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Objective: To compare the effectiveness of different intrauterine interventions
for women with two or more unexplained implantation failures.

Design: A systematic review and network meta-analysis of randomized
controlled trials (RCTs).

Patient(s): Women with two or more implantation failures undergoing fresh or
frozen embryo transfer (ET).

Intervention(s): An electronic search of the following databases: Pubmed,
Cochrane Central Register of Controlled Trials (CENTRAL), and Embase.

Main Outcome Measure(s): Clinical pregnancy, live birth/ongoing pregnancy,
and miscarriage.

Result(s): We included 21 RCTs(3079 women) in the network meta-analysis.
The network meta-analysis showed that compared with control treatment,
platelet-rich plasma(PRP), peripheral blood mononuclear cells (PBMC),
granulocyte colony-stimulating factor(G-CSF), human chorionic
gonadotropin(HCG), and endometrial scratch(ES) significantly increased
clinical pregnancy(OR 3.78, 95% Cl 2.72 to 5.25; 2.79, 95% Cl 1.75 to 4.45;
1.93, 95% CI 1.37 to 2.72; 1.80, 95% Cl 1.18 to 2.72; 1.75, 95% CI 1.29 to 2.36,
respectively). PRP ranked the highest in improving clinical pregnancy, followed
by PBMC, G-CSF, HCG, and ES. Compared with control treatment, PRP, PBMC,
and ES significantly increased live birth/ongoing pregnancy (OR 5.96, 95% ClI
3.38 to 10.52; OR 2.55, 95% CI 1.27 to 5.11; OR 1.70, 95% CI 1.07 to 2.69,
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respectively). PRP ranked the highest in improving live birth/ongoing
pregnancy, followed by PBMC, and ES.

Conclusion(s): PRP is the most effective intrauterine intervention in improving
pregnancy outcome in women with two or more implantation failures.
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Introduction

Infertility remains a major issue in human reproduction,
affecting as many as 186 million people globally (1). In
developed countries, approximately 9% of the population
suffers from this condition, and more than 56% of the couples
seek advice for assisted reproduction treatments (2). Although
great advances in assisted reproduction techniques(ART) have
been achieved over the past few decades, the success rate of in
vitro fertilization(IVF) is still relatively low; the clinical
pregnancy and live birth rates per embryo transfer(ET) range
between 30%-40% and 20%-30%, respectively (3, 4). Embryo
implantation remains the major obstacle for the success of IVF
or intracytoplasmic sperm injection(ICSI) cycle, and it has been
estimated that 70% of pregnancy loss is due to implantation
failure (5). Furthermore, about 10% women undergoing IVF
cycle suffer from recurrent implantation failure(RIF) (6). RIF is
defined as the repeated transfer of a good-quality embryo to a
healthy uterus without achieving successful implantation and
pregnancy (7). However, there is no consensus on the number of
failed cycles and good-quality embryos needed to define RIF,
and different IVF centers may use different definitions for RIF
(8-11). The number of previous failed cycles may range from 2
to 6, and the number of previously transferred embryos may
range from 3 to 10 or more (6, 12). Although the potential
etiologies of RIF are diverse, embryo quality and intrauterine
environment play a major role in the success of implantation (8,
13, 14). However, implantation may still fail during an IVF-ET
cycle even after the transfer of good-quality embryos, which
indicates intrauterine environment is crucial for successful
implantation. RIF imposes a significant psychological and
financial burden on infertile couples and remains a challenging
to clinicians. Various intrauterine interventions have been
proposed to facilitate embryo implantation in women with
implantation failure by improving endometrial receptivity (15).
These interventions include endometrial scratch(ES),
intrauterine perfusion of human chorionic gonadotropin
(HCG), granulocyte colony-stimulating factor(G-CSF),
autologous peripheral blood mononuclear cells (PBMC), and
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autologous platelet-rich plasma(PRP). ES is a procedure that
involves mechanical endometrial injury with the use of a pipelle
or similar sampling device with the intention to improve
endometrial receptivity. HCG, which is the homologous
isomer of LH, can regulate both endometrial receptivity and
embryo implantation by inducing the secretion of various
cytokines in endometrium during the implantation window
(16). G-CSF, which is a multi-potential cytokine produced by
monocytes, macrophages, fibroblasts, endothelial cells, and bone
marrow stromal cells, has specific receptor on various tissues
especially on trophoblast and endometrial cells and can
modulate the function of neutrophil and influence cytokine
release (17-21). Autologous cultured PBMC, which consists of
T lymphocytes, monocytes, and B lymphocytes, can modulate
the production of several cytokines and promote embryo
implantation as well as endometrial receptivity (22). PRP is
autologous plasma that is obtained by sequestering and
concentrating platelets from fresh whole blood, contains a
high concentration of platelet 4-5 times above the normal
range and has pro-regenerative properties (23). Recent studies
have shown promising results for these interventions in women
with implantation failures. However, it is unclear that which is
the most effective intrauterine intervention in improving
pregnancy outcome in women with two or more
implantation failures.

Materials and methods
Search strategy and selection criteria

We conducted and reported our study in accordance with
the preferred reporting items for systematic reviews and meta-
analyses (PRISMA) extension statement for network meta-
analysis (24). We carried out an extensive electronic search for
publications without language restrictions in the following
databases: the Cochrane Central Register of Controlled Trials
(CENTRAL), PubMed, and Embase. The following key words,
MeSH terms and their combinations were used in our search
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strategies: endometrial injury; endometrial scratch; endometrial
biopsy; endometrial sampling; endometrial damage; granulocyte
colony stimulating factor; G-CSF; human chorionic
gonadotropin; HCG; peripheral blood mononuclear cell;
PBMC; platelet rich plasma; PRP; assisted reproductive
techniques; in vitro fertilization; intracytoplasmatic sperm
injection; ICSI; implantation failure; embryo implantation; and
embryo transfer. Appropriate suffixes were used for each
database. We also manually searched the reference lists of the
initially identified articles, previously published reviews for
additional relevant publications. We performed the most
recent search on May 1, 2022.

We included studies comparing one or more treatments with
placebo, with no treatment, or with each other for women with
two or more implantation failures. Studies were included if they
met the following criteria: 1. The studies were randomized
controlled trials(RCTs), and other studies including quasi-
RCT, cohort studies or case-control were excluded. 2. The
treatments were various intrauterine interventions. 3. the
control was any other intrauterine intervention, placebo or no
intervention. 4. the participants were women with two or more
implantation failures undergoing fresh or frozen ET. 5. Outcome
measures were pregnancy outcomes including clinical
pregnancy, live birth, or miscarriage.

Data extraction and assessment of
risk of bias

Two reviewers(Y.L.,D.L) independently screened the titles
and abstracts to identify potentially eligible trials and then
retrieved and assessed the full texts of the relevant citations for
inclusion. We extracted data from included studies on
population characteristics, study design, sample sizes,
intervention details and reported outcomes. Any discrepancies
between the two reviewers(Y.L.,.D.L.) were solved unanimously
through discussion.

The primary outcome was clinical pregnancy. Clinical
pregnancy was defined as gestational sac or fetal heartbeat
observed on ultrasound. Secondary outcomes included live
birth/ongoing pregnancy, and miscarriage. In case live birth
was not reported, we used ongoing pregnancy.

We assessed the methodological quality of the included trials
using the Cochrane risk of bias tool (25). This tool evaluates
seven domains of risk of bias (random sequence generation,
allocation concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data,
selective reporting and other bias). The authors’ judgments
were expressed as “low risk”, “unclear risk” or “high risk” of
bias for each domain.

Frontiers in Endocrinology

03

10.3389/fendo.2022.959121

Data synthesis and statistical analysis

A network meta-analysis was conducted to simultaneously
compare various intrauterine treatments with placebo, with no
treatment, or with each other for each outcome. Whenever
possible, statistical analyses were carried out with an intention
to treat approach(number of events per women randomized).
Network plots were constructed to illustrate the geometry of the
network. Placebo, and no treatment were considered as the same
node in network meta-analysis, and various endometrial biopsy
and sampling were considered as ES. All network meta-analyses
were performed with a random effects multivariate meta-
analysis model in Stata software (version. 14.0, Stata Corp.).
For network meta-analysis, summary treatment effects were
expressed as odds ratios(ORs) with a corresponding 95%
confidence intervals (CIs). We used the surface under the
cumulative ranking curve(SUCRA) to rank the treatments.
The SUCRA was used to provide a hierarchical ranking of the
different treatments. The efficacy of every interventions,
expressed as a percentage, was considered in relation to an
imaginary intervention assumed to be the best. Higher SUCRA
values therefore correspond to more effective treatments.

Results
Literature search results

Our literature search identified 4155 citations, of which,
1288 were duplicates, and 2804 were excluded based on title and
abstract. After assessing full texts of the 63 potentially eligible
citations, 21 RCTs(3079 women) were included in the present
systematic review and network meta-analysis. The PRISMA flow
diagram illustrating the selection procedure is presented
in Figure 1.

Characteristics of the included studies

The characteristics of these included studies are shown in
Supplemental Table S1. Twenty studies were written in English,
and one study was written in Chinese. Twenty studies was
reported as full-text publications, while the remaining one
study was reported in conference abstract. The publication
dates of the included studies ranged from 2009 to 2022. Most
of the studies were performed in Asia, while few studies were
conducted in Europe. Seventeen studies were single center RCT,
two studies was double-centered, and only study was multiple
center RCT. The 21 RCTs included 3079 women, of which 1514
were allocated to the intervention group, and 1565 to the control
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FIGURE 1

PRISMA flow diagram of study selection.

group. The mean age across studies ranged from 21 to 45 years,
and the mean number of previous embryo transfer failures
varied among studies. Nine studies enrolled women with two
or more previous implantation failures, whereas 12 studies
included women with three or more previous implantation
failures. Most of the studies included women with previous
good-quality embryo or blastocyst transfer failures. All the
included RCTs compared at least two of the 6 treatments: ES,
G-CSF, HCG, PBMC, PRP, and placebo. Of these 21 studies, 3
studies had three comparisons: one study compared two
interventions with control treatment; one study used the same
intervention of two different routes of injection as treatments;
one study used two different placebo treatments as control
groups. The remaining 18 RCTs had two comparisons
(treatment vs control). Pituitary block was achieved by using
GnRH-agonist long protocol, GnRH-agonist short protocol, or
GnRH-antagonists scheme. Fresh ET was performed in 10
studies, frozen ET was performed in 10 studies, and one study
performed fresh or frozen ET.

Risk of bias assessment results
All the studies but four used adequate methods of random

sequence generation. Only 7 studies that described allocation
concealment were judged “at low risk of bias”, whereas the
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Not or quasi RCT(6)

Inappropriate study population(16)
Inappropriate intervention(1)

Full text not available(9)

remaining studies were judged “at unclear risk of bias”. The
results of the risk of bias assessment are shown in Supplemental
Figure S1.

Network meta -analysis results

Primary outcome: Clinical pregnancy

All the 21 RCTs reported clinical pregnancy as an outcome.
Overall, 3079 women with two or more implantation failures
undergoing fresh or frozen ET were randomized to 6 different
treatments including placebo or no treatment. The network plot
for clinical pregnancy is shown in Figure 2. In addition to
control treatment, one RCT(150 women) compared G-CSF
with HCG. The remaining comparisons were ES versus
control (six RCTs; 1006 women), G-CSF versus control (five
RCTs; 547 women), HCG versus control (two RCTs; 255
women), PBMC versus control (three RCTs; 366 women), and
PRP versus control (four RCTs; 755 women). The results of the
network meta-analysis for clinical pregnancy are shown in
Figure 3. Network meta-analysis showed that compared with
control, PRP, PBMC, G-CSF, HCG, and ES resulted in a higher
rate of clinical pregnancy(OR 3.78, 95% CI 2.72 to 5.25; 2.79,
95% CI 1.75 to 4.45; 1.93, 95% CI 1.37 to 2.72; 1.80, 95% CI 1.18
to 2.72; 1.75, 95% CI 1.29 to 2.36, respectively). Inconsistency
tests showed no evidence of inconsistency. The SUCRA values
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FIGURE 2
Network plot for clinical pregnancy.

for PRP, PBMC, G-CSF, HCG, ES, and placebo were 96.9%,
78.2%, 48.4%, 40.4%, 36.0%, and 0.1%, respectively (Figure 4).

Secondary outcome: Live birth/
ongoing pregnancy

Thirteen studies reported on live birth/ongoing pregnancy
rates. The network plot for live birth/ongoing pregnancy is
shown in Supplemental Figure S2. The most frequent
comparisons were ES versus control (five RCTs; 891 women),
followed by PRP versus control (three RCTs; 658 women),

10.3389/fendo.2022.959121

ES
e

Placebo

PRP

PBMC versus control (two RCTs; 312 women), G-CSF versus
control (two RCTs; 277 women) and HCG versus control (one
RCT; 115 women). The network meta-analysis for live birth/
ongoing pregnancy is shown in Supplemental Figure S3.
Network meta-analysis showed that compared with control,
PRP, PBMC, and ES resulted in a higher rate of live birth/
ongoing pregnancy(OR 5.96, 95% CI 3.38 to 10.52; OR 2.55, 95%
CI 1.27 to 5.11; OR 1.70, 95% CI 1.07 to 2.69, respectively).
There were no significant differences between any other
interventions and placebo treatment. The SUCRA values for

Reference treatment: Placebo

Treatment Effect Mean with 95%CI
ES —— 1.75 (1.29,2.36)
HCG —— 1.80 (1.18,2.72)
G-CSF —— 1.93 (1.37,2.72)
PBMC —— 2.79 (1.75,4.45)
PRP —— 3.78 (2.72,5.25)
—T U
1.218 3755
FIGURE 3
The results of the network meta-analysis for clinical pregnancy.
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The ranking of intrauterine interventions for clinical pregnancy.

PRP, PBMC, G-CSF, HCG, ES, and placebo were 99.3%, 72.1%,
39.2%, 29.0%, 50.4%, and 10.0%, respectively (Supplemental
Figure S4).

Secondary outcome: Miscarriage

Eleven studies reported miscarriage as an outcome. The
network plot for miscarriage is shown in Supplemental Figure
S5. The results of the network meta-analysis for miscarriage are
shown in Supplemental Figure S6. There were no significant
differences between any interventions and placebo treatment.
The SUCRA values for PRP, PBMC, G-CSF, HCG, ES, and
placebo were 99.3%, 72.1%, 39.2%, 29.0%, 50.4%, and 10.0%,
respectively (Supplemental Figure S7).

Discussion
Summary of findings

RIF imposes a significant psychological and financial burden
on infertile couples and represents one of the most challenging
tasks in reproductive medicine. Intrauterine interventions seem
promising in improving the success rate of women with RIF.
However, it is unclear that which is the most effective
intrauterine intervention in increasing pregnancy outcomes for
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these women. In this network meta-analysis, we evaluated
various intrauterine interventions for women with two or
more previous implantation failures. We included 21 RCTs
(3079 women) in this network meta-analysis. We found that
compared with placebo, PRP, PBMC, G-CSF, HCG, and ES
significantly improved clinical pregnancy. PRP was the most
effective intrauterine intervention for clinical pregnancy,
followed by PBMC, G-CSF, HCG, and ES. We also found that
compared with placebo, PRP, PBMC, and ES significantly
increased live birth/ongoing pregnancy. PRP was the most
effective intrauterine intervention for live birth/ongoing
pregnancy, followed by PBMC, and ES. No significant
differences were found for miscarriage.

Interpretation and implications

In the current network meta-analysis, we found that PRP
was the most effective intrauterine intervention to improve
clinical pregnancy and live birth/ongoing pregnancy in women
with two or more implantation failures. It is well established that
PRP is effective and safe in many medical conditions (26), and
has been extensively utilized in regenerative medicine for more
than 2 decades (27-29). In 2015, Chang et al. reported the first
successful application of intrauterine infusion of PRP in
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reproductive medicine for women with suboptimal
endometrium undergoing IVF (30). Although more and more
studies have been published with promising results, the exact
mechanism of action of PRP in women with recurrent
implantation failure still needs to be elucidated. PRP contains
numerous molecules such as cytokines, chemokines, cell-
adhesion molecules and growth factors (31), which are
essential in endometrial receptivity and embryo implantation
(32), and dysregulation of these pro-implantation molecules will
result in implantation failure (33). It has been hypothesized that
intrauterine infusion of PRP might improve endometrial
receptivity and promote embryo implantation by modulating
the expression of cytokines such as interleukin-1B(IL-1f), IL-6,
and IL-8, increasing the expression of estrogen and progesterone
receptor, and promoting endometrial cell proliferation (34).

In our study, we found that PBMC was the second best
effective intrauterine intervention to improve clinical pregnancy
and live birth in women with two or more implantation failures.
The idea of using PBMC in women with RIF is based on the
rationale that PBMC can regulate the crosstalk between embryo
and endometrium and was first brought up by Yoshioka et al. in
2006 (35). However, the exact role of PBMC in the process of
embryo implantation is still unclear, and various possible
mechanisms have been proposed to explain the effect of
PBMC on promoting implantation. PBMC may increase
endometrial receptivity and facilitate a more permissive
immune environment for implantation by switching uterine
immunity from the Th-1 dominant environment to the Th-2
dominant environment (36, 37). PBMC may also promote
trophoblast invasion by increasing the production of leukemia
inhibitory factor(LIF) and IL-1f3 (38). Furthermore, PBMC may
induce various cytokines, such as IL-lo. and tumor necrosis
factor -a(TNF-o) to facilitate embryo attachment and
invasion (39).

It is well-known that HCG is produced by cytotrophoblast
cells to facilitate embryo implantation and support embryo
development. We found that intrauterine injection of HCG
was also effective in improving clinical pregnancy in women
with two or more implantation failures. HCG may enhance
endometrial receptivity by stimulating LIF, vascular endothelial
growth factor(VEGF), and matrix metalloproteinase-9(MMP-9)
while inhibiting insulin-like growth factor binding protein-1
(IGFBP-1) (40). HCG may also modulate immune cells, such as
natural killer cells, regulatory T cells, Th-1 and Th-2 cells to
facilitate trophoblast invasion and maintain maternal-fetal
immune tolerance (41-43).

In this network meta-analysis, we demonstrated that
intrauterine infusions of G-CSF was effective in improving
clinical pregnancy in women with two or more implantation
failures. G-CSF may increase phagocytosis and oxidative
process, and modulate implantation processes such as
endometrial vascular remodeling, local immune environment
and cellular adhesion, which is crucial for embryo implantation
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(44). G-CSF may also regulate macrophages, Th-2 and Treg cells
to maintain intrauterine immune tolerance (45, 46).

Since Barash et al. (47) first demonstrated that local
endometrial injury in the cycle preceding IVF treatment
significantly increased pregnancy rate and more than doubled
the live birth rate in 2003, more and more studies have been
published. However, the impact of ES on IVF outcome is still
subject of debate. In this network meta-analysis, We found that
ES increased clinical pregnancy in women with two or more
implantation failures, which was in accordance with a previous
meta-analysis (48). However, the beneficial effect of ES was not
confirmed in women with one previous failed ET (48) or women
undergoing a first embryo transfer (49). Therefore, currently, ES
may only be used for women with two or more implantation
failures in a clinical trial but not in routine clinical practice.
Various potential mechanisms have been proposed to explain
the role of ES in improving pregnancy outcomes. ES may induce
an aseptic inflammation, release cytokines, growth factors,
macrophages, and dendritic cells, and delay endometrial
maturation to improve endometrial receptivity and promote
synchronization between embryo and endometrium (50-52).

Strengths and limitations

As far as we know, this is the first systematic review and
network meta-analysis for overview of all the available evidence
comparing various intrauterine interventions for women with
two or more implantation failures undergoing ET. We
conducted an extensive electronic search for publications
without language restrictions. Our network meta-analysis
provided a unique opportunity to simultaneously compare the
efficacy of various intrauterine interventions by using evidence
from indirect comparisons and to rank different treatments in
one pooled analysis. Moreover, we reported all the possible
major pregnancy outcomes related to ET. Finally, our findings
may provide valuable information for future large high quality
RCTs to conduct head to head comparisons such as PRP vs
PBMC or any other intrauterine interventions for women with
RIF. There were also limitations to our study. First, the inclusion
criteria and women’s characteristics differed among these
studies. The definition of RIF varied in the included studies.
The lack of a universally accepted definition of RIF has been an
obstacle for studies to investigate various treatments for women
with implantation failures. In our study, 9 of the included studies
used two or more implantation failures as RIF criteria, while the
remaining 12 used three or more implantation failures as RIF
criteria. A universally accepted criteria for RIF would make
further studies more homogeneous, and more convenient to
compare and combine. Therefore, universal RIF criteria should
be established as soon as possible. Second, the diversity of
treatment protocols including ovarian stimulation, fresh versus
frozen ET, and intrauterine interventions would also make
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studies more heterogeneous. The protocol for intrauterine
interventions varied in terms of the dosages of PRP, PBMC,
HCG, and G-CSF, the timing of initiation, the number of ES,
and the device used for ES. Therefore, a standard procedure
should also be established in future studies. Third, many of the
studies have had methodological limitations, including small
sample size, single center RCTs, and unclear methods of
randomization and allocation concealment. Finally, not all
the included studies reported live birth, and most of the
included studies did not report adverse effects. Despite the
evidence, the effectiveness of these intrauterine interventions
needs to be confirmed in future large high quality trials, and
currently there is no rationale to offer any of the interventions
to women in routine clinical practice with the purpose to
overcome implantation failure.

Conclusion

In conclusion, according to current evidence, intrauterine
interventions were effective in improving clinical pregnancy in
women with two or more implantation failures. PRP was the
most effective intrauterine intervention, followed by PBMC, G-
CSF, HCG and ES. PRP was also the most effective intrauterine
intervention in improving live birth/ongoing pregnancy in
these women, followed by PBMC, and ES. These findings
indicate that intrauterine interventions may provide an
alternative method for women with two or more
implantation failures. However, more large high level RCTs
are still warranted to confirm our findings and to guide
clinical practice.
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