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ABSTRACT

In recent years, an increased interest in the efficacy of intrauterine infusion of autologous platelet-rich plasma (PRP) in women with
repeated implantation failure (RIF) has resulted in the publication of 13 randomized controlled trials (RCTs) and 11 meta-analyses.
Although these meta-analyses support an increase in pregnancy rates after intrauterine infusion of autologous PRP, the low quality
of the available original clinical studies along with concerns regarding their trustworthiness seriously questions their internal valid-
ity and does not allow for definitive conclusions to be drawn. In addition, the variability in the definition of RIF used in the individual
studies limits their external validity, renders the pooling of the results problematic, and, overall, complicates the extrapolation of the
results published. The variability in the definition of RIF has been recently addressed by the ESHRE, which published an evidence-
based definition of RIF to facilitate the evaluation of interventions in these patients. Taking into consideration this definition, which
identifies a real clinical problem, evaluation of intrauterine infusion of PRP in the published literature has not so far been performed
explicitly in patients with RIF. The potential of intrauterine infusion of autologous PRP to improve outcomes for women with RIF
remains an important area of research in ART. However, the current evidence is insufficient to inform clinical practice, highlighting

the need for well-designed studies to provide clearer guidance.
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The problem of repeated implantation
failure

Repeated implantation failure (RIF) is generally considered a con-
dition in which good-quality embryos fail to implant after multi-
ple transfers (Coughlan et al., 2014). RIF is a longstanding issue in
reproductive medicine, impacting treatment outcomes and pre-
senting persistent challenges in ART. This condition not only
affects success rates but also leads to emotional and psychologi-
cal burdens for patients. Clinically, RIF represents a complex
problem for both patients and physicians, as it requires careful
consideration of potential underlying causes and personalized
treatment approaches. The challenge is further complicated by
the lack of a standardized definition, leading to heterogeneity in
how RIF is diagnosed and managed. This variation makes it diffi-
cult to extrapolate and interpret findings from various interven-
tions that have been attempted, as data are not always
applicable to the broader population.

In response to this, ESHRE has introduced good practice recom-
mendations for managing RIF, aimed at standardizing diagnostic
and therapeutic approaches and improving patient outcomes.

Interventions proposed for management
of RIF

The variation in the definition of RIF makes it difficult to compare
therapeutic interventions in this category of patients. Some of the
interventions proposed are uterine (e.g. endometrial injury, hys-
teroscopy, atosiban administration, etc.) (Iakovidou et al., 2023),
laboratory (e.g. embryo transfer medium enriched with hyal-
uronic acid, assisted hatching, etc.), pharmacological treatments
proposed to enhance endometrial receptivity (e.g. intramuscular
growth hormone, vaginal sildenafil, etc.), technologies aimed at
identifying the endometrial window of implantation (Simén et al.,
2020), and immunomodulatory therapies (e.g. intravenous immu-
noglobulin, low-molecular-weight heparin, intrauterine autolo-
gous platelet-rich plasma (PRP) infusion, etc.) (Busnelli et al., 2021).

Is intrauterine infusion of autologous PRP in RIF
patients the answer?

In recent years, the use of intrauterine infusion of autologous PRP
in women with RIF has been the focus of interest (Shalma et al,,
2023). PRP is a volume of plasma, obtained by centrifugation of
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patient’s blood, that has a platelet count above baseline. With the
intrauterine infusion of autologous PRP, numerous proteins,
growth factors (GFs), and cytokines stored in the platelet, act on
the endometrium through the promotion of cell proliferation and
neoangiogenesis, enhancing the probability of implantation (Bos-
Mikich et al., 2019; Lin et al., 2021). The use of autologous PRP has
increased in popularity during recent years in parallel with an in-
creased understanding of the role of its GFs in tissue regeneration
(Gongalves et al., 2020).

Thirteen randomized controlled trials (RCTs) and 12 meta-
analyses have so far been performed to evaluate the use of intra-
uterine infusion of autologous PRP in women with RIF (Tables 1
and 2).

In the most recent systematic review and meta-analysis,
which pooled data from RCTs, non-RCTs, and cohort studies, sig-
nificantly higher clinical pregnancy (RR: 1.83, 95% CI: 1.49-2.24,
P<0.001) and live birth rates (RR: 2.54, 95% CI: 1.36-4.73,
P=0.003) were reported in women with RIF who underwent in-
trauterine infusion of autologous PRP compared with those who
did not (Shalma et al., 2023). The positive effect of PRP on the
achievement of pregnancy in the meta-analysis by Shalma et al.
(2023) was also present in all previously published meta-analyses
(Table 1).

The latest Cochrane review evaluating the role of PRP in assis-
ted reproduction analyzed all studies published until January
2023 (regardless of risk of bias) reporting very low-certainty evi-
dence about the effect of intrauterine PRP compared with pla-
cebo or no intervention on live birth or ongoing pregnancy (OR
2.38, 95% CI: 1.16-4.86; [°=54%; six studies, 564 women) and on
clinical pregnancy (OR 2.22, 95% CI: 1.50-3.27; °=24%; nine stud-
ies, 824 women).When only data from RCTs judged at low risk of
bias were analyzed, the results show no statistically significant
benefit for either live birth or ongoing pregnancy (OR 1.10, 95%
CI: 0.38-3.14; one study, 94 women) or clinical pregnancy (OR
1.55, 95% CI: 0.64-3.76; one study, 94 women) (Table 1). Authors
reported that overall, the risk of bias was high for most out-
comes, owing to unclear descriptions of the randomization pro-
cess, inadequate management of missing outcome data, and
selective reporting (Vaidakis et al., 2024).

Can the available evidence evaluating
intrauterine infusion of autologous PRP in
RIF patients be trusted?

Are RCTs evaluating intrauterine infusion of
autologous PRP in RIF patients of adequate
quality and trustworthiness?

The included studies were critically assessed, employing the
Cochrane risk-of-bias tool for randomized trials (RoB 2) and the
Trustworthiness in Randomized Clinical Trials (TRACT) Screening
Checklist (Supplementary Figs S1 and S2, Supplementary
Table S1, Supplementary Data Files S1 and S2). All the available
RCTs evaluating intrauterine infusion of autologous PRP in RIF
patients (Table 3) have been found to present major concerns in
at least one of the domains evaluated in the TRACT Screening
Checklist (governance, plausibility in the intervention usage, time-
frame, drop-out rates, baseline characteristics) (Supplementary
Table S1, Supplementary Data File S2).

Additionally, using the Cochrane risk-of-bias tool for random-
ized trials (RoB 2), it was determined that all RCTs were deemed to
have an overall high risk of bias, based on the assessment of the
domains of the randomization process, deviations from the
intended interventions, missing outcome data, measurement of the

outcome, and selection of the reported outcome (Supplementary
Figs S1 and S2, Supplementary Data File S1). A detailed methodo-
logical perusal of the available RCTs is presented in Table 3 and
Supplementary Table S2.

Authors of this article attempted to seek clarification from ev-
ery study but no reply was received in any instance.

Can the meta-analyses overcome quality
problems of untrustworthy RCTs?

The meta-analytical synthesis of studies that are at risk of bias
does not mitigate the inherent bias of individual studies and may
be seriously misleading. If bias is present in each (or some) of the
individual studies, meta-analysis will simply compound the
errors and produce a ‘wrong’ result that may be interpreted as
having more credibility (Higgins et al., 2024).

Therefore, the meta-analyses of RCTs evaluating the role in-
trauterine PRP infusion in RIF patients may not be trustworthy
due to significant biases in the included studies in several areas,
such as randomization, adherence to interventions, and outcome
reporting, as determined by tools like RoB 2 and the TRACT
Screening Checklist.

A systematic review should always evaluate risk of bias and
integrity concerns during the review process, exclude studies at
significant risk, downgrade evidence if risk of bias is present, and
restrict the primary analysis to trials of high quality (Vaidakis
etal., 2024) (Table 1).

Are the available RCTs examining the same
intervention?

The lack of uniformity in intrauterine autologous PRP infusion
protocols in the RCTs published thus far, regarding differences in
PRP concentration, volume, frequency of administration, and
preparation techniques, hinders the ability to establish consistent
and reproducible treatment methods and renders problematic the
comparison of outcomes across different studies (Table 4).

Are the available RCTs examining a clinically
similar population?

Different definitions of RIF have been used in the published RCTs;
in 3 out of the 13 RCTs, no definition of RIF was reported (Table 5).
As a result, considerable heterogeneity is present in the popula-
tions studied regarding the number of unsuccessful embryo trans-
fers, the total number of embryos transferred and female age.

This inconsistency in the definition of RIF between studies, or
its lack thereof, renders the comparison of outcomes, such as
biochemical pregnancy, clinical pregnancy, or live births prob-
lematic and limits the generalizability of the results obtained as
there is no clear reference population to which the produced
effects might be applicable. In such cases, a meta-analysis may
be meaningless (mixing ‘apples and oranges’), and genuine differ-
ences in effects may be masked or spuriously detected (Higgins
et al., 2024). On the other hand, if the raw data of these RCTs
were analyzed in an individual participant data meta-analysis,
additional insights could be provided regarding the effectiveness
of autologous intrauterine PRP infusion.

To address this problem, a uniform definition of RIF has re-
cently been the focus of interest (Kolibianakis and Venetis, 2019;
Ata et al., 2021; Cimadomo et al., 2023). In this respect, ESHRE has
provided clear guidelines for defining RIF, taking into consider-
ation the euploid status of the embryos transferred directly or in-
directly by adjusting the number of failed attempts according to
female age (Cimadomo et al., 2023). These criteria are essential
for standardizing research in RIF, ensuring that future study
results are robust and comparable.
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Table 1. Meta-analyses evaluating intrauterine infusion of autologous PRP in RIF patients.

Meta-analysis, year

RIF population:
participants (studies)

Studies included in the meta-analysis

RCTs: n First author

Non RCTs: n First author

Probability of pregnancy
Effect measure 95% CI
n=RIF patients

Busnelli et al., 2021

Lietal., 2022

Liu etal., 2022

Konget al., 2023

Anitua et al., 2023

Dengetal., 2023

Huetal., 2023

Maged et al., 2023

Panda et al., 2023

195(2)

1629(10)

1219(8)

958(7)

893(9)

1555(10)

678(4)

Unclear* (12)

335(4)

2
Nazari et al., 2019b%,
Zamaniyan et al., 2021*

6

Nazari et al., 2019b?,
Nazari et al., 2022b2,
Safdarian et al., 2022,
Zargar et al., 2021,
Zamaniyan et al., 20212,
Ershadi et al., 2022

5

Nazari et al., 2019b,
Zamaniyan et al., 20213,
Nazari et al., 2022b?,
Allahveisi et al., 2020,
Zargar et al., 2021

6

Obidniak et al., 2017,
Safdarian et al., 2022,
Zamaniyan et al., 2021%,
Zargar et al., 2021,
Nazari et al., 2019b%,
Nazari et al., 2022b*

9

Obidniak et al., 2017,
Allahveisi et al., 2020,
Bakhsh etal., 2022,
Ershadi et al., 2022,
Zamaniyan et al., 2021°
Zargar et al., 2021,
Nazari et al., 2019b°
Nazari et al., 2019a°
Nazari et al., 2022b°

6

Liu, 2021,

Nazari et al., 2019b°,
Nazari et al., 2022b°,
Rageh et al., 2020,
Safdarian et al., 2022,
Zamaniyan et al., 2021°

4

Nazari et al., 2019b7,
Nazari et al., 2022b’,
Obidniak et al., 2017,
Zamaniyan et al., 20217

6

Allahveisi et al., 2020,
Bakhsh etal., 2022,
El-Samman et al., 2022,
Obidniak et al., 2017,
Zargar et al., 2021,
Rageh et al., 2020

4

Obidniak et al., 2017,
Nazari et al., 2019a8,
Allahveisi et al., 2020,
Zamaniyan et al., 20218

4

Tehraninejad et al., 2021,
Noushin et al., 2021,
Mehrafza et al., 2019,
Xuetal., 2022

3

Madhavan et al., 2018,
Tehraninejad et al., 2021,
Majiyd et al., 2020

1
Alhalabi et al., 2019

4

Coksuer et al., 2019,

Liu, 2020,

Tehraninejad et al., 2021,
Xu etal., 2022

unclear
Tehraninejad et al., 2021

Clinical pregnancy
RR 2.45

1.55-3.86

n=195

Clinical pregnancy
RR1.79

1.55-2.06

n=1629

Live birth

RR 2.92

2.22-3.85

n=_878

Clinical pregnancy
OR 2.24

1.41-3.54

n=1219

Live birth

OR5.76

1.55-21.44

n=791

Clinical pregnancy
OR 0.41**
0.26-0.66

n=_878

Live birth

OR 0.27**
0.07-0.97

n=>593

Clinical pregnancy
RR2.18

1.76-2.70

n=_893

Live birth

RR 3.36

0.84-13.45

n=>523

Clinical pregnancy
RR 1.96

1.67-2.31

n=1405

Live birth

RR 2.83

1.45-5.52

n=_871

Clinical pregnancy
RR 2.46

1.93-3.12

n=678

Live birth

RR:7.03
3.91-12.66

n=433

Clinical pregnancy
OR 2.54

1.61-4.02

n=416

Live birth

OR 2.36

0.15-36.35

n=130

Clinical pregnancy
RR: 1.88

1.17-3.03

n=2335

(continued)
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Table 1. Continued

Studies included in the meta-analysis

RIF population:
Meta-analysis, year participants (studies) RCTs: n First author
Soliman et al., 2023 1038(8) 8
Nazari et al., 2019b°
Nazari et al., 2019a°
Nazari et al., 2022b°

Shalma et al., 2023

Vaidakis et al., 2024

Nazari et al., 2022a°
Safdarian et al., 2022,

Zamaniyan et al., 2021°

Eftekhar et al., 2018

Obidniak et al., 2017
Unclear* 6

Nazari et al., 2019b*°

Zamaniyan ot al., 2021

Safdarian et al., 2022
Nazari et al. 2022b10
Baybordi et al., 2022
Pourkaveh et al., 2022

824(9) 9

Alhalabi et al., 2019
Allahveisi et al., 2020
Bakhsh et al., 2022
Baybordi et al., 2022
Ershadi et al., 2022
Obidniak et al., 2017;
Safdarian et al., 2022

Zamaniyan et al., 2021"*

Zargar et al., 2021

Non RCTs: n First author

7

Tehraninejad et al., 2021,

Abou-El-Naga et al., 2022
Coksuer et al., 2019,
Noushin et al., 2021,
Xuetal., 2022,

Yuan et al., 2022,

Ban et al., 2023

Probability of pregnancy
Effect measure 95% CI
n=RIF patients

Clinical pregnancy
RR 2.35

1.92-2.88

n=981

Live birth

RR 4.03

1.29-12.63

n=>553

Clinical pregnancy

RR: 1.83

1.49-2.24

n=1772

Live birth

RR: 2.54

1.36-4.73

n=1003

Clinical pregnancy (for
the one RCT judged at
low risk of bias)

OR 1.55

0.64-3.76

n=9

Live birth or ongo-
ing pregnancy

(for the one RCT judged at

low risk of bias)
OR 1.10
0.38-3.14
n=9

N; number of patients, OR; odds ratio, PRP; platelet-rich plasma, RCT; randomized controlled trial, RIF; repeated implantation failure, RR; risk ratio.

Unclear total number of studies and/or population included in the analysis for RIF patients.

Better with PRP.
Cited by Busnelli as Nazari et al., 2019 and Zamaniyan et al., 2021.
Cited by Li as Nazari et al.,2020, Nazari et al., 2022, and Zamaniyan et al., 2021.
Cited by Liu as Nazari et al., 2019, Nazari et al., 2021, and Zamaniyan et al., 2021.

Cited by Kong as Nazari et al., 2020, Nazari et al., 2022, and Zamaniyan et al., 2021.

Cited by Deng as Nazari et al., 2020, Nazari et al., 2022 and Zamaniyan et al., 2021.
Cited by Hu as Nazari et al., 2020, Nazari et al., 2022 and Zamaniyan et al., 2021.

Cited by Panda as Nazari et al., 2019 and Zamaniyan et al., 2021.

*
1
2
3
4
Z Cited by Anitua as Nazari et al., 2019, Nazari et al., 2020, Nazari et al., 2021, and Zamaniyan et al., 2021.
7
8
9

Cited by Soliman as Nazari et al., 2019, Nazari et al., 2020, Nazari et al., 2022 (1), Nazari et al., 2022 (2), Zamaniyan et al., 2021.
10 Cited by Shalma as Nazari et al., 2020, Nazari et al., 2022b and Zamaniyan et al., 2021.

1 Cited by Vaidakis as Zamaniyan et al., 2021.

Are the available RCTs examining a real
RIF population?
In order for the results of any RCT to be credible, the intervention
tested needs to have a high likelihood of biological plausibility, i.
e. the RCTs should be testing an intervention in a population that
is likely to benefit from this intervention. In this regard, it is im-
portant to assess whether the population examined in each RCT
evaluating intrauterine PRP infusion truly satisfies the basic cri-
teria to be considered an RIF population. In this respect, the
methodology and RIF threshold proposed by ESHRE can identify a
population with a real clinical problem that needs to be solved.

Although the ESHRE RIF definition has been published after
the majority of the studies evaluating intrauterine infusion of
PRP in RIF patients were performed, it is feasible to confirm
whether the population of a specific study meets, or not, the
ESHRE definition for RIF.

Currently, none of the RIF definitions used in the relevant
published RCTs, evaluating the intrauterine infusion of autolo-
gous PRP, meet the minimum criteria for RIF proposed by ESHRE

(Table 5). In 2 out of the 13 RCTs (Dawood, 2022; El-Samman
et al., 2022), patients evaluated were <35 years of age; however, in
these studies, patients with less than three failed ETs were in-
cluded, thus not complying with ESHRE’s definition of RIF for this
age group (three or more failed ETSs).

As a consequence, intrauterine infusion of autologous PRP in
these RCTs is applied to patients who do not fulfill the ESHRE cri-
teria for RIF and therefore do not examine a real RIF population,
according to ESHRE (Cimadomo et al., 2023).

Is clinical use of intrauterine infusion of
autologous PRP justified in RIF patients?

Given the absence of RCTs in women with RIF, as recently pro-
posed by ESHRE, no evidence currently exists to accept or refute
a beneficial role of intrauterine infusion of autologous PRP on the
probability of pregnancy in these patients. Consequently, its clin-
ical use cannot be currently recommended and further research
is needed to assess its role in patients with RIF.
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How can future research evaluating
intrauterine infusion of autologous PRP in
RIF patients meaningfully guide

clinical practice?

Future RCTs should be designed with strict adherence to the
ESHRE criteria of RIF so that they are able to evaluate a homoge-
neous population of patients with a real clinical problem.
Furthermore, future research should aim to identify the optimal
methods for preparing and administering PRP. In this way, the
resulting data can be meaningfully synthesized, leading to robust
evidence on which clinicians can rely when making treatment
decisions for RIF patients.

The potential of intrauterine infusion of autologous PRP to im-
prove outcomes for women with RIF remains an important area
of research in assisted reproductive technologies. However, the
current evidence is insufficient to inform clinical practice,
highlighting the need for well-designed studies to provide
clearer guidance.

Supplementary data

Supplementary data are available at Human Reproduction online.
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