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Abstract

primary outcome.

patients with RIF.

Background: Recurrent implantation failure (RIF) brings great challenges to clinicians and causes deep frustration
to patients. Previous data has suggested that prednisone may play a promising role in the establishment of
pregnancy and help improve the pregnancy outcome in women with RIF. But there is insufficient evidence from
randomized clinical trials that had adequate power to determine if prednisone can enhance live births as the

Methods/design: This trial is a prospective, multicenter, randomized, double-blind, placebo-controlled clinical trial
(1:1 ratio of prednisone versus placebo). Infertile patients with RIF who intend to undergo frozen-thawed embryo
transfer (FET) after in vitro fertilization (IVF) or intracytoplasmic sperm injection (ICSI) or pre-implantation genetic
testing for aneuploidy (PGT-A) will be enrolled and randomly assigned to two parallel groups. Participants will be
given the treatment of prednisone or placebo from the start of endometrial preparation till the end of the first
trimester of pregnancy if pregnant. The primary outcome is live birth rate.

Discussion: The results of this study will provide evidence for the effect of prednisone on pregnancy outcomes in

Trial registration: Chinese Clinical Trial Registry, ChiCTR1800018783. Registered on 9 October 2018.

Keywords: Prednisone, Recurrent implantation failure, Randomized controlled trial, Live birth

Background

Nowadays, infertility affects 8—12% of couples at repro-
ductive age and has become a global problem [1]. In
vitro fertilization (IVF) is widely used and well received
in couples with reproductive difficulties. However, des-
pite the optimal use of reproductive technologies (such
as controlled ovarian hyper-stimulation, assisted
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hatching, pre-implantation genetic testing, and frozen
embryo transfer), implantation remains a rate-limiting
step in IVF treatment. Implantation rate is reported to
be about 25% when cleavage embryos are transferred
and 40% when blastocysts are transferred, which indi-
cates that many couples would remain infertile after
multiple attempts at embryo transfer [2].

Recurrent implantation failure (RIF) refers to the clin-
ical condition of failing to achieve a clinical pregnancy
after several embryo transfers, which brings great chal-
lenges to clinicians and causes deep frustration to pa-
tients [3]. The prevalence of RIF varies from 10 to 20%
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and is difficult to estimate, due to the condition that
there is yet no universally accepted consensus on the
definition of RIF [2, 4, 5]. Failure of implantation can
be attributed to embryo quality, endometrial receptiv-
ity, or both. While poor embryo quality is thought to
be responsible for 30-50% of implantation failures,
decreased endometrial receptivity is responsible for
approximately two thirds of these failures [6, 7].
Thus, many interventions aiming at overcoming de-
creased endometrial receptivity have been proposed to
improve pregnancy outcomes in women with RIF, but
only a few are evidence-based [8, 9].

Prednisone is a common immunomodulatory agent,
which can exert a range of positive effects on the treat-
ment of autoimmune disorders as well as the establish-
ment of early pregnancy [1, 10]. Studies have shown that
prednisone could not only suppress uterine NK cells
cytotoxicity and cytokine secretion in pre-implantation
endometrium, but also stimulate the secretion of human
chorionic gonadotropin (hCG) and promote prolifera-
tion and invasion of trophoblast [1, 6], suggesting that
prednisone may have a considerable impact on embryo
implantation and IVF outcomes. Prednisone is also be-
lieved to have minimal side effects [11], because only
about 10% of the active substance will reach the fetus
[12-14].

However, limited clinical trials have focused on the ef-
fect of prednisone on pregnancy outcomes. Also, the tri-
als were either small-sized or non-randomized studies or
with combined treatment regimens, which were insuffi-
ciently powered to draw a conclusion. Therefore, mul-
tiple researchers and clinicians have called for a full-
scale and well-designed randomized controlled trial
(RCT) to clarify whether prednisone could improve
pregnancy outcomes in women with RIF [15].

Methods/design

Design and setting

This is a prospective, multicenter, randomized, double-
blind, placebo-controlled clinical trial to evaluate
whether the administration of prednisone could improve
the live birth rate in patients with RIF. Eligible patients
will be randomly assigned to the prednisone group or
placebo group with a 1:1 ratio. A flowchart of the study
design is illustrated in Fig. 1.

Patients will be recruited from 8 hospitals in
China. The study is conducted in accordance with
the Declaration of Helsinki and Good Clinical Prac-
tice guidelines. The study protocol has been ap-
proved by the ethics committees at all hospitals. The
trial was registered at the Chinese Clinical Trial
Registry (ChiCTR1800018783; http://www.chictr.org.
cn/edit.aspx?pid=31155&htm=4).
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Fig. 1 Flowchart of the study design

Eligibility criteria
Inclusion criteria
The inclusion criteria are as follows:

1. Infertile women with a history of RIF, which
refers to the failure to achieve a clinical
pregnancy under one of the following conditions
with all embryos transferred being of good
quality (criteria of good-quality embryos are
shown in Table 1):

a) Three or more embryo transfer cycles;

Table 1 Criteria of good-quality embryo

Embryo Scoring system Criteria of good quality

Blastocyst Gardner 24BC

Cleavage (day 3) Puissant 7-10 cell 3; 4 or compact
Peter 7-10 cell I; Il or compact
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b) Two embryo transfer cycles where the
cumulative number of transferred embryos was
no less than three;

2. Women who intend to undergo frozen-thawed em-
bryo transfer (FET) after IVF or intracytoplasmic
sperm injection (ICSI) or pre-implantation genetic
testing for aneuploidy (PGT-A);

3. Women under the age of 38 when oocytes were
retrieved;

4. Women who have at least 1 good-quality blastocyst
or 2 good-quality day-3 embryos for transfer

5. Be capable of giving informed consent.

Exclusion criteria
The exclusion criteria are as follows:

1. Women who are currently receiving any
corticosteroid or immunosuppression treatment,
such as hydroxychloroquine, cyclosporine, and
azathioprine. Two months of washout period will
be required prior to screening for patients on these
agents;

2. Women with known autoimmune diseases such as
systemic lupus erythematosus (SLE),
antiphospholipid syndrome, Sjogren’s syndrome,
and scleroderma;

3. Women who have been diagnosed with diseases
affecting the uterine cavity, such as uterine
malformation and submucous fibroids;

4. Women or their partner with abnormal
chromosome karyotype (not including chromosome
polymorphisms);

5. Women who have experienced recurrent pregnancy
loss, defined by two or more failed clinical
pregnancies documented by ultrasonography or
histopathologic examination;

6. Women with thin endometrium (< 6 mm before
transfer);

7. Women with contraindications to corticosteroid;

8. Women with medical contraindications to assisted
reproductive technology and/or pregnancy.

Sample size

According to the meta-analysis published in 2013, the live
birth rate was estimated to be 16.1% in women with 3 or
more failed embryo transfer cycles [16]. In women with 2
or more failed embryo transfer cycles, the live birth rate
varied from 15.5 to 29% [17-19]. It is reported that the
combined administration of prednisone and low molecular
weight heparin or aspirin can improve live birth rate by
10.8-14% [17, 20, 21]. In the present study, we plan to test
the primary hypothesis of a difference of 10% in the live
birth rate between the two randomization arms. In patients
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with RIF, we assume that the live birth rate will be 30% in
the prednisone arm and 20% in the placebo arm.

For the sample size calculations, the two-sided signifi-
cance level will be set at «=0.05 and the statistical
power will be calculated as 1-/=0.80. The ratio be-
tween groups will be 1:1. The minimum sample size will
be 294 for each group, for a total of 588 participants.
Taking into consideration a dropout rate of 15%, we ex-
pect to ultimately have a total of 692 enrollees.

Randomization and blinding

All eligible subjects will be randomly assigned to one of
the two study arms according to a computer-generated
randomization sequence generated by the data coordin-
ating center (DCC) with SAS software version 9.2 (SAS
Institute, Cary, NC). The randomization will be stratified
according to the stage of embryo (cleavage embryo or
blastocyst). The randomization sequence will be kept
strictly confidential by the DCC staff. Therefore, the re-
searchers who are in charge of the enrollment have no
access to the list. Study personnel are all blinded to the
upcoming treatment group allocation.

The study medication (both prednisone and placebo)
is manufactured by Xianju Pharmaceutical Co., Ltd. Ex-
cept for the active ingredients, the rest of the excipient
and the appearance and odor are exactly the same as
prednisone. The packaging of study medication (both
prednisone and placebo) is marked according to the
randomization sequence. The packaging and tablets of
prednisone and the placebo have the same appearance,
which cannot be distinguished. Therefore, the partici-
pants and all research staff do not know the allocation
until the end of the study. The quality of the placebo,
such as contents and bacteria contaminations, was con-
trolled rigorously according to the GMP standard.

Screening

At the screening visit, patients who have been using cor-
ticosteroid or other immunosuppression treatment will
be excluded. The trial and study plan will be declared to
all participants, and eligible couples who are interested
in participating will sign the written informed consent.
All tests for preparation of IVF or ICSI or PGT-A have
been done. Screening for possible causes of RIF such as
parental chromosomal anomalies, uterine factors (hys-
teroscopy if necessary), hydrosalpinx, and immunological
and thrombophilic factors including antinuclear anti-
body (ANA), anticardiolipin antibody (ACA), double-
stranded DNA antibody (ds-DNA), p2-glycoprotein I
antibody (B2GP1), and platelet aggregation test (PAGT),
will be recommended. The standardized case report
forms (CRFs) are completed to collect current medica-
tion status and previous medical history. A physical
examination (height, body weight, waistline, hipline,
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blood pressure) is performed. A schedule of enrollment,
interventions, and assessment is provided in the Stand-
ard Protocol Items: Recommendations for Interventional
Trials (SPIRIT) figure (Fig. 2). The SPIRIT checklist is
presented in Additional file 1.

Safety assessment includes liver function; renal function;
CBC; fasting blood glucose; insulin; t1, day of embryo
transfer (ET); t2, 2 weeks after ET; t3, 5 weeks after ET; t4,
10 weeks after ET; t5, 28 weeks of gestation; t6, 37 weeks
of gestation; t7, delivery; and t8, 6 weeks after delivery.

Interventions
A total of 692 eligible subjects will be enrolled and
equally randomized into two parallel treatment arms:

A) Prednisone arm: oral prednisone arm 10 mg g.m.
orally;

B) Placebo arm: oral prednisone-matched placebo q.m.
orally.

After a recruitment period and randomization, the re-
searchers will dispense the first bottle (100 tablets per
bottle) of the corresponding drug (prednisone/placebo).
Patients will be instructed to take two tablets for once a
day orally in the morning, starting with the hormone re-
placement regimen for endometrial preparation. Partici-
pants will undergo the frozen-thawed embryo transfer
(FET). If pregnancy is confirmed, the second bottle of
corresponding drug will be dispensed on the day of
pregnancy test and the medication will be continued till
the end of the first trimester of pregnancy. If the failure
of transfer or pregnancy loss occurred, the medication
will be discontinued. The remaining tablets will be
returned to researchers.
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Discontinuation criteria

Reasons for discontinuation of medication include, but are
not limited to, the following: (1) participants who become
pregnant spontaneously, (2) participants who have experi-
enced serious complications or side effects, (3) participants
who use prohibited drugs such as other glucocorticoids or
immunosuppression drugs, (4) participants with thin endo-
metrium (< 6 mm before transfer), and (5) participants who
request to withdraw from the trial.

Frozen-thawed embryo transfer

The endometrium is prepared with a hormone replace-
ment cycle regimen. Estradiol valerate (Progynova, Del-
pharm Lille SAS, France) and/or estradiol tablets
(Femoston, Abbott Biologicals B.V., the Netherlands) at
a dose of 2—8 mg daily will be started on days 2-5 of the
menstrual cycle or 28-35 days after long-acting GnRH-
agonist suppression. When the thickness of the endo-
metrium is enough (=6 mm), luteal phase support will
be added with vaginal progesterone gel (Crinone, Merck
Serono) 90 mg daily and oral dydrogesterone (Duphas-
ton, Abbott) 10 mg twice daily.

One blastocyst or two cleavage embryos will be trans-
ferred in each participant. All embryos transferred will be
of good quality. The serum hCG test is performed after 2
weeks of transfer. If the patient is pregnant, luteal phase
support will be continued until 8-12 weeks of gestation
and follow-up will be continued to the end of pregnancy.

Outcome and outcome assessments

Primary outcome

The primary outcome is live birth after frozen-thawed
embryo transfer, defined as the delivery of any number
of newborns at > 28 weeks of gestation with signs of life.

STUDY PERIOD
Enrolment Post-allocation
TIMEPOINT tl t2 t3 t4 t5 t6 t7 t8

ENROLMENT:

Eligibility screen X

Safety assessment X X

Informed consent X

Allocation X
INTERVENTIONS:

Prednisone Group X X X X X

[Placebo Group] X X X X X
ASSESSMENT:

Physical examination X

Ultrasonography X X X X

Pregnancy test X

Telephone follow-up X X X X

Medical records review X X

Fig. 2 SPIRIT diagram for schedule of enrollment, interventions, and assessments
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Secondary outcomes

The secondary outcomes include biochemical pregnancy,
clinical pregnancy, implantation, pregnancy loss, preg-
nancy and perinatal complication, birth weight, congeni-
tal anomalies, and other adverse events. Biochemical
pregnancy is defined as serum B-hCG =10 mIU/mL
measured 12-15days after embryo transfer. Clinical
pregnancy is defined as the detection of a gestational sac
in the uterine cavity by a transvaginal ultrasound scan
35 days after embryo transfer. Implantation rate is calcu-
lated as the number of gestational sacs by a transvaginal
ultrasound scan/number of embryos transferred.

Follow-up protocol

The first pregnancy follow-up will be at 12 weeks of gesta-
tion. The first-trimester pregnancy complications (includ-
ing but not limited to miscarriage, ectopic pregnancy,
hyperemesis gravidarum, or gestational trophoblastic dis-
ease) will be evaluated by reviewing medical records or by
telephone. The study medication (prednisone/placebo)
will be discontinued, and the date of drug withdrawal will
be recorded.

The second pregnancy follow-up will be at 28 weeks’
gestation. The second-trimester pregnancy complica-
tions (including but not limited to abortion, prenatal test
results, gestational diabetes, incompetent cervix, or pre-
mature rupture of membrane) will be followed up by
telephone call.

The third pregnancy follow-up will be at 37 weeks’ ges-
tation. The third-trimester pregnancy complications (in-
cluding but not limited to preterm labor, intrauterine
growth retardation, pre-eclampsia/eclampsia, premature
rupture of membrane, placental abruption, or abnormality
of amniotic fluid) will be followed up by telephone call.

The fourth follow-up time point will be at delivery.
Participants will be required to notify investigators about
the time of delivery. The delivery information (including
gestational age, delivery mode, placenta abnormality,
and/or delivery complications) and neonatal information
(including gender, birth weight, birth defects) will be ob-
tained by designed forms or by reviewing obstetric and
neonatal medical records.

The fifth and final follow-up will be at 6 weeks after de-
livery. Postpartum information regarding complications of
the mother (including but not limited to infection, post-
partum depression, late postpartum hemorrhage) or the
infant (including but not limited to neonatal jaundice,
neonatal infection, neonatal respiratory distress syndrome,
neonatal hospitalization, and neonatal death) will be
followed up by telephone or by reviewing medical records.

During the follow-up period, adverse events and con-
comitant medications will be inquired and recorded
every time. Participants who quit or are lost to follow-up
will also be recorded.
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Adverse events
Adverse events (AEs) refer to any untoward medical occur-
rences associated with the subject’s participation during the
research period regardless of whether considered to be re-
lated to the study intervention or not. Serious adverse
events (SAEs) are events that occur during the subject’s
participation in research that meet any of the following cri-
teria: death, life-threatening events, severe or persistent dis-
ability, requiring inpatient hospitalization or prolongation
of existing hospitalization, neonatal death up to 6 weeks
after delivery, congenital anomaly or birth defect, or any
events deemed serious by the local principal investigator.
All AEs will be assessed and recorded in detail. All
SAEs will be reported to the principal investigator in 5
days, and appropriate measures will be initiated. SAEs
which are unintended and possibly associated with study
interventions should be reported within 24 h. The ethics
committee will determine whether the AE or SAE is
likely to be associated with the study medication and
whether it is necessary to break blinding codes.

Data management
All of the investigators including physicians, nurses, and
research assistants will attend a training workshop before
the starting of the trial, to ensure the accuracy of outcome
assessments and data collection. A protocol and standard
operation procedures will be given to every investigator.
All data will be collected using a standard CRF and re-
corded in the electronic data capture system where par-
ticipants’ personal information cannot be traced. The
DCC is responsible for the monitoring tasks of the trial.
The DCC and personnel of Ren Ji hospital will check the
authenticity, accuracy, and integrity of the data from dif-
ferent sites regularly to ensure the quality of the col-
lected data.

Data analysis plan
The data will be analyzed by SPSS 21.0 (SPSS Inc., Chi-
cago, IL, USA). Normally distributed continuous variables
will be expressed as mean + standard deviation with Stu-
dent’s test for testing between-group differences. Non-
normally distributed continuous variables will be
expressed as medians and ranges with Wilcoxon’s rank-
sum test for between-group differences. Categorical data
will be described as frequency and percentage; differences
in these measures will be assessed by the Pearson chi-
square test, with Fisher’s exact test for expected frequen-
cies less than 5. P < 0.05 will be considered significant.
The analysis will be conducted using intention-to-treat
principles. The primary outcome, live birth rate, will be
compared between two groups by the Pearson chi-
square test. Secondary outcomes, such as rates of preg-
nancy and implantation, will be analyzed using the Pear-
son chi-square test. A per-protocol analysis will be
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performed according to the actual participants complet-
ing the entire trial. As a secondary analysis, we will fit a
generalized linear mixed effect model with a logit link to
compare the treatment arms with respect to the primary
outcome of live birth, and binary secondary outcomes
(e.g., rates of pregnancy and implantation), adjusting for
factors such as randomization stratification of embryo
stage, and other explanatory variables. A random inter-
cept will be included to adjust for the correlation among
patients within center.

Discussion

This is a trial evaluating whether the administration of
prednisone could improve live birth rate in patients with
RIF under the age of 38 years who are undergoing FET
after IVF or ICSI or PGT-A. We plan to enroll 692 sub-
jects from 8 hospitals in China. The enrollment began in
November 2018. At the time of manuscript preparation,
more than 500 subjects have been enrolled. The result of
this multicenter randomized trial will provide valid evi-
dence for the effect of prednisone on pregnancy out-
comes in women with RIF. We speculate that the
administration of prednisone may improve live birth rate
in patients with RIF.

As we all know, there is as yet no universally accepted
definition of RIF [2]. Different descriptions were based
on the number of previously failed cycles or the number
of embryos transferred or a combination of both. Lukasz
et al. did a systematic review of the definition of RIF
used in human subjects and found enormous variability.
The most commonly stated definitions were “three or
more failed cycles” or “two or more failed cycles,” solely
or in combination with the number of transferred em-
bryos [4, 6, 22]. It is suggested to define RIF as the ab-
sence of implantation after two treatment cycles where
the cumulative number of transferred embryos was no
less than four for cleavage-stage embryos and no less
than two for blastocysts, and all of the embryos trans-
ferred should be of good quality [4].

There are limited clinical trials assessing the efficacy of
prednisone in patients with implantation failure. Only
one randomized controlled trial was reported, which was
conducted in 133 women who tested positive for ANA
with a history of one IVF implantation failure, and the
conclusion showed that combined treatment of prednis-
one 10 mg/day and aspirin 100 mg/day may improve re-
productive outcomes in these patients [20]. A quasi-
randomized, controlled trial conducted in 295 women
with previously one or two failed ICSI attempts sug-
gested a combination of prednisolone and low molecular
weight heparin (LMWH) might have a positive effect on
pregnancy and implantation rates [21]. A prospective
pilot study confirmed that prednisolone was useful in
patients with at least two previous IVF failures and
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serum antiovarian antibody [23]. However, a recent
retrospective cohort study demonstrated that the admin-
istration of prednisolone with LMWH in women with
RIF (two or more failed fresh IVF or ICSI cycles
followed by embryo transfer) does not improve preg-
nancy outcomes [17].

Hence, the effect of prednisone in women with RIF re-
mains controversial. Despite lacking of convincing evi-
dence, prednisone is being used by more and more IVF
centers and reproductive physicians all across the world.
There is an urgent need for a well-designed, adequately
powered RCT to prove the efficacy of prednisone in
patients with RIF. This study is expected to provide a
reliable answer.

Trial status

The study enrollment began on 20 November 2018 and
is expected to end in June 2020. The enrollment is on-
going at the time of manuscript submission. The trial
protocol is version 3.0, dated 15 December 2018.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/513063-020-04630-6.

Additional file 1. SPIRIT 2013 Checklist: Recommended items to address
in a clinical trial protocol and related documents.

Abbreviations

AE: Adverse event; ACA: Anticardiolipin antibody; ANA: Antinuclear antibody;
AOA: Antiovarian antibody; B2GP1: B2-glycoprotein | antibody;

CBC: Complete blood count; CRF: Case report form; DCC: Data Coordinating
Center; ds-DNA: Double-stranded DNA antibody; ET: Embryo transfer;

FET: Frozen-thawed embryo transfer; hCG: Human chorionic gonadotrophin;
ICSI: Intracytoplasmic sperm injection; IVF: In vitro fertilization; LMWH: Low
molecular weight heparin; PAGT: Platelet aggregation test; PGT-A: Pre-
implantation genetic testing for aneuploidy; RCT: Randomized controlled
trial; RIF: Recurrent implantation failure; SAE: Serious adverse event

Acknowledgements
The authors thank all of the patients for their voluntary participation in this
trial and the physicians at all study sites for referring subjects.

Authors’ contributions

YL and YS were involved in the study concept and design and in the
drafting of the manuscript. DW and Z-JC contributed to the study design
and critical revision of the manuscript. JY and JL contributed to the study de-
sign and revision of the manuscript. JT and YH were involved in the study
concept and design and in the revision of the manuscript. All authors read
and approved the final manuscript.

Funding
This research did not receive any internal funding or any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Availability of data and materials
The datasets generated during the current study are available from the
corresponding author on reasonable request.

Ethics approval and consent to participate

The protocol has been approved by the Ethics Committee at Ren Ji Hospital,
School of Medicine, Shanghai Jiao Tong University (2018-073). Any important
changes to the protocol will require a protocol amendment and must be


https://doi.org/10.1186/s13063-020-04630-6
https://doi.org/10.1186/s13063-020-04630-6

Lu et al. Trials (2020) 21:719

approved by the Ethics Committee before implementation. Informed
consent will be obtained from all participants prior to enrollment.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

ICenter for Reproductive Medicine, Ren Ji Hospital, School of Medicine,
Shanghai Jiao Tong University, Shanghai 200135, China. “Shanghai Key
Laboratory for Assisted Reproduction and Reproductive Genetics, 845
Lingshan Road, Pudong New District, Shanghai 200135, China. *Center for
Reproductive Medicine, Shandong Provincial Hospital Affiliated to Shandong
University, Key Laboratory of Reproductive Endocrinology, Shandong
University, Ministry of Education, and National Research Center for Assisted
Reproductive Technology and Reproductive Genetics, Jinan, China. *Center
of Clinical Reproductive Medicine, The First Affiliated Hospital of Nanjing
Medical University, Nanjing 210029, China. “Reproductive Medical Center,
Obstetrics and Gynecology Department, Shengjing Hospital of China Medical
University, Shenyang, China.

Received: 1 March 2020 Accepted: 26 July 2020
Published online: 17 August 2020

References

1. Abdolmohammadi-Vahid S, Danaii S, Hamdi K, Jadidi-Niaragh F, Ahmadi M,
Yousefi M. Novel immunotherapeutic approaches for treatment of infertility.
Biomed Pharmacother. 2016;84:1449-59.

2. Coughlan C, Ledger W, Wang Q, Liu F, Demirol A, Gurgan T, et al. Recurrent
implantation failure: definition and management. Reprod BioMed Online.
2014;28:14-38.

3. Coughlan C, Walters S, Ledger W, Li TC. A comparison of psychological
stress among women with and without reproductive failure. Int J Gynaecol
Obstet. 2014;124:143-7.

4. Polanski LT, Baumgarten MN, Quenby S, Brosens J, Campbell BK, Raine-
Fenning NJ. What exactly do we mean by ‘recurrent implantation failure? A
systematic review and opinion. Reprod BioMed Online. 2014;28:409-23.

5. Hviid MM, Macklon N. Immune modulation treatments-where is the
evidence? Fertil Steril. 2017;107:1284-93.

6. Benschop L, Seshadri S, Toulis KA, Vincent K, Child T, Granne IE, et al.
Immune therapies for women with history of failed implantation
undergoing IVF treatment. Cochrane Database Syst Rev. 2012; http//
cochranelibrary-wiley.com/doi/10.1002/14651858.CD009602/abstract.

7. Fragouli E, Wells D. Aneuploidy in the human blastocyst. Cytogenet
Genome Res. 2011;133:149-59.

8. Zeyneloglu HB, Onalan G. Remedies for recurrent implantation failure.
Semin Reprod Med. 2014;32:297-305.

9. Cakmak H, Taylor HS. Implantation failure: molecular mechanisms and
clinical treatment. Hum Reprod Update. 2011;17:242-53.

10.  Robertson SA, Jin M, Yu D, Moldenhauer LM, Davies MJ, Hull ML, et al.
Corticosteroid therapy in assisted reproduction - immune suppression is a
faulty premise. Hum Reprod (Oxford, England). 2016;31:2164-73.

11. Han AR, Ahn H, Vu P, Park JC, Gilman-Sachs A, Beaman K; et al. Obstetrical
outcome of anti-inflammatory and anticoagulation therapy in women with
recurrent pregnancy loss or unexplained infertility. Am J Reprod Immunol.
2012;68:418-27.

12. Addison RS, Maguire DJ, Mortimer RH, Roberts MS, Cannell GR. Pathway and
kinetics of prednisolone metabolism in the human placenta. J Steroid
Biochem Mol Biol. 1993;44:315-20.

13. Dan S, Wei W, Yichao S, Hongbo C, Shenmin Y, Jiaxiong W, et al. Effect of
prednisolone administration on patients with unexplained recurrent
miscarriage and in routine intracytoplasmic sperm injection: a meta-analysis.
Am J Reprod Immunol. 2015;74:89-97.

14.  Ryu RJ, Easterling TR, Caritis SN, Venkataramanan R, Umans JG, Ahmed MS,
et al. Prednisone pharmacokinetics during pregnancy and lactation. J Clin
Pharmacol. 2018.

15. Practice Committee of the American Society for Reproductive Medicine. The
role of immunotherapy in in vitro fertilization: a guideline. Fertil Steril. 2018;
110:387-400.

Page 7 of 7

16.  Potdar N, Gelbaya TA, Konje JC, Nardo LG. Adjunct low-molecular-weight
heparin to improve live birth rate after recurrent implantation failure: a
systematic review and meta-analysis. Hum Reprod Update. 2013;19:674-84.

17. Siristatidis C, Dafopoulos K, El-Khayat W, Salamalekis G, Anifandis G, Vrantza
T, et al. Administration of prednisolone and low molecular weight heparin
in patients with repeated implantation failures: a cohort study. Gynecol
Endocrinol. 2018;34:136-9.

18. Nastri CO, Lensen SF, Gibreel A, Raine-Fenning N, Ferriani RA, Bhattacharya
S, et al. Endometrial injury in women undergoing assisted reproductive
techniques. Cochrane Database Syst Rev. 2015:Cd009517. https://doi.org/10.
1002/14651858.CD009517.pub3.

19.  El-Toukhy T, Campo R, Khalaf Y, Tabanelli C, Gianaroli L, Gordts SS, et al.
Hysteroscopy in recurrent in-vitro fertilisation failure (TROPHY): a
multicentre, randomised controlled trial. Lancet (London, England). 2016;
387:2614-21.

20. Fan J, Zhong Y, Chen C. Combined treatment of prednisone and aspirin,
starting before ovulation induction, may improve reproductive outcomes in
ANA-positive patients. Am J Reprod Immunol. 2016;76:391-5.

21. Fawzy M, El-Refaeey AA. Does combined prednisolone and low molecular
weight heparin have a role in unexplained implantation failure? Arch
Gynecol Obstet. 2014;289:677-80.

22. Nastri CO, Teixeira DM, Moroni RM, Navarro PA, Ferriani RA, Martins WP.
Interventions for improving reproductive outcomes in women with
recurrent implantation failure undergoing assisted reproductive techniques.
Cochrane Database Syst Rev. 2013. https://doi.org/10.1002/14651858.
CD010795.

23. Forges T, Monnier-Barbarino P, Guillet-May F, Faure GC, Bene MC.
Corticosteroids in patients with antiovarian antibodies undergoing in vitro
fertilization: a prospective pilot study. Eur J Clin Pharmacol. 2006;62:699-705.

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

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



http://cochranelibrary-wiley.com/doi/10.1002/14651858.CD009602/abstract
http://cochranelibrary-wiley.com/doi/10.1002/14651858.CD009602/abstract
https://doi.org/10.1002/14651858.CD009517.pub3
https://doi.org/10.1002/14651858.CD009517.pub3
https://doi.org/10.1002/14651858.CD010795
https://doi.org/10.1002/14651858.CD010795

	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods/design
	Design and setting
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria

	Sample size
	Randomization and blinding
	Screening
	Interventions
	Discontinuation criteria
	Frozen-thawed embryo transfer
	Outcome and outcome assessments
	Primary outcome
	Secondary outcomes
	Follow-up protocol
	Adverse events

	Data management
	Data analysis plan

	Discussion
	Trial status
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

