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Introduction: Nowadays, frozen-thawed embryo transfer (FET) has become

one of the standard treatments for infertility in the field of assisted

reproductive technology (ART). Natural cycle FET (NC-FET) has many

advantages, such as simplicity and economics, no effect on patients’

menstrual cycles, estrogen and progesterone levels, as well as no interference

in endometrial growth and transformation, which is aligned with the

natural physiological state of embryo implantation. Nonetheless, there is a

controversy regarding the need for luteal phase support (LPS) during NC-FET

cycles. The purpose of this study is to assess whether LPS was not inferior to

non-LPS in terms of OPR in NC-FET cycles.

Methods and analysis: This study including 1,010 ovulatory women

undergoing in vitro fertilization (IVF)/intracytoplasmic sperm injection (ICSI)

cycles with an elective freeze-all strategy followed by NC-FET will be

performed at four university-affiliated reproductive centers. Participants will

be randomly assigned in a 1:1 ratio to receive LPS treatment or not. This

study is designed as an open-label, non-inferiority, randomized controlled trial

(RCT), and the primary statistical strategies were intention-to-treat (ITT) and

per-protocol (PP) analysis.

Discussion: There may not have been any significant difference in the chance

of a live birth after FET if no progesterone was supplemental during the

luteal phase. However, due to the limited number of previous studies, which

are mainly retrospective, evidence is still limited. Thus, by conducting this

multicenter RCT, we intend to evaluate whether LPS is necessary in NC-FET.

Ethics and dissemination: A Reproductive Ethics Committee of the Affiliated

Hospital of Shandong University of Traditional Chinese Medicine (SDUTCM)

has approved this study. This study will handle the data as required by general

data protection regulations. Participants will sign a written informed consent
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regarding participation in the study and storage of blood samples in a biobank

for future research. This study will be monitored by study personnel trained in

Good Clinical Practice who are not involved in the study. The results of this

study will be disseminated through publication in international peer-reviewed

scientific journals.

Clinical trial registration: [https://www.chictr.org.cn/], identifier

[ChiCTR2200057498].

KEYWORDS

luteal phase support (LPS), natural cycle, frozen embryo transfer (FET), spontaneous
ovulation, assisted reproductive technology (ART)

Highlights

- The first clinical trial to demonstrate that NC-FET without
LPS can be non-inferior to NC-FET with LPS, minimizing the
pain and need for medication.

- The purpose of this study is to provide more evidence-based
support through a multicenter, non-inferiority, randomized
controlled trial.

- Physicians and participants could not be blinded to treatment
allocation.

Introduction

In recent years, with the significant improvement of ovarian
stimulation regimens and embryo cryopreservation and thawing
techniques, the frozen-thawed embryo transfer (FET) procedure
has gained more popularity in assisted reproductive technology
(ART) than fresh embryo transfer (1). Additionally, it has
been shown that FET is effective in reducing the incidence
of ovarian hyperstimulation syndrome (OHSS), preserving
remaining embryos, and increasing the cumulative live birth
rate (LBR) (2, 3). In general, NC-FET is indicated for
patients who experience regular ovulation (4, 5). The NC-
FET is cost-effective, does not affect the menstrual cycle, does
not interfere with estrogen and progesterone (P4) levels, or
endometrial growth and transformation, and conforms to the
natural physiological state of embryo implantation, despite the
disadvantages of repeated monitoring and high cancelation rates
(6). Furthermore, a recent large retrospective study involving
14,421 cycles demonstrated a lower early pregnancy loss rate
with NC-FET, while the LBR was higher.

In NC-FET cycles, the necessity of luteal phase support
(LPS) is still controversial. An investigation of 84 UK IVF
clinics revealed that, in natural FET cycles, 31% administer
LPS always, while 44% administer it sometimes (7). In another
online survey of 179 IVF clinics around the world (representing

an estimated 39 thousand FET cycles annually), it was found
that more than half (57%) of clinics are using LPS in natural
FET cycles, and 49% of clinics are using P4 exclusively (8).
Despite common use, LPS is not universally used in natural FET
cycles, as both surveys underscore. In 2013, a RCT with small
sample size (n = 102) conducted by Eftekhar et al. comparing
NC-FET with no LPS, LPS did not result in higher clinical
pregnancy and implantation rates or lower miscarriage rates
(9). Coincidentally, Waldman et al. reported similar results
in their retrospective study (10). Nevertheless, several recent
studies showed that patients undergoing LPS with vaginal P4

in NC-FET had higher LBR and lower miscarriage rates (11–
13). In addition to LPS with P4, patients who received LPS
by intramuscular human chorionic gonadotropin (hCG) had a
higher ongoing pregnancy rate (OPR) in NC-FET, whereas the
RCT results of Lee et al. indicated that this LPS protocol did not
exert a similar effect on the OPR (14, 15). Recent meta-analyses
indicated a positive impact of P4 supplementation after FET in
natural cycles (16–18), but further large RCTs are required to
confirm these findings.

Therefore, it is still unclear whether or not we should
perform LPS in NC-FET. Additionally, previous studies still
have limitations such as single center, small sample size, large
population heterogeneity, different types, routes and times of
P4 administration, and inconsistent study endpoint settings.
Thus, to determine whether LPS affects reproductive outcomes
in NC-FETs, we conducted this well-designed RCT.

Methods and analysis

Study design

The study is designed as an open-label, non-inferiority RCT,
including reproductive centers of four tertiary care hospitals in
mainland China. The flow chart and study process schedule are
shown in Figure 1 and Table 1.
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FIGURE 1

Study flow chart.

Objectives

At present, there is no clear evidence to suggest that LPS is
required for NC-FET cycles following spontaneous ovulation.
Therefore, there is still a fierce debate in clinical practice about
whether patients treated with NC-FET should receive LPS. Our
hypothesis is that no LPS is not inferior to OPRs in patients
treated with LPS.

Eligibility criteria

Inclusion criteria
Having regular ovulatory cycle; at least one embryo or

blastocyst available for transfer.

Exclusion criteria
Age ≥ 45 years old, body mass index (BMI) ≥ 30 kg/m2;

oocyte donation cycle; chromosomal abnormalities in both
or one of the couples.; egg donation cycle; history of pelvic
chemoradiotherapy; polycystic ovarian syndrome (PCOS);
ovarian endometrioma, uterine fibroids, endometrial polyps
or intrauterine adhesions requiring surgical treatment; history
of repeated implantation failure (Infertile patients < 40 years
old experience ≥ 3 oocyte retrieval cycles, and fresh or FETs
cumulatively transfer at least four high-quality embryos without
clinical pregnancy) and recurrent pregnancy loss (two or more
pregnancy losses). Patients may withdraw from the study at any
time without reason.

Study population and recruitment

The study population include patients undergoing elective
freeze-all strategy following IVF/ICSI cycles. Morphological
evaluation of cleavage-stage embryos and blastocysts will be
performed according to the Racowsky et al. (19) and the
Gardner Scoring System (20), respectively. At least one grade
I or II embryo with D3 blastomeres > 6 or high-quality
blastocysts with a score ≥ 3BB will be cryopreserved. The
investigators will contact all patients interested and eligible for
the study by telephone. Patients interested in participating in the
study will visit the corresponding reproductive center on days
2–4 of the menstrual cycle, after having fully understood the
content of the study. Here, they further understand the details
of the study and sign an informed consent. Each individual
may be included only once and only in the first FET cycle
after the oocyte retrieval. All medical personnel in the study
will receive all necessary information and training to uniformly
handle patients at each reproductive center. All sites staff have
sufficient experience in conducting clinical trials.

Randomization

Randomization will be performed by an independent
statistician using a computer-generated randomization schedule
with block randomization (block size of four) stratified by
female age (< or ≥ 35 years) at LH-surge day in NC-FET cycle.
Patients will be randomized in a 1:1 ratio to one of the following
groups: (i) LPS group: Patients will receive vaginal combined
intramuscular P4 treatment starting on the day of ovulation.
(ii) Non-LPS group: Neither LPS nor any other therapies are
administered to patients.

Interventions

Frozen-thawed embryo transfer will be performed in NC
with spontaneous ovulation. Transvaginal ultrasonography
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(TVUS) is used to monitor follicular development and
endometrial growth. In the late follicular phase, that is,
on days 8–12 of the cycle (depending on the length of
the patient’s menstrual cycle), when the dominant follicle
develops to a mean diameter of more than 14 mm,
serum LH level is monitored every other day until the
LH surge appeared (21). When the endometrial thickness
reaches more than 8 mm and the endometrium is
classified as type A or B, embryo transfer is performed
4 days (D3 embryos) or 6 days (D5/D6 blastocysts)
after the appearance of the LH surge. If luteinization
of unruptured follicles occurs, embryo transfer is
canceled. Plasma hCG levels were measured 14 days after
embryo transfer.

Patients in the LPS group are given P4 sustained-release gel
Crinone R© 8% (Crinone, Merck Serono, Switzerland) vaginally,
90 mg/time, once a day and P4 injection (Zhejiang Xianju
Pharmaceutical Co., Ltd., Zhejiang, China) intramuscularly,
20 mg/vial, twice a day until 14 days after FET (21). For
pregnant women, LPS treatment should be continued until
10 weeks of gestation.

Data collection

Relevant treatment data of patients are collected at
the corresponding time points: (1) basic data (2–4 days
of menstruation); (2) dominant follicle development to an
average diameter of more than 14 mm to the day of
ovulation under TVUS monitoring; (3) D3 embryo transfer
day (ovulation day + 4 days); (4) blastocyst transfer day
(ovulation day + 6 days); (5) pregnancy test day (embryo
transfer day + 14 days). In the case of pregnancy and
delivery, data will be collected from the patient’s medical
records as well as the birth records of the newborn for
registration of obstetric and neonatal outcomes up to 1 year
after delivery. Any protocol deviations or unanticipated effects
on the conduct of the trial will be registered. All study personnel
will be trained in data collection and entry, handling of data
discrepancies, and procedures performed during study visits.
Data collection forms are available by contacting the study
steering committee.

Blood sample collection

As part of the basic data stage, follicle-stimulating hormone
(FSH), LH, estradiol (E2), and P4 should be measured,
followed by LH, E2, and P4 until an LH surge occurs. E2

and P4 should be measured on the day of embryo transfer,
and E2, P4, and β-hCG should be measured on the day
of pregnancy test.
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Research biobank and biobank for
future research projects

In addition to samples for serial analysis, a total of 12 ml
of blood samples (serum, and plasma) will be drawn at each
sampling time and stored in a -20◦/-80◦ freezer at Rigs
Hospitalet. Samples will be identified by anonymous subject ID
numbers to maintain subject confidentiality. In this study, the
sample can be used as a backup of continuous analytical samples
or stored in a biological sample bank for possible future research
projects. Patients will be asked to sign a separate informed
consent form to store the blood samples in a biobank for future
research. Additional approval from the Ethics Committee will
be required for future projects. If samples are not used, they
will be destroyed according to the biomaterial destruction rules
after the end of the study or no later than 5 years after the last
patient is enrolled.

Transvaginal ultrasound

During FET cycles, Transvaginal ultrasonography is
required as per clinical routine. Transvaginal ultrasonography
is used to determine endometrial thickness and antral follicle
number on days 2–5 of menstruation in a treatment cycle.
Endometrial thickness and the size of the dominant follicle
are estimated in the late follicular phase, i.e., on days 8–12 of
the cycle depending on the length of the patient’s menstrual
cycle. TVUS was repeated until the dominant follicle reached
more than 17–18 mm and an LH surge appeared. If conception
occurs, an early pregnancy scan will be performed at pregnancy
7–8 to assess fetal viability and crown-rump length.

Data management

According to the informed consent form signed by all study
participants, the study staff and relevant regulatory authorities
can directly access the relevant data of patients to study and
follow up the relevant conditions of patients and facilitate
the quality control. All data for the study will be uploaded
into electronic case report forms in the study’s electronic data
capture system for ease of data integration and management.
The study electronic data capture system had a complete audit
trail based on anonymous subject identification numbers used
in the study. The system will interval program numeric data
to detect possible input errors in the study. This platform is
protected by a password-protected access system. The system
will automatically backup data daily and store it on the server.
Documents containing patient identifying information will be
stored separately in a document with limited access. Source
documents will be reviewed by Good Clinical Practice-trained
study personnel (not participating in the study) to ensure
completeness and accuracy of the data. The reviewer will assess

the overall quality of the data and confirm that the site meets
the protocol requirements. Data will be processed in accordance
with the Data Protection Act and approved by the Data Review
Center. The principal study site will develop a unified data
processing agreement form with other cooperative centers and
strictly implement it.

Data sharing plan

Study data will be shared according to International
Committee of Medical Journal Editors guidelines. Data sharing
may occur with parties who provide the purpose associated
with the detailed use of data. The other party’s study must
obtain the corresponding study approval. The study data will
not be shared with the same team as the purpose of this study.
Data sharing will take place 3 months after the publication of
papers involving the study’s primary and secondary outcomes.
Any new research project must be conducted under the
premise of approval. The party requesting data sharing will be
charged accordingly.

Outcome measures

Primary outcome
The primary outcome is OPR. Ongoing pregnancy is defined

as intrauterine pregnancy confirmed by TVUS examination
at more than 12 weeks of gestation accompanied by normal
fetal heart beats.

Secondary outcomes
(1) Positive pregnancy: positive pregnancy refers to serum

β-hCG ≥ 10 mIU/ml 14 days after embryo transfer; (2) Embryo
implantation rate: the number of gestational sacs determined
by TVUS examination divided by the total number of embryos
transferred; (3) Pregnancy loss: pregnancy loss refers to the
loss of an intrauterine pregnancy that is less than 28 weeks
gestational age; (4) Ectopic pregnancy: ectopic pregnancy refers
to the implantation and development of embryos in sites other
than the uterine coelom; (5) Multiple pregnancy: multiple
pregnancy refers to the simultaneous presence of two or more
fetuses in the uterine cavity; (6) Live birth: live birth refers
to newborns with gestational age at delivery ≥ 24 weeks and
heartbeat and respiration; (7) Pregnancy-related complications:
including preeclampsia, gestational hypertension, cesarean
section, and postpartum hemorrhage (>1,000 ml); (8) Obstetric
complications: including gestational diabetes (GD), placental
pathology (accreta, previa), specify spontaneous preterm birth
or induced preterm birth; macrosomia; small for gestational
age, large for gestational age; low birth weight: [absolute weight,
relative weight compared to mean at specific gestational local
reference curve (p or Z-value)], and perinatal death.
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Non-inferiority design and power
calculation

The present study will adopt the non-inferiority design. Due
to previous studies showing that NC-FET treated with LPS does
not achieve the same outcome as NC-FET treated without LPS,
and that treatment without LPS has the advantages of being less
costly and less painful. Specifically, we assumed a 10% margin
of non-inferiority and a 50% OPR in two arms based on our
center’s experience with FET. The number of cases in each group
was calculated at 429, according to the design of 1:1 parallel non-
inferiority, the unilateral test with alpha = 0.05, and the power of
90%. Assuming a drop rate of 15%, there are 505 cases per group
and 1,010 cases for the two groups.

Drop-outs and cancel cycles

Dropout refers to the study participants’ voluntary decision
to withdraw from the study due to personal subjective factors.
The canceled cycles were those who were forced to cancel
the cycles due to endometrial lesions found in TVUS, failure
of follicular development or failure of embryo thawing and
resuscitation up to 21 days in the cycle. The researchers
will make a detailed summary of the number and causes
of dropout and cancelation in both groups and completion
characteristics within and between groups. Based on our
experience, the dropout rate will be up to 15%. If the actual
dropout rate is higher than expected, we will discuss the
potential bias, analyze the differences between the results and
draw conclusions accordingly.

Statistical analysis and interpretation of
data

The intention-to-treat (ITT) analysis includes both dropout
and cancelation cycles. The per-protocol (PP) analysis includes
all patients who strictly followed the study protocol. In the as-
treated analysis, patients who subsequently received LPS but
not NC-FET are excluded, however, those who subsequently
received LPS from NC-FET until 10 weeks of gestation
are included. We measured OPRs and identified differences
between groups based on relative risk (RR) and 95 confidence
interval (CI). PP analyses will be also performed for all
reproductive outcomes.

Continuous data were compared using Student’s t-test
and results are presented as mean (standard deviation,
SD) or median (inter-quartile range, IQR). Categorical data
with expected frequencies less than five is assessed using
χ2 analysis and Fisher’s exact test. P-values less than 0.05
is considered statistically significant. Data analysis will be
performed using SPSS 26.0 and R 4.1.3. Multivariate logistic

regression analysis will be performed to identify variables
independently associated with OPR.

Patient and public involvement
statement

Patients and the public are not involved in developing
research questions or study design. The results of the study
will be disseminated to the participants and their families by
telephone and the patient’s attending physician.

Ethics and dissemination

This study has received ethical approval from the
Reproductive Ethics Committee of the Affiliated Hospital
of SDUTCM (SDUTCM-RM-2022076) and all participating
hospitals. The researchers had obtained written informed
consent from each patient participating in the study before
the start of the study. Any amendments to the protocol that
could affect the design, conduct, and safety of the study will be
implemented after formal amendment by a committee. Data
will be reviewed and approved by an external Data and Safety
Monitoring Board. Details of data management will be given
elsewhere in this paper.

It is sufficiently assured that the trial personnel’s safety is
assured. Whether they are administered LPS after NC-FET make
the difference between the two regimens. We don’t expect there
to be a difference in the OPR between those who receive LPS
and those who do not receive LPS. In most cases, the study
will not cause discomfort or harm to the patient. When blood
is drawn and P4 is injected intramuscularly, the patient may
feel pain and discomfort and may experience minor bruising.
Neither will participants incur additional financial costs nor
will they receive financial compensation for participating in
the clinical study.

The study will be presented at national and international
scientific meetings by presenting the results in scientific
journals and the Chinese Clinical Trial Registry (ChiCTR)
and published in high impact peer-reviewed international
scientific journals for reproductive medicine. The
results of the common interest will be reported in the
public media.

Discussion

At present, there is no clear evidence that LPS is required
for NC-FET cycles following spontaneous ovulation. Therefore,
Weissman conducted a web survey of FET in 2020 involving
179 IVF centers in 56 countries involving 39152 FET cycles (8).
In this survey, it was found that 44% of participants did not
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administer LPS to patients during NC-FET cycles. At present,
relevant studies have the limitations of multi-center, insufficient
sample size, different types and routes of P4 administration,
and different administration time, so larger RCTs are needed
for further study. We designed this multi-center large RCT
by a group of experienced professionals for this purpose. In
our hypothesis, patients without LPS do not experience a
lower OPR than those who receive LPS treatment. Provided
that the hypothesis is validated, we can minimize the pain
and economic burden caused by medication. The results of
this study may be implemented clinically immediately after
publication. Consequently, we hope that this study will lead
to the development of new standards in NC-FETs on both a
national and international scale.

Trial status

The trial was registered on 14 March 2022 (ChiTR). The
actual study start date was 1 July 2022 and the expected
study end date was 31 December 2023. The enrollment start
date was 15 July 2022; the anticipated enrollment end date
was 31 May 2023.

Author contributions

J-YS and Z-GS participated in the conception, design,
writing, and editing of the study protocol. W-JJ wrote the first
draft. All authors were involved in the critical revision of this
manuscript and approved the final version of the manuscript
prior to submission.

Funding

This study was funded by the National Natural Science
Foundation of China (81874484).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Author disclaimer

The funding sources had no role in the design of this
study and will not have any role during its execution, analyses,
interpretation of data, or decision to submit results. The authors
are fully responsible for the content of this manuscript and the
views and opinions described in the publication reflect solely
those of the authors.

References

1. Rienzi L, Gracia C, Maggiulli R, LaBarbera AR, Kaser DJ, Ubaldi FM, et al.
Oocyte, embryo and blastocyst cryopreservation in ART: systematic review and
meta-analysis comparing slow-freezing versus vitrification to produce evidence
for the development of global guidance. Hum Reprod Update. (2017) 23:139–55.
doi: 10.1093/humupd/dmw038

2. Zech J, Brandao A, Zech M, Lugger K, Neururer S, Ulmer H, et al.
Elective frozen-thawed embryo transfer (FET) in women at risk for ovarian
hyperstimulation syndrome. Reprod Biol. (2018) 18:46–52. doi: 10.1016/j.repbio.
2017.12.004

3. Roque M, Lattes K, Serra S, Sola I, Geber S, Carreras R, et al. Fresh embryo
transfer versus frozen embryo transfer in in vitro fertilization cycles: a systematic
review and meta-analysis. Fertil Steril. (2013) 99:156–62. doi: 10.1016/j.fertnstert.
2012.09.003

4. Orvieto R, Feldman N, Lantsberg D, Manela D, Zilberberg E, Haas
J. Natural cycle frozen-thawed embryo transfer-can we improve cycle
outcome? J Assist Reprod Genet. (2016) 33:611–5. doi: 10.1007/s10815-016-
0685-5

5. Montagut M, Santos-Ribeiro S, De Vos M, Polyzos NP, Drakopoulos
P, Mackens S, et al. Frozen-thawed embryo transfers in natural cycles with
spontaneous or induced ovulation: the search for the best protocol continues. Hum
Reprod. (2016) 31:2803–10. doi: 10.1093/humrep/dew263

6. Gellersen B, Brosens JJ. Cyclic decidualization of the human endometrium in
reproductive health and failure. Endocr Rev. (2014) 35:851–905. doi: 10.1210/er.
2014-1045

7. Noble M, Child T. A UK-wide cross-sectional survey of practice exploring
current trends in endometrial preparation for frozen-thawed embryo replacement.
Hum Fertil (Camb). (2022) 25:283–90. doi: 10.1080/14647273.2020.1786171

8. Weissman A. Frozen-Thawed Embryo Transfer. (2020). Available online
at: https://ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-
frozen-thawed-embryo-transfer.html (accessed February 15, 2022).

9. Eftekhar M, Rahsepar M, Rahmani E. Effect of progesterone supplementation
on natural frozen-thawed embryo transfer cycles: a randomized controlled trial. Int
J Fertil Steril. (2013) 7:13–20.

10. Waldman IN, Racowsky C, Disler ER, Thomas A, Lanes A, Hornstein
MD. The clinical relevance of luteal phase progesterone support in true
natural cycle cryopreserved blastocyst stage embryo transfers: a retrospective
cohort study. Fertil Res Pract. (2021) 7:4. doi: 10.1186/s40738-021-0
0096-5

11. Bjuresten K, Landgren BM, Hovatta O, Stavreus-Evers A. Luteal phase
progesterone increases live birth rate after frozen embryo transfer. Fertil Steril.
(2011) 95:534–7. doi: 10.1016/j.fertnstert.2010.05.019

Frontiers in Medicine 07 frontiersin.org

https://doi.org/10.3389/fmed.2022.1014946
https://doi.org/10.1093/humupd/dmw038
https://doi.org/10.1016/j.repbio.2017.12.004
https://doi.org/10.1016/j.repbio.2017.12.004
https://doi.org/10.1016/j.fertnstert.2012.09.003
https://doi.org/10.1016/j.fertnstert.2012.09.003
https://doi.org/10.1007/s10815-016-0685-5
https://doi.org/10.1007/s10815-016-0685-5
https://doi.org/10.1093/humrep/dew263
https://doi.org/10.1210/er.2014-1045
https://doi.org/10.1210/er.2014-1045
https://doi.org/10.1080/14647273.2020.1786171
https://ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html
https://ivf-worldwide.com/survey/frozen-thawed-embryo-transfer/results-frozen-thawed-embryo-transfer.html
https://doi.org/10.1186/s40738-021-00096-5
https://doi.org/10.1186/s40738-021-00096-5
https://doi.org/10.1016/j.fertnstert.2010.05.019
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/


fmed-09-1014946 November 9, 2022 Time: 15:26 # 8

Jiang et al. 10.3389/fmed.2022.1014946

12. Veleva Z, Orava M, Nuojua-Huttunen S, Tapanainen JS, Martikainen H.
Factors affecting the outcome of frozen-thawed embryo transfer. Hum Reprod.
(2013) 28:2425–31. doi: 10.1093/humrep/det251

13. Kim CH, Lee YJ, Lee KH, Kwon SK, Kim SH, Chae HD, et al. The effect
of luteal phase progesterone supplementation on natural frozen-thawed embryo
transfer cycles. Obstet Gynecol Sci. (2014) 57:291–6. doi: 10.5468/ogs.2014.57.
4.291

14. Reichman DE, Stewart CR, Rosenwaks Z. Natural frozen embryo transfer
with hCG booster leads to improved cycle outcomes: a retrospective cohort
study. J Assist Reprod Genet. (2020) 37:1177–82. doi: 10.1007/s10815-020-0
1740-7

15. Lee VC, Li RH, Ng EH, Yeung WS, Ho PC. Luteal phase support does
not improve the clinical pregnancy rate of natural cycle frozen-thawed embryo
transfer: a retrospective analysis. Eur J Obstet Gynecol Reprod Biol. (2013) 169:50–3.
doi: 10.1016/j.ejogrb.2013.02.005

16. Seol A, Shim YJ, Kim SW, Kim SK, Lee JR, Jee BC, et al. Effect of luteal
phase support with vaginal progesterone on pregnancy outcomes in natural frozen
embryo transfer cycles: a meta-analysis. Clin Exp Reprod Med. (2020) 47:147–52.
doi: 10.5653/cerm.2019.03132

17. Lawrenz B, Fatemi HM. Should women receive luteal support following
natural cycle frozen embryo transfer? A systematic review and meta-analysis.
Critical assessment of a review and meta-analysis. Hum Reprod Update. (2021)
27:797–8. doi: 10.1093/humupd/dmab020

18. Mizrachi Y, Horowitz E, Ganer Herman H, Farhi J, Raziel A, Weissman
A. Should women receive luteal support following natural cycle frozen embryo
transfer? A systematic review and meta-analysis. Hum Reprod Update. (2021)
27:643–50. doi: 10.1093/humupd/dmab011

19. Racowsky C, Combelles CM, Nureddin A, Pan Y, Finn A, Miles L, et al. Day
3 and day 5 morphological predictors of embryo viability. Reprod BioMed Online.
(2003) 6:323–31. doi: 10.1016/S1472-6483(10)61852-4

20. David K, Gardner DP, Michelle Lane PD, John Stevens MT, Terry Schlenker
MA, William B, et al. Blastocyst score affects implantation and pregnancy outcome:
towards a single blastocyst transfer. Fertil Steril. (2000) 73:1155–8. doi: 10.1016/
S0015-0282(00)00518-5

21. Devine K, Richter KS, Jahandideh S, Widra EA, McKeeby JL. Intramuscular
progesterone optimizes live birth from programmed frozen embryo transfer: a
randomized clinical trial. Fertil Steril. (2021) 116:633–43. doi: 10.1016/j.fertnstert.
2021.04.013

Frontiers in Medicine 08 frontiersin.org

https://doi.org/10.3389/fmed.2022.1014946
https://doi.org/10.1093/humrep/det251
https://doi.org/10.5468/ogs.2014.57.4.291
https://doi.org/10.5468/ogs.2014.57.4.291
https://doi.org/10.1007/s10815-020-01740-7
https://doi.org/10.1007/s10815-020-01740-7
https://doi.org/10.1016/j.ejogrb.2013.02.005
https://doi.org/10.5653/cerm.2019.03132
https://doi.org/10.1093/humupd/dmab020
https://doi.org/10.1093/humupd/dmab011
https://doi.org/10.1016/S1472-6483(10)61852-4
https://doi.org/10.1016/S0015-0282(00)00518-5
https://doi.org/10.1016/S0015-0282(00)00518-5
https://doi.org/10.1016/j.fertnstert.2021.04.013
https://doi.org/10.1016/j.fertnstert.2021.04.013
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

	Impact of progesterone-free luteal phase support following natural cycle frozen embryo transfer: Study protocol for a multicenter, non-inferiority, randomized controlled trial
	Highlights
	Introduction
	Methods and analysis
	Study design
	Objectives
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Study population and recruitment
	Randomization
	Interventions
	Data collection
	Blood sample collection
	Research biobank and biobank for future research projects
	Transvaginal ultrasound
	Data management
	Data sharing plan
	Outcome measures
	Primary outcome
	Secondary outcomes

	Non-inferiority design and power calculation
	Drop-outs and cancel cycles
	Statistical analysis and interpretation of data
	Patient and public involvement statement
	Ethics and dissemination

	Discussion
	Trial status
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Author disclaimer
	References


