that included
seven items, an external validity score (EVS) that included five
items, and statistical validity score (SVS) that included five items.
For studies with at least four inadequate items, a sensitivity
analysis was conducted with and without these items and results
considered reliable when the two selections provided the same
conclusions. The internal and external validity of the meta-
analysis were optimized by maximizing the sample size and
controlling for bias. Sources of external bias were assessed to
determine their possible impact on the observed effect size. The
risk of publication bias was assessed using the funnel plot
method.

Meta-bias

To avoid multiple-publication bias across studies, we checked
for duplicates in records of eligible studies. To identify the selective
w diagram.
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reporting bias, outcomes in the protocol and in the published
article were compared if study protocol was available. If not,
outcomes listed in the methods section were compared with those
reported in the results.

Results

Studies and patients

Of the 639 publications initially identified, there were 20
eligible published studies. In fresh cycle group, we have 10 RCTs
and 2 quasi-RCTs. In frozen cycle group, we have 5 RCTs,1 quasi-
RCTs and 2 cohort studies. All studies were published in English,
except one study in French in frozen group. This study was
translated into English before assessing study quality (Fig. 1).

In total, data from 5497 patients undergoing ovarian stimula-
tion for IVF/ICSI were available for analysis. Data for the co-primary
endpoints were available. A summary of the studies (n = 20), is
shown in Table 1.

Main endpoint (clinical pregnancy rate)

Among 20 studies, clinical pregnancy rate was reported in 19
studies and ongoing pregnancy rate was reported in 1 study
(Inamdar 2012 [45]). In the study of Tesarik 2006 on fresh cycles,
the author compared the luteal GnRHa administration in two types
of protocols: both long agonist and antagonist. As a result, we had
two studies from Tesarik 2006. Therefore, the total studies being
used to calculate were 21.

The methodological quality inspection detected 11 grade 1
studies, 4 grade 2 studies, 3 grade 3 studies and 2 grade 4 studies
(Table 2). These studies were not eliminated, but methodological
quality (MQ) was used as a covariate in a further meta-regression
to assess the influence and direction of MQ on results.

For theoverall setofstudies (irrespective ofclassificationLGA-AG-
FET), we found a significant benefit of using GnRHa in luteal phase for
clinical pregnancy with a rate: RR 1.24 (95% CI 1.14–1.34, p < 0.0001).
We detected between study heterogeneity (I2 = 22%, p = 0.18).

We then divided the whole set of studies into three categories
(LGA, AG, and FET) (Fig. 2):

In the LGA subset, a significant benefit is confirmed with
RR = 1.22 (95% CI 1.05–1.41, p = 0.009) (I2 = 48%, p = 0.05). Within
the AG group, a similar although slightly higher and significant
effect is found (RR = 1.49 (95% CI 1.17–1.90, p = 0.001)) with a
substantially low study heterogeneity (I2 = 5%, p = 0.37). In the FET
sub-group, we found a significant benefit for clinical pregnancy
rate with a rate: RR 1.22 (95% CI 1.11–1.34, p < 0.0001) without
suspicion of heterogeneity (I2 = 0%, p = 0.81).

A funnel plot based on all the studies showed acceptable
symmetry around the mean effect size and did not suspect
between studies biases (Fig. 3).

The following meta-regression was conducted (Table 3): we
compared the benefit of LGA, AG and FET, in using LGA as reference:
No significant difference was found between LGA and AG
(RR = 1.28, 95% CI 0.98–1.67, p = 0.07). Similarly, no significant
difference in luteal GnRHa effect was observed between fresh and
frozen cycles (RR = 0.93, 95% CI 0.74–1.16, p = 0.49).

We failed to find any effect of publication year (RR = 1.005/year,
95%CI 0.99–1.02, p = 0.54). By considering methodological quality
as a linear covariate, we did not find any effect of MQ (RR = 1.11/
category, 95%CI 0.996–1.228, p = 0.06).

Comment

There are some previous meta-analysis addressing the
effect of luteal GnRH agonist (GnRHa) in fresh cycles. Nowadays,
number of FET cycles increase in many ART units. The benefit of
luteal GnRHa administration in the overall system (fresh and
frozen embryo transfer) is needed to be evaluated. Because
these two types of treatment are different, the effect of luteal
GnRHa administration is analysed separately in each group of
treatment: two protocols of fresh cycles and FET cycles. Our
study showed that administration of GnRHa in luteal phase
increased clinical pregnancy rate by 24% (95% CI 14%–34%) in the
overall population including in both fresh cycles with
either GnRH antagonist or GnRH agonist ovarian stimulation
protocol and frozen cycles. These findings are consistent with
those of previous meta-analyses [19,20,46], however, aimed at a
broader target population including women seeking ART with
FET cycles.

The exact mechanisms of presumed beneficial effect of GnRHa
are unknown. Some theories have been proposed to explain for
the success of fresh cycles, the others for FET cycles. In general,
this intervention may work upon the corpus luteum, the
endometrium, and the embryo. GnRHa stimulates secretion of
LH from the pituitary, thus may maintain corpus luteum function.
GnRH receptors are also expressed in both stroma and epithelial
cells of endometrium particularly with the highest levels during
the luteal phase [47,48]. LH release brings benefit on endometri-
um by accelerating stimulation of angiogenic factors, growth
factors, and cytokines which improves implantation [10,11]. Also,
GnRH receptors are expressed on human embryos [18]. GnRH
seems to have the direct effect on embryo by firstly, a primary
regulator of human chorionic gonadotrophin synthesis and
secretion in both preimplantation embryos and in the placenta
[16,49]; and secondly, successful rates of implantation, delivery of
live birth [5,20]. The result of our study may support all these
theories related to beneficial consequence on fresh and frozen
cycles.

Then one practical question was raised is that which protocol or
treatment regime will have the most benefit from GnRHa
administration during the luteal phase. To answer this question,
the whole population of the study was divided into three
subgroups: LGA, AG, and FET.

For fresh cycles, two common protocols for ovarian stimulation
in in-vitro fertilization (IVF) are long down and short antagonist.
AG is a friendly protocol with shorter duration of stimulation,
lower dosage of using; and especially safer by reducing rate of
ovarian hyperstimulation syndrome (OHSS) [50–52]. Recently,
antagonist protocol combined with GnRH agonist trigger has been
introduced as an innovation strategy to reduce OHSS effectively
[53,54]. Also, GnRH antagonist, the expression of tissue inhibitors
of matrix metalloproteinases in stroma tissue, was reported as a
benefit factor to improve implantation of embryos [55]. Therefore,
if luteal support with GnRHa adds more benefit, the more
advantage to apply antagonist protocol for patients. Oliveira
et al. 2010, included 5 RCTs, showed that the clinical pregnancy rate
and ongoing pregnancy rate were not significantly different
between study group and control group in long protocol, but
statistically significantly higher clinical pregnancy rate and
ongoing pregnancy rate in study group in GnRH antagonist
protocol [19]. In our study the benefit of administration of GnRHa
in luteal phase to women using AG protocol (RR = 1.49 (95% CI 1.17–
1.90, p = 0.001)) is numerically larger than that of using LGA
protocol (RR = 1.22 (95% CI 1.05–1.41, p = 0.009)) but the difference
is not significant (RR = 1,28 (95% CI 0.98–1.67, p = 0.07). A larger
population of women using antagonist protocol is needed to get
the definitive answer. Notably, in our study, heterogeneity within
antagonist group (I2 = 5%) is much smaller compared to agonist
group (I2 = 48%)

Owning to advantages of effectively preventing ovarian
hyperstimulation syndrome [53] as well as enhancing IVF



Table 1
Summary of studies.

Study Number
of patient
in GnRH
agonist
group

Number
of
patient
in
control
group

Center Funding Methodology Patient population Study endpoints Results

1 Fujii 2001 [15] 161 158 Single
center

NR Allocation by patient’s
identification number
(odd and even)

Women undergoing IVF/ICSI
Age 33.6� 0.3

Implantation rate
Live birth rate per embryo
transferred
Clinical pregnancy rate

CPR: 44.5% vs 34.3%, p = 0.05
LBR per transferred embryos: 23.6%
vs 15.7%, p< 0.05

2 Tesarik 2006 [27] 300 300 NR NR Allocation by computer-
generated randomization
and sealed envelopes

Women undergoing ICSI.
Excluded women > 40 years of age and non-
obstructive azoospermia requiring testicular
sperm retrieval

Implantation rate
Clinical pregnancy rate
Ongoing pregnancy rate
Live birth rate

CPR 48.0% vs 39.3%, NS for long
agonist protocol
CPR 46.0% vs 36.0%, NS for GnRH
antagonist protocol

3 Isikoglu 2007 [28] 90 91 Single
center

NR Allocation by computer-
generated randomization

Women undergoing ICSI: Age 30.1� 4.9; BMI
24.2� 3.9 kg/m2

Implantation rate
Clinical pregnancy rate
Live birth rate

CPR: 44.88% vs 49.45%, p = 0.94
LBR: 37.77% vs 35.16%, p = 0.83

4 Qublan 2008 [29] 60 60 Single
center

NR Allocation by table of
random numbers available
in statistics textbook
Sealed, numbered opaque
envelopes

Basal FSH� 10 IU/l, P� 1.4 ng/ml, 19 – 36 years,
BMI 19 – 29 kg/m2, presence of both ovaries, �
3 prior cycles, endometrium thickness � 7mm

Implantation rate
Clinical pregnancy rate
Live birth rate

CPR 36.6% vs 13.3%, p< 0.01
LBR 31.6% vs 5.0%, p< 0.001

5 Ata008 [30] 285 285 Single
center

NR Allocation by computer-
generated randomization
Opaque and sealed
envelopes

Couples undergoing ART with their own
gametes and having at least one embryo
available for transfer
Age 30.7 – 31.9; BMI 23.1 – 24.1 kg/m2

Implantation rate
Clinical pregnancy rate
Ongoing pregnancy rate

CPR 42.8% vs 42.1%, p = 0.86
Ong PR 31.2% vs 29.5%, p = 0.65

6 Isik 2009 [31] 82 82 NR NR Allocation by computer-
generated randomization

Women undergoing ICSI
Age 35.56� 4.46
Excluded donor, freeze-thaw cycles and
surgical sperm extraction

Implantation rate
Clinical pregnancy rate
Live birth rate per embryo
transferred

CPR 40.5% vs 20.0%, p = 0.0055
LBR per embryo transferred 35.1%
vs 16.3%, p = 0.007

7 Razieh
2009 [32]

90 90 Single
center

Grant from
Research and
Clinical Center
for Infertility,
Iran

Allocation by drawing a
piece of paper from a bag
containing equal numbers
of papers assigned to each
group

Womenundergoing ICSI. Excludedwomen> 40
years old, poor responders in previous cycles

Implantation rate
Clinical pregnancy rate

CPR 25.5% vs 10.0%, p = 0.015

8 Inamdar
2012 [33]

213 213 Single
center

NR Allocation by computer-
generated randomization

Couples undergoing ART with at least one good
embryo available for transfer.
Excluded women > 38 years, untreated
hydrosalpinx, fibroid > 4 cm, adenomyosis,
endometrium < 6mm

Implantation rate
Clinical pregnancy rate
Ongoing pregnancy rate

Ong PR 27.69% vs 26.29%, p = 0.827
CPR 36.62% vs 38.21%, p = 0.841

9 Brigante 2013 [34] 29 33 Single
center

NR Allocation method not
reported

Women undergoing IVF/ICSI Clinical pregnancy rate
Ongoing pregnancy rate
Implantation rate

CPR 51.7% vs 24.2%, p< 0.02
Ong PR 44.8% vs 18.2%, p< 0.02

10 Yildiz 2014 [35] 200 100 Single
center

NR Allocation by computer-
generated randomization

ICSI cycles without gamete donation, day 3 FSH
level � 10 IU/l, age 20 – 40, BMI 20 – 30 kg/m2,
and presence of both ovaries

Implantation rate
Clinical pregnancy rate
Ongoing pregnancy rate
Miscarriage rate

Ong PR 36.0% in Group A and 42.9%
in Group B, 27.4% in control group,
p = 0.093
CPR 40.0% in Group A and 46.4% in
Group B, 31.6% in control group,
p = 0.123

11 Zafardoust
2015 [36]

50 50 Single
center

NR Allocation by computer-
generated randomization

< 42 years old, basal FSH levels< 12mIU/ml;�2
previous IVF/ICSI failures

Implantation rate
Clinical pregnancy rate

CPR 14% vs 7.5%, p = 0.485

12 Aboulghar 2015 [37] 224 222 Single
center

NR Allocation by computer-
generated randomization.
Dark, sealed envelopes

Women undergoing IVF/ICSI cycles. Excludes
patients > 39 years, previous �2 failed cycles,
uterine anomalies

Clinical pregnancy rate
Ongoing pregnancy rate

CPR 36.2% vs 30.6%, NS
Ong PR 30.4% vs. 25.7%, NS
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Table 1 (Continued)

Study Number
of patient
in GnRH
agonist
group

Number
of
patient
in
control
group

Center Funding Methodology Patient population Study endpoints Results

13 Tesarik 2004 [16] 138 138 NR NR Allocation based on
alphabetical order of the
patients’ surname

Oocyte donors: age 19-37, basal FSH< 7 IU/l,
AFC> 10
Oocyte recipients: age: 31-50, repeated
assisted reproduction failures with their own
oocytes, non-ovulating womenwith premature
or physiological menopause.

Implantation rate
Delivery rate
Miscarriage rate

CPR: 67.4% vs 54.3%
LBR: 60.9% vs. 48.6%
Birth rate: 31.1% vs 21.5%, p < 0.05

14 Check. J.H 2015 [38] 36 76 NR NR Allocation based on
patients’ decision

Recipients receiving donor oocytes Implantation rate
Clinical pregnancy rate
Live birth rate

CPR: 63.9% vs 39.5%, p = 0.027
LBR: 52.8% vs 32.9%, p = 0.009

15 Casanova 2015 [39] 43 35 Single
center

NR The study group was
conformed according to
patients’ agreement

Ovum recipients with at least one good quality
embryo (Age 41.1 – 42.1)
Severe male factors were excluded

Clinical pregnancy rate
Implantation rate
Abortion rate

CPR: 35.5% vs 34.4%, p = 0.809

16 Davar 2015 [40] 101 100 Single
center

Financial
supporter was
Research and
Clinical Center
for Infertility,
Iran

Allocation by computer-
generated randomization

Frozen-thawed embryo transfer cycles.
Excluded women <18 and >40 years of age,
oocyte recipients, systemic or endocrine
disorders, endometriosis, submucous fibroids,
intrauterine adhesions

Clinical pregnancy rate
Implantation rate
Ongoing pregnancy rate
Abortion rate

CPR: 26% vs 21%, p = 0.40
Ong PR: 22% vs 17%, p = 0.37

17 Gogce 2015 [41] 110 110 Single
center

NR Randomisation with
sealed opaque envelopes

Women undergoing artificial cycle of frozen-
thawed embryo transfer
Age 33.35 – 33.63
BMI 22.06 – 23.51 kg/m2

Ongoing pregnancy rate
Clinical pregnancy rate
Implantation rate

CPR: 23.4% vs 17.0%, p = 0.31
Ong PR: 17.0% vs. 10.6% p = 0.29

18 Seikula
2016 [42]

65 65 Multi
centers
(2)

Funded by the
University
Hospital of
Turku (Finland)
and Turku
University
Foundation

Randomisation with
sealed opaque envelopes

Frozen-thawed embryo transfer cycles with
natural menstrual cycles.
Excluded women age > 42yrs, donated cycles,
uterine cavity pathologies

Clinical pregnancy rate
Live birth rate
Miscarriage rate
Median birth weight

CPR: 38.5% vs 27.4%, p = 0.199
LBR: 30.8% vs 24.2%, p = 0.481

19 Seikula
2018 [43]

72 72 Multi
centers
(2)

Funded by the
University
Hospital of
Turku
(Finland),
Turku
University
Foundation and
Finnish Fertility
Society

Randomisation with
sealed opaque envelopes

Frozen-thawed embryo transfer cycles with
artificial cycles.
Excluded women age > 42yrs, donated cycles,
pathologies distorting the uterine cavity

Clinical pregnancy rate
Live birth rate
Miscarriage rate

CPR: 40.3% vs 36.1%, p = 0.693
LBR: 29.2% vs 19.4%, p = 0.113

20 Ye 2019 [44] 434 434 Single
center

NR Allocation by computer-
generated randomization

Women 20-37yrs, BMI� 28 kg/m2

Excluded oocyte recipients, uterine
abnormalitites

Clinical pregnancy rate
Ongoing pregnancy rate
Implantation rate
Miscarriage rate

CPR: 57.7% vs 58.7%, p = 0.781
Ong PR: 46.7% vs 49.3% p = 0.478

CPR: Clinical pregnancy rate.
Ong PR: Ongoing pregnancy rate.
LBR: Live birth rate.
NS: non-significant.
IVF: in-vitro fertilization, ICSI: intracytoplasmic sperm injection, ET: embryo transfer.
BMI: body mass index, AFC: antral follicle count.
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Table 2
Methodological quality classification of studies.

Type of studies Grade 1 Grade 2 Grade 3 Grade 4

Fresh cycle
studies

Tesarik 2006
Isikoglu 2007
Ata 2008
Isik 2009
Razieh 2009
Inamdar 2012
Aboulghar
2015

Qublan 2008
Yildiz 2014
Zafardoust
2015

Fujii 2001
Brigante
2013

Frozen cycle
studies

Davar 2015
Gogce 2015
Seikkula 2016
Seikkula 2018

Ye 2019 Tesarik
2004

Check 2015
Casanova
2015

Fig. 3. Funnel plot showing each study distinguishing between LGA, AG and FET.
O = LGA, D= AG, + = FET
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outcomes [56,57], FET cycles in IVF become popular. Improving
success by administration of GnRHa in luteal phase may put more
advantage for FET treatment. From the first report showing an
increasing pregnancy rates after the mid-luteal administration of
GnRHa in ovum donation [16], some similar papers on FET cycles
were published. However, conflictive results [16,38,40–42,58] and
small sample sizes prevent getting a definite conclusion. Our study,
including all relevant studies published, found an increase of
clinical pregnancy rate of 22% (95% CI from 11% to 34%) by adding
GnRHa in luteal phase with no evidence of heterogeneity (I2 = 0%,
Fig. 2. Forest plot with overall and separate effects of LGA, AG and FET.
Long agonist (LGA); antagonist (AG); frozen embryo transfer (FET)
p = 0.81). This result is an encouring data in clinical practice
especially during the time in which the tendency of FET cycles in
IVF clinics increases [13,14]. However, within the subgroup, two
out of eight studies are not randomized. In more details, the



Table 3
Meta regressions on Year (linearity assumption), GnHRa types (AG and FET
compared with LGA), and methodological quality (linearity assumption).

Coeff 95%CI P

Year 1.005 0.989 1.022 0.540
SHA compared with LGA 1.278 0.981 1.665 0.070
FET compared with LGA 0.925 0.740 1.156 0.494
Methodological quality 1.106 0.996 1.228 0.060
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comparison between fresh and frozen embryo transfer was
analysed. However, no different effect of GnRH agonist adminis-
tration was found (RR = 0.93, 95% CI 0.74–1.16, p = 0.49).

In brief, GnRHa administration in luteal phase improves clinical
pregnancy rate regardless fresh or FET cycles. No statistically
significant difference was found between AG and LGA, as well as
between fresh and frozen embryo transfer cycles.

This meta-analysis has involved in large numbers of studies
with large participants. However, not all studies are RCTs and some
studies have methodological flaws (Table 2). Nevertheless,
methodological quality was not found to affect the outcome
(p = 0.06). Moreover, there was no significant difference regarding
publication year (p = 0.54). So, to a certain extent, our study
provided an encouraging result.

Since there may be a direct effect of GnRHa on early embryonic
development, long-term follow up of children born after GnRHa
administration are needed.

Conclusions

Our meta analysis has large sample size including FET cycles,
and important biases are controlled. The study provides evidence
that GnRHa administration in luteal phase improve clinical
pregnancy rate in both fresh and frozen cycles. Within fresh
cycles, no significant difference of clinical pregnancy rate is found
between two protocols. In frozen cycles, the effect of GnRH agonist
administration in enhancing clinical pregnancy rate is similar to
fresh cycles. More studies of antagonist protocol and more RCTs for
FET cycles are needed to confirm the outcome.
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