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ABSTRACT

Background

Despite substantial improvements in the success of assisted reproduction techniques (ART), live birth rates may remain consistently
low, and practitioners may look for innovative treatments to improve the outcomes. The injection of embryo culture supernatant in the
endometrial cavity can be undertaken at various time intervals before embryo transfer. It provides an altered endometrial environment
through the secretion of factors considered to facilitate implantation. It is proposed that injection of the supernatant into the endometrial
cavity prior to embryo transfer will stimulate the endometrium and provide better conditions for implantation to take place. An increased
implantation rate would subsequently increase rates of clinical pregnancy and live birth, but current robust evidence on the efficacy of
injected embryo culture supernatant is lacking.

Objectives

To evaluate the effectiveness and safety of endometrial injection of embryo culture supernatant before embryo transfer in women
undergoing ART.

Search methods

Our search strategies were designed with the help of the Cochrane Gynaecology and Fertility Group Information Specialist. We sought
to identify all published and unpublished randomised controlled trials (RCTs) meeting inclusion criteria. Searches were performed on 2
December 2019.

We searched the Cochrane Gynaecology and Fertility Group Specialised Register of controlled trials, CENTRAL, MEDLINE, Embase, CINAHL,
trials registries and grey literature. We made further searches in the UK National Institute for Health and Care Excellence (NICE) fertility
assessment and treatment guidelines. We handsearched reference lists of relevant systematic reviews and RCTs, together with searches of
PubMed and Google for any recent trials that have not yet been indexed in the major databases. We had no language or location restrictions.

Selection criteria

We included RCTs testing the use of endometrial injection of embryo culture supernatant before embryo transfer during an ART cycle,
compared with the non-use of this intervention, the use of placebo or the use of any other similar drug.
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Data collection and analysis

Two review authors independently selected studies, assessed risk of bias, extracted data from studies and attempted to contact the authors
where data were missing. We pooled studies using a fixed-effect model. Our primary outcomes were live birth/ongoing pregnancy and
miscarriage. We performed statistical analysis using Review Manager 5. We assessed evidence quality using GRADE methods.

Main results

We found five RCTs suitable for inclusion in the review (526 women analysed). We made two comparisons: embryo culture supernatant
use versus standard care or no intervention; and embryo culture supernatant use versus culture medium.

All studies were published as full-text articles. Data derived from the reports or through direct communication with investigators were
available for the final meta-analysis performed. The GRADE evidence quality of studies ranged from very low-quality to moderate-quality.
Factors reducing evidence quality included high risk of bias due to lack of blinding, unclear risk of publication bias and selective outcome
reporting, serious inconsistency among study outcomes, and serious imprecision due to wide confidence intervals (Cls) and low numbers
of events.

Comparison 1. Endometrial injection of embryo culture supernatant before embryo transfer versus standard care or no intervention:

One study reported live birth only and two reported the composite outcome live birth and ongoing pregnancy. We are uncertain whether
endometrial injection of embryo culture supernatant before embryo transfer during an ART cycle improves live birth/ongoing pregnancy
rates compared to no intervention (odds ratio (OR) 1.11, 95% CI 0.73 to 1.70; 3 RCTs; n = 340, |12 = 84%); very low-quality evidence). Results
suggest that if the chance of live birth/ongoing pregnancy following placebo or no treatment is assumed to be 42%, the chance following
the endometrial injection of embryo culture supernatant before embryo transfer would vary between 22% and 81%.

We are also uncertain whether the endometrial injection of embryo culture supernatant could decrease miscarriage rates, compared to
no intervention (OR 0.89, 95% Cl 0.44 to 1.78, 4 RCTs, n = 430, 12 = 58%, very low-quality evidence). Results suggest that if the chance of
miscarriage following placebo or no treatment is assumed to be 9%, the chance following injection of embryo culture supernatant would
vary between 3% and 30%.

Concerning the secondary outcomes, we are uncertain whether the injection of embryo culture supernatant prior to embryo transfer
could increase clinical pregnancy rates (OR 1.13,95% CI 0.80 to 1.61; 5 RCTs; n = 526, |12 = 0%; very low-quality evidence), decrease ectopic
pregnancy rates (OR 0.32, 95% C1 0.01 to 8.24; n = 250; 2 RCTs; |12 = 41%,; very low-quality evidence), decrease multiple pregnancy rates (OR
0.70, 95% Cl 0.26 to 1.83; 2 RCTs; n = 150; 12 = 63%; very low-quality evidence), or decrease preterm delivery rates (OR 0.63, 95% CI 0.17 to
2.42; 1 RCT; n = 90; 12 = 0%; very low-quality evidence), compared to no intervention. Finally, there may have been little or no difference in
foetal abnormality rates between the two groups (OR 3.10, 95% Cl 0.12 to 79.23; 1 RCT; n = 60; 12 = 0%; low-quality evidence).

Comparison 2. Endometrial injection of embryo culture supernatant versus endometrial injection of culture medium before embryo
transfer

We are uncertain whether the use of embryo culture supernatantimproves clinical pregnancy rates, compared to the use of culture medium
(OR1.09,95% Cl10.48 t0 2.46; n =96; 1 RCT; very low-quality evidence). No study reported live birth/ongoing pregnancy, miscarriage, ectopic
or multiple pregnancy, preterm delivery or foetal abnormalities.

Authors' conclusions

We are uncertain whether the addition of endometrial injection of embryo culture supernatant before embryo transfer as a routine method
for the treatment of women undergoing ART can improve pregnancy outcomes. This conclusion is based on current available data from
five RCTs, with evidence quality ranging from very low to moderate across studies. Further large well-designed RCTs reporting on live births
and adverse clinical outcomes are still required to clarify the exact role of endometrial injection of embryo culture supernatant before
embryo transfer.

PLAIN LANGUAGE SUMMARY

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction
Review question:

Researchers in the Cochrane Collaboration reviewed the evidence about the effectiveness and safety of endometrial injection of embryo
culture supernatant before embryo transfer in women undergoing assisted reproduction.

Background:

Assisted reproduction techniques (ART) includes techniques used for treating subfertility, and in vitro fertilisation (IVF) or intracytoplasmic
sperm injection (ICSI) are the most common. Despite both clinical and laboratory efforts and improvements in the success of these
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treatments, pregnancy rates remain relatively low. In IVF, eggs are retrieved from a woman's ovaries and placed in a dish with sperm from
her partner or from a donor, in a liquid called embryo culture medium. In ICSI, a single sperm cell is injected into a woman's egg, and then
the egg goes into the culture medium.

Various factors allow a communication of embryo with maternal tissues. These could affect the receptivity of the lining of the womb
(endometrium). Researchers have proposed that injecting the upper layer of the embryo culture's liquid, called supernatant, into the womb
before embryo transfer, might stimulate the lining of the womb and facilitate the embryo's attachment to it. This could improve live birth
rates and other ART outcomes.

Although injection before embryo transfer seems to be an encouraging procedure, its effectiveness and safety remain controversial, as
there is not much available evidence about outcomes. In this Cochrane Review, we summarised the relevant evidence. We aimed for our
conclusions to be as robust as possible, and also to identify any limitations to the evidence.

Study characteristics:

In consultation with the Cochrane Gynaecology and Fertility Group Information Specialist, we performed a comprehensive literature search
of the standard medical databases, from each databases' earliest records to December 2019. We searched for all randomised controlled
trials (RCTs) (studies in which participants are assigned to a treatment group using a random method) that investigated the effectiveness of
endometrial injection of embryo culture supernatant before embryo transfer, during a cycle with IVF or ICSI, versus any other intervention
or no intervention (usual care). IVF and ICSI are the two major modalities of ART. We searched for studies irrespective of language and
country of origin. Two review authors independently selected and evaluated studies, extracted data, and attempted to contact the authors
of studies for which data were missing. Five studies comprising 526 women met our review's inclusion criteria. We identified no ongoing
studies.

Key results:

We are uncertain whether the routine use of endometrial injection of embryo culture supernatant before embryo transfer has a positive
effect in women undergoing assisted reproduction, compared to usual care, for improving both live birth or ongoing pregnancy and
miscarriage rates. We found that the live birth or ongoing pregnancy rate with usual care was 42%, but it varied between 35% and 55%
when supernatant was injected. The risk of miscarriage was found to be 9% for usual care, and between 4% and 15% with the injection.
We found similar conclusions for the rates of clinical pregnancy, multiple pregnancy and ectopic pregnancy, as well as for preterm delivery
and foetal abnormalities. No single outcome measure in our review's included RCTs demonstrated a clear benefit with its use. There is
also insufficient evidence to support the routine use of endometrial injection of embryo culture supernatant compared to culture media
before embryo transfer.

Quality of the evidence:

The quality of the evidence was very low for nearly all outcomes. Evidence quality was low for foetal abnormalities. The main limitations
of the included RCTs were poorly reported study methods, wide variations in the characteristics of the included studies and statistical
imprecision due to the small study numbers and few numbers of events reported.

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 3
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SUMMARY OF FINDINGS

Summary of findings 1. Embryo culture supernatant injection compared to no intervention for subfertile women in assisted reproduction

Embryo culture supernatant injection compared to no intervention for subfertile women in assisted reproduction

Patient or population: Subfertile women undergoing assisted reproduction

Setting: IVF Units

Intervention: Embryo culture supernatant injection before embryo transfer
Comparison: No intervention

Outcomes Anticipated absolute effects” (95% Cl) Relative effect Ne of partici- Quality of the evi-
(95% ClI) pants dence
Risk with no inter-  Risk with embryo culture super- (studies) (GRADE)
vention natant
Live birth/ongoing 419 per 1,000 419 per 1,000 OR1.11 340 DOOO
pregnancy (218 to 808) (0.73t0 1.7) (3RCTs) VERY LOW 1,2,3
Miscarriage 88 per 1,000 102 per 1,000 ORO0.89 430 DOOO
(29 to 303) (0.44t0 1.78) (4 RCTs) VERY LOW 12,3
Clinical pregnancy 513 per 1,000 544 per 1,000 OR1.13 526 @000
(462 to 636) (0.80to 1.61) (5RCTs) VERY LOW1,2,3
Ectopic pregnancy 8 per 1,000 3 per 1,000 ORO0.32 250 BOOO
(0to61) (0.01to 8.24) (2 RCTs) VERY LOW1,2,3
Multiple pregnancy 147 per 1,000 107 per 1,000 ORO0.70 150 [2lolCIC)
(43 to 239) (0.26 t0 1.83) (2 RCTs) VERY LOW1,2,3
Preterm delivery 133 per 1,000 88 per 1,000 ORO0.63 90 @000
(25t0 271) (0.17t0 2.42) (1 RCT) VERY LOW2,4
Foetal abnormali- 0 per 1,000 0 per 1,000 OR3.10 60 ®BPO
ties (0to0) (0.12t0 79.23) (1 RCT) LOWA4

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: Confidence interval; OR: Odds ratio

GRADE Working Group grades of evidence
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High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may

change the estimate.

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to

change the estimate.

Very low quality: we are very uncertain about the estimate.

1Downgraded one level for imprecision; wide Cls and low number of events.

2 Downgraded one level due to studies at high risk of bias and unclear risk of publication bias
3 Downgraded one level due to high heterogeneity

4Downgraded two levels for imprecision; wide Cls and low number of events.

Summary of findings 2. Embryo culture supernatant compared to culture medium injection for subfertile women in assisted reproduction

Embryo culture supernatant compared to culture medium injection for subfertile women in assisted reproduction

Patient or population: Subfertile women undergoing assisted reproduction

Setting: IVF Units

Intervention: Embryo culture supernatant injection before embryo transfer
Comparison: Culture medium injection

Outcomes Anticipated absolute effects* (95% CI) Relative effect N2 of partici- Quality of the Comments
(95% Cl) pants evidence

Risk with culture mediumin-  Risk with embryo culture super- (studies) (GRADE)

jection natant
Live birth/ongoing Not reported in any study in this comparison
pregnancy
Miscarriage Not reported in any study in this comparison
Clinical pregnancy 583 per 1,000 604 per 1,000 OR1.09 96 @000

(402 to 775) (0.48 to 2.46) (1RCT) VERY LOW1,2

Ectopic pregnancy

Not reported in any study in this comparison

Multiple pregnancy

Not reported in any study in this comparison

Preterm delivery

Not reported in any study in this comparison

Foetal abnormalities

Not reported in any study in this comparison
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*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: Confidence interval; RR: Risk ratio; OR: Odds ratio;

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may
change the estimate.

Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.

Very low quality: we are very uncertain about the estimate.

1Downgraded two levels for imprecision; wide Cls and low number of events
2 Downgraded one level due to studies at high risk of bias and unclear risk of publication bias
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BACKGROUND

Description of the condition

Subfertility is a major problem among all populations and affects
10% to 15% of couples of reproductive age (Gnoth 2005). The
average age of women who give birth to their first child is rising.
Overall, it is almost 29 years of age in Europe, and in Mediterranean
countries such as Greece, Italy, Malta and Spain it is one year older
(Eurostat 2015; Eurostat 2019). The proportion of women who give
birth to their first child between the ages of 30 and 39 is 59.4% in
Spain and 51.9% in Greece. Similarly, in the USA, from 2000 to 2014,
for all birth orders, the mean age of mothers has increased. Age at
first birth has had the largest increase, from 24.9 years in 2000 to
26.3 years in 2014 (CDC 2016). A similar pattern is observed across
Europe (Rendall 2010).

Assisted reproduction techniques (ART) include the techniques
used for treating subfertility, and is defined as "all interventions
that include the in vitro handling of both human oocytes and
sperm or of embryos for the purpose of reproduction" (Zegers-
Hochschild 2017). It is estimated that the number of births
worldwide as a result of in vitro fertilisation (IVF) has already
exceeded eight million births (ESHRE 2018). However, pregnancy
rates after IVF have remained stable in the past decade, at
around 30% for cases undergoing intracytoplasmic sperm injection
(ICSI) (van Steirteghem 1993; Kuczynski 2001; Ben Rhouma
2003; Motteram 2015; EIM 2017). Advancing maternal age at
primigravidity increases the proportion of couples who need
assisted reproduction. Bearing in mind the significant impact of
subfertility on a couple's quality of life, every effort should be made
to increase their chance of live birth. Many interventions have been
investigated to overcome this situation (Farquhar 2015), but with
conflicting results and no firm consensus (Carney 2012; Lensen
2018; Siristatidis 2018). Some modalities that have been assessed
for improving ART outcomes are endometrial injury (Nastri
2015), administration of granulocyte-colony stimulating growth
factor (Kamath 2020), aspirin (Siristatidis 2016), hyaluronic acid
(Bontekoe 2014), antioxidants (Showell 2017) and pre-treatment
with androgens (Nagels 2015). In this context, current research
focuses on enhanced understanding of cellular and molecular
pathways involved in the process of implantation and the potential
for targeted interventions to improve implantation rates.

Although there have been continuous efforts to improve
understanding of human implantation in order to achieve a balance
between regulation and dysregulation of endometrial function,
and to facilitate the transfer of high-quality embryos in subfertile
women undergoing assisted reproduction, implantation rates
remain limited. There is a lack of useful tests to assess the function
of the healthy endometrium and in vivo peri-implantation events
remainina “black box” (Macklon 2017). Moreover, there are reports
pointing out that implantation failure, and especially repeated
failure, is linked to failure to properly synchronize the embryo with
thewoman's "personalized window of implantation" (Valdes 2017).

Description of the intervention

Successful implantation is a result of a complex sequence of
physiological events that must be synchronised in order for the
zygote to travel through the salpinx and reach the endometrial
cavity at a specific time (the 'implantation window'). This

synchronisation necessitates a timely cross-talk between the
zygote and the endometrium (Lopata 1996).

For this purpose, an embryo culture supernatant is derived from
the patient’s own embryos' culture media and injected into the
uterine cavity in an IVF cycle with cleavage stage embryos or
blastocysts. Embryos are taken off and put in a separate dish
with fresh media, and then the supernatant (culture medium)
is aspirated with an embryo transfer catheter. The supernatant
injection (approximately 20 pL) is performed transcervically into
the endometrial cavity, close to the fundus, using a separate IVF
catheter (Goto 2007). The intervention is a straightforward, feasible
technique that is easily accomplished before embryo transfer.

How the intervention might work

The rationale for the intervention is that it provides an altered
and optimum endometrial environment that might mimic in vivo
conditions, through the secretion of embryonic factors, which are
considered to facilitate implantation.

Studies suggest the human embryo secretes various factors during
its growth and prior to implantation, which seem to contribute to
cross-talk with the maternal tissues, thus modulating endometrial
receptivity (Teh 2016). Specifically, reports suggest that the human
pre-implantation embryo produces various factor that modulate
implantation potential, including immunosuppressive factors and
vascular endothelial growth factor (VEGF), human leukocyte
antigen G (HLA-G), interleukins (including IL-1 and IL-8), leukaemia
inhibitory factor (LIF), monocyte chemoattractant protein 1 (MCP-1)
and Regulated on Activation, Normal T Cell Expressed and Secreted
(RANTES) (Dinarello 1994; Giudice 1995; Tazuke 1996; Kriissel
2000; Spandorfer 2000; Caballero-Campo 2002; Achache 2006;
Desai 2006). Moreover, it downregulates the human mucin gene
1 (MUC-1), which naturally creates a barrier to the endometrial-
embryo attachment (Meseguer 2001). At the same time, the
endometrium regulates other receptors, e.g. for oestrogen and
progesterone, in an effort to improve the endometrial receptivity
for the process of implantation (Tazuke 1996; Tehraninejad 2012;
Teh 2016).

There is evidence to associate a negative impact of
ovarian hyperstimulation on embryo-endometrial synchrony and
subsequent pregnancy outcome (Maheshwari 2012; Teh 2016). It
is proposed that injection of the supernatant into the endometrial
cavity prior to embryo transfer would stimulate the endometrium
and provide better conditions (e.g. transfer of some cytokines
released in the culture media in the uterine cavity) forimplantation
to take place. An increased implantation rate would subsequently
increase rates of clinical pregnancy and live birth.

Why it is important to do this review

Injection of embryo culture supernatant prior to embryo transfer
seems to be a promising procedure, but there is uncertainty as to
its effectiveness and safety. In an initial report, the endometrial
culture medium was cryopreserved along with blastocysts and
transferred warmed two days before the frozen embryo transfer;
authors reported significant improvements in implantation and
pregnancy rates (Goto 2007). Further studies conducted using both
cleavage and blastocyst stage fresh and frozen embryo transfer
cycles reported conflicting results (Goto 2009; Zhu 2010; Prapas
2012; Kamath 2015; Hamdi 2018).

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 7
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There is thus an emerging need to summarise current evidence
and provide a clear view on the effectiveness of this practice
in order to encourage or disprove its clinical application. In this
Cochrane Review, authors systematically reviewed and synthesised
the relevant evidence and identified any gaps or limitations in our
current understanding. Assessment of the methodological quality
of existing and ongoing trials may encourage the conduct of more
studies on this topic.

OBJECTIVES

To evaluate the effectiveness and safety of endometrial injection
of embryo culture supernatant before embryo transfer in women
undergoing ART.

METHODS

Criteria for considering studies for this review
Types of studies

We included published and unpublished randomised controlled
trials (RCTs) that assessed the effectiveness and safety of
endometrial injection of embryo culture supernatant before
embryo transfer in women undergoing IVF or ICSI. Quasi-
randomised and crossover trials were excluded, unless first phase
results were present. We had no limitations in terms of language or
study setting.

Types of participants

Women and couples undergoing IVF or ICSI cycles (both fresh and
frozen). Oocyte donation cycles were excluded, in order to ensure
that the quality of the oocyte could not affect the final outcome due
to the intervention examined.

Types of interventions

Endometrial injection of embryo culture supernatant before
embryo transfer, during an assisted reproductive cycle with IVF
or ICSI (fresh or frozen), versus any other intervention or no
intervention (usual care).

Types of outcome measures
Primary outcomes
Effectiveness

« Live birth or (in studies not reporting live birth) ongoing
pregnancy per woman or couple randomised.

Live birth is defined as the delivery of a live foetus after 20
completed weeks of gestational age. Ongoing pregnancy is defined
as the presence of a foetal heart on ultrasound scan after 12 weeks
of gestation per woman or couple randomised. cumulative live
birth was also to be reported, if data were available.

Safety

« Miscarriage rates per woman or couple randomised.

Miscarriage is defined as the loss of pregnancy before 20 completed
weeks of gestational age.

Secondary outcomes
Effectiveness

« Clinical pregnancy rate per woman or couple randomised;

Clinical pregnancy is defined as the presence of a foetal heart on
ultrasound scan at seven weeks of gestation.

Safety

« Adverse events per woman or couple randomised:
* multiple and ectopic pregnancy rates;

* foetal growth restriction;
* preterm delivery (< 37 weeks of gestation);

* foetal abnormality rate (chromosomal, congenital and
anatomical).

Search methods for identification of studies

We searched for published and unpublished RCTs that assess the
impact of endometrial injection of embryo culture supernatant
before the embryo transfer, during a cycle with IVF or ICSI, in
consultation with the Cochrane Gynaecology and Fertility Group's
Information Specialist.

Electronic searches

We searched the following databases:

« the Cochrane Gynaecology and Fertility Group Specialised
Register; PROCITE platform, searched 2 December 2019
(Appendix 1)

« CENTRAL; OVID platform, searched 2 December 2019 (Issue
October 2019) (Appendix 2)

+ MEDLINE; OVID platform, searched from 1946 to 2 December
2019 (Appendix 3),

« Embase; OVID platform, searched from 1980 to 2 December 2019
(Appendix 4)

o CINAHL Plus; EBSCO platform, searched from 1961 to 2
December 2019 (Appendix 5).

All searches were carried out without any language, setting or date
restriction.

We combined the MEDLINE search with the Cochrane Highly
Sensitive Search Strategy for identifying RCTs that appears in
the Cochrane Handbook of Systematic Reviews of Interventions
(Chapter 6, 6.4.11; Lefebvre 2011). We combined the Embase
and CINAHL searches with trial filters developed by the Scottish
Intercollegiate Guidelines Network (SIGN) (www.sign.ac.uk/
methodology/filters.html#random).

We searched the World Health Organization's International
Clinical Trials Registry Platform (http://apps.who.int/trialsearch/
Default.aspx) and the ClinicalTrials.gov registry for ongoing
and registered trials (Appendix 6). We also searched OpenGrey
(www.opengrey.eu/) for grey literature. We consulted experienced
clinicians to learn of any ongoing or existing studies that we had not
identified.

Searching other resources

We examined the references lists of all studies (included and
excluded) and relevant reviews in order to identify further relevant

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 8
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articles. We also contacted experts in the field to find any additional
studies.

Data collection and analysis

We entered data into Review Manager 5 (RevMan 5) (RevMan 2014).
We conducted statistical analysis in accordance with the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).

Selection of studies

Two review authors (DV and ES) independently screened the
titles and abstracts of the publications identified by the literature

search strategy. We excluded studies that did not meet the
inclusion criteria and retrieved the full-text articles of the remaining
publications. We evaluated these independently to identify RCTs
eligible for inclusion. Any potential disagreements related to
study eligibility were resolved by discussion with another review
author (CSS). All excluded studies were listed after full-text
assessment in the ‘Characteristics of excluded studies' tables, and
we documented the study selection process in a PRISMA flow chart
(Figure 1).

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 9
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Data extraction and management

Two review authors (DV and ES) independently extracted study
characteristics and outcome data from the included studies using
a pre-designed data extraction form. All authors searched for
detailed information on participants, interventions, comparators,
outcomes, study design, funding sources and declarations of
interest for the primary investigators. For studies with multiple
publications, we used the main RCT report as the reference and
we supplemented it with additional data from the secondary
publications.

With the aim of retrieving additional data or methodological details
where necessary, we contacted authors of the included studies
via email. We sent a reminder if needed (a second email 15 days
after the first communication, if we received insufficient data or
no reply). Requested information included missing data, potential
subgroups that were not reported in the published manuscript and
elaboration on methods for the quality assessment. We resolved
any potential disagreements through consensus involving one of
the other review authors (CSS or VK). One review author imported
data into RevMan 5, and a second review author validated the
imported values against the data extraction form.

Assessment of risk of bias in included studies

Two review authors (DV and ES) independently assessed risk of bias
inthe included studies using the Cochrane ‘Risk of bias’ assessment
tool for selection bias (random sequence generation and allocation
concealment), performance bias (blinding of participants and
personnel), detection bias (blinding of outcome assessment),
attrition bias (incomplete outcome data), reporting bias and other
types of bias (Higgins 2011). A priori, we considered that a degree
of bias might inevitably exist in the studies, not only due to the
difficulty in blinding clinical staff and embryologists, but also due
to the unavoidable interaction between clinicians and patients,
given the nature of clinical processes required for the best possible
treatment outcomes. Considering these factors, we proceeded
with a meticulous evaluation of the methods of each study, and
requested further specifications from study authors in order to
clarify our evaluations. We also examined the possibility of selective
outcome reporting through comparison of outcomes reported in
study protocols or in their articles' methods sections with the
actual reported outcomes. We expected that pre-specified primary
outcomes would be appropriately described and that adverse
events would be reported clearly. Our intention was to group
multiple outcomes, if necessary. We resolved any disagreements
through discussion with another review author (CSS). We explicitly
reported our judgements of risk of bias in the ‘Risk of bias in
included studies’ table in the ‘Characteristics of included studies’
section, with relevant information supporting our assessments.

Measures of treatment effect

All defined outcomes were binary (dichotomous), and we used the
numbers of events in the control and intervention groups of each
study to calculate Mantel-Haenszel odds ratios (ORs). We used Peto
ORs for outcomes with low event rates, when needed, as described
inthe ‘Data synthesis' section. We reversed the direction of effect of
individual studies, if required, to ensure consistency across trials.
We presented 95% Cls for the ORs.

Unit of analysis issues

We expected that all studies would have the woman (or couple)
as the unit of randomisation. When data were not reported per
woman (or couple), e.g. if studies reported data "per cycle," we
made every effort either to extract the data from the text or retrieve
them through correspondence with the study authors, or both.
If we were unsuccessful, our intention was to summarise data in
narrative analysis and in additional tables, as necessary.

We counted multiple live births (e.g. twins, triplets) as single live
birth events.

Dealing with missing data

We evaluated included studies to determine whether missing data
were randomly distributed. Where data were missing, we contacted
trial authors to retrieve as much information as possible. Where
this was unobtainable, we undertook imputation of individual
values for our primary effectiveness outcome live birth/ongoing
pregnancy only. Live birth/ongoing pregnancy was assumed not
to have occurred in participants not reporting this. For other
outcomes, we analysed the available data.

Assessment of heterogeneity

We initially considered whether the clinical and methodological
characteristics of the included studies are consistent enough to
provide a clinically meaningful results through data pooling in a
meta-analysis.

We assessed statistical heterogeneity with the 12 statistic. We
considered an 12 statistic value of 30% to 60% to suggest
moderate heterogeneity, and a value of 60% to 90% to suggest
substantial heterogeneity across studies (Higgins 2011). In case
of substantial heterogeneity with important clinical impact for
a specific outcome, we explored possible explanations through
subgroup and sensitivity analyses (where data were available).

Assessment of reporting biases

We aimed to minimise the potential impact of publication bias and
other reporting biases by means of a thorough search for published
and unpublished data, We planned to use a funnel plot to explore
publication bias if we had combined data from 10 or more RCTs in
a given meta-analysis.

Data synthesis

All outcomes were dichotomous (binary). We combined data from
similar RCTs, using a fixed-effect Mantel-Haenszel model. We
reported the pooled ORs with their 95% Cls. Where events were
rare, and if all relevant criteria were fulfilled, we considered the
Peto method for pooling the data. An increase in the odds of the
outcome is displayed graphically in the meta-analyses to the right
of the centre-line, and a decrease in the odds of an outcome to the
left of the centre-line.

We planned to carry out pooled analyses for the following
comparisons: women or couples randomised to receive
endometrial injection of embryo culture supernatant before the
embryo transfer, during a cycle with IVF or ICSI, versus women/
couples randomised to receive one of the following comparators:
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« any other intervention during a cycle of IVF or ICSI (e.g.
endometrialinjury or plasmainfusion, or medical adjuncts given
prior to embryo transfer);

« sham or placebo-type intervention; or

« usual care (no additional intervention) during a cycle of IVF or
ICSI.

Subgroup analysis and investigation of heterogeneity

Clinical heterogeneity, given the diversity in interventions,
may affect the results. Differences in the cross-talk between
endometrium and embryo could affect the outcome of the
endometrium culture injection at different times before embryo
transfer. In addition, the quality of the embryo on day 3 orday 5 may
be different; the blastocyst is considered to be more viable with
higher rates of successfulimplantation and the number of previous
ART cycles reflects the potential of each woman to conceive (more
unsuccessful attempts reduce the possibilities). Where there was
substantial heterogeneity (12 > 60%), we determined effects for the
primary and the most clinically important secondary outcomes
within the following subgroups, if data were sufficient for any
meaningful analyses:

« age of the woman (< 37 years, 38 to 41 years, = 42 years);
« day of embryo transfer (early cleavage or blastocyst);
« type of cycle (frozen or fresh); and

« time of endometrium culture injection before embryo transfer
(e.g.=1day and = 1 hour before the transfer).

Sensitivity analysis

We conducted sensitivity analyses for the primary outcomes of live
birth/ongoing pregnancy and miscarriage, as well as for the most
clinically important secondary outcomes of clinical pregnancy,
ectopic pregnancy and multiple pregnancy, in order to determine
whether the conclusions are robust to arbitrary decisions made
regarding the eligibility and analysis. These analyses included
consideration of whether the review conclusions would have
differed if:

1. a random-effects model had been used;

2. the summary effect measure had been risk ratio (RR) rather than
OR;

3.studies at high or unclear risk of selection bias (random sequence
generation and allocation concealment) or reporting bias and
studies at high risk of bias in any other domain had been excluded;

4. the type of studies (full text or abstract) had been considered,

5. the type of denominator in miscarriage (per pregnancy or per
woman) had been considered; and

6. the primary outcome had been restricted to live birth orincluded
both live birth and ongoing pregnancy rate.

Overall quality of the evidence: ‘Summary of findings' table

We prepared two ‘Summary of findings' tables using the browser-
based version of GRADEpro (GRADEpro GDT 2015). This table
evaluates the overall quality of the body of evidence for
the main review comparison (endometrial injection of embryo
culture supernatant versus no intervention, or versus any other

intervention) on the primary and most important secondary
outcomes (live birth/ongoing pregnancy, miscarriage, clinical
pregnancy and adverse events) using GRADE criteria on study
limitations, consistency of effect, imprecision, indirectness and
publication bias. We justified, documented and incorporated
judgements about evidence quality into reporting of results for
each outcome. Two review authors (ES and DV) independently
assessed the quality of the evidence, and resolved any
disagreements by consulting a third review author (CSS). We
prepared two different ‘Summary of findings' tables according
to the comparisons (intervention versus no intervention or usual
care; and intervention versus stimulation of the endometrium with
culture media).

We extracted study data, formatted our comparisons in data tables
and prepared the ‘Summary of findings' tables before writing the
results and conclusions of our review.

RESULTS

Description of studies
Results of the search

Through the initial database search and other sources, we
identified 8325 articles. After removing duplicate records, and
screening 1110 titles and the remaining 800 abstracts, we identified
44 studies as possibly eligible, and retrieved the full-text report.
From these, we excluded 39 studies, with reasons for exclusion.
We identified and selected five studies for analysis. We found no
studies awaiting further assessment nor any ongoing studies. We
have displayed the summary details in the relevant figure (Figure 1).

Included studies

Five RCTsincluding 526 women in total met the inclusion criteria for
this review (Goto 2009; Zhu 2010; Prapas 2012; Tehraninejad 2012;
Kamath 2015). We selected these for qualitative and quantitative
analysis.

We sent emails to authors of all included studies (with appropriate
reminders) to obtain additional data.

In accordance with our pre-specified criteria and the available data,
we were able to include all five included studies in our meta-
analysis (Goto 2009; Zhu 2010; Prapas 2012; Tehraninejad 2012;
Kamath 2015).

Study design and setting

All five studies were set as RCTs, conducted in IVF centres (private
or university-based) in China, Greece, India, Iran and Japan.
Sample size was small in three of the five included studies (Zhu
2010,Tehraninejad 2012; Kamath 2015), while two studies were
relatively larger: Goto 2009 randomised 144 women and Prapas
2012 randomised 400 women. All studies were conducted in single
centres. All studies were published as full articles.

Participants

Baseline characteristics of the participants did not differ
significantly across studies or intervention groups, Four studies
included subfertile women, younger than 38 years old, who were
eligible for IVF or ICSI treatment, and excluded women with
risk factors for negative clinical outcomes, such as hydrosalpinx
or endometriosis. One study (Prapas 2012) had a higher mean
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(standard deviation (SD)) age of included women (37.2 (5.2) for
experimental, 35.8 (5.8) for control group). Three studies (Zhu 2010;
Tehraninejad 2012; Kamath 2015) reported the mean (SD) duration
of couple infertility, which ranged from 5.1 (2.8) years (Zhu 2010) to
8.07 (3.53 years) (Kamath 2015). Three studies reported basal FSH
levels, which ranged from 5.1 (2.3) mIU/mL (Zhu 2010) to 6.7 (2.3)
mlU/mL (Tehraninejad 2012).

Type of infertility was reported by two studies (Zhu 2010; Kamath
2015). Infertility was primary in 55% and 57% and secondary in
45% and 33% of the included women, respectively. In Prapas 2012,
the 200 oocyte donor cycles were evenly distributed across both
groups and the study was included. After communication with
study authors, we obtained and only included the 200 cycles for
whom non-donor oocytes were used. Concerning the employment
of fresh or frozen strategies, one study (Goto 2009) described
frozen-thaw embryo transfer for the purposes of the study.

Data availability

In all five studies, data on all randomised women were available
for analysis. All studies reported no losses after randomisation and
thorough follow-up.

Interventions

Intheintervention groups of all studies, before the embryo transfer,
the embryo culture supernatant was injected into the uterine
cavity, using an embryo transfer catheter placed just beyond the
internal os, prior to embryo transfer.

In all studies, the comparison was between injection of embryo
culture supernatant before embryo transfer, versus no injection
prior to transfer (Goto 2009; Zhu 2010; Prapas 2012; Tehraninejad
2012; Kamath 2015). One study had an extra comparison,
examining injection of embryo culture supernatant before embryo
transfer versus injection of culture medium before embryo transfer
(Goto 2009).

In two studies, embryos were transferred either on day 3 or day 5
(Prapas 2012, Zhu 2010), while in the remaining studies embryos
were transferred on day 5 (Goto 2009; Tehraninejad 2012; Kamath
2015).

In one study (Goto 2009) authors used frozen thawed blastocysts
and embryo culture medium and in another (Kamath 2015) authors
used vitrified warmed blastocysts.

Outcomes

Rates of live birth or ongoing pregnancy were reported in
three studies (340 women analysed; Prapas 2012; Tehraninejad
2012; Kamath 2015). One study reported on live birth rates
only (Kamath 2015), while two studies reported on live birth or
ongoing pregnancy rates as a combined outcome (Prapas 2012;
Tehraninejad 2012). Miscarriage rates were reported in four studies
(430 women; Zhu 2010; Prapas 2012; Tehraninejad 2012; Kamath
2015).

Regarding the secondary outcomes, clinical pregnancy was
reported in all five studies. Ectopic pregnancy was reported in one
study (190 women; Prapas 2012). Multiple pregnancy was reported
in two studies (150 women; Zhu 2010; Kamath 2015).

The preterm delivery rate was reported in one study (90 women;
Tehraninejad 2012). Foetal abnormality was reported in one study
(60 women; Kamath 2015).

Excluded studies

Of the 800 records we identified after removal of duplicates,
we excluded 766 studies on the basis of the abstract (Figure
1). Of the remaining 44 papers, all full texts were retrieved. Of
these, we subsequently excluded 38 as non-RCTs, or because they
did not explore the outcomes of interest pre-specified in this
review. We excluded one quasi-randomised RCT (Goto 2007) (see
Characteristics of excluded studies).

Studies awaiting assessment

No studies are awaiting further classification.
Ongoing studies
We found no ongoing studies related to the objective of this review.

Risk of bias in included studies

The risk of bias is described in detail in the 'Risk of bias' table in
Characteristics of included studies, and presented in Figure 2 and
Figure 3. The decision has been made after sending emails to the
study authors in an attempt to retrieve any further data.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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One study had a published registered protocol in international
databases (Kamath 2015), and one study had an ethical approval
obtained, reported as a specific number in the text (Tehraninejad
2012). The domains for whom high or unclear risk was noted were
blinding of assessment (Goto 2009; Zhu 2010; Tehraninejad 2012;
Kamath 2015) and blinding of participants (Goto 2009; Zhu 2010;
Kamath 2015).

Allocation

Random sequence generation

All five studies were introduced as RCTs. We assessed all five of them
to be at low risk of selection bias for random sequence generation,
as the investigators used computer generated randomization
sequences for the selection of the women or, in one case, coloured-
marble lots drawn by a blinded technician.

Allocation concealment

We considered four studies (Zhu 2010; Prapas 2012; Tehraninejad
2012; Kamath 2015) to be at low risk of bias in this domain, having
used sealed, consecutively numbered opaque envelopes or by
blinded personnel, so that patients and investigators could not
foresee the interventions. Concerning Goto 2009, in the absence of
the relevant data in the published report, we tried to contact the
investigators, but we did not receive any additional information. We
judged this domain to be at unclear risk of bias (Goto 2009).

Blinding

Two studies were considered to be at low risk of performance
bias because they described clearly blinding of patients, physicians
and laboratory personnel (Prapas 2012; Tehraninejad 2012). The
remaining three studies were at high risk of performance bias, due
to lack of blinding of participants and personnel or because in the
absence of details, we deemed that the method used was likely to
have affected the results (Goto 2009; Zhu 2010; Kamath 2015).

We assessed two studies to be at low risk of detection bias (Goto
2009; Prapas 2012), according to information provided by the
investigators through direct communication. Two studies were at
unclear risk of detection bias, due to lack of sufficient information
to reach a conclusion (Tehraninejad 2012; Kamath 2015). We judged
one study to be at high risk of detection bias due to the complete
absence of details concerning blinding of outcome assessment.

We deemed that the method used was likely to have affected the
results (Zhu 2010).

Incomplete outcome data

All five studies were assessed to be at low risk of attrition bias, as
no losses through follow-up were included and all subjects initially
randomised were included in the statistical analysis of the studies'
selected outcomes.

Selective reporting

We assessed one study to be at low risk of reporting bias (Kamath
2015) due to the adequate presentation of favourable and adverse
clinical outcomes, and to the existence of a registered protocol in
the Indian trial registry (CTRI/2013/01/003280), published before
the study was conducted. We assessed three studies (Zhu 2010;
Prapas 2012; Tehraninejad 2012) to be at unclear risk of reporting
bias, as all pre-specified outcomes of the study were adequately
reported, including reporting of adverse events. However, these
studies did not have published protocols pre-specifying the study
objectives. We assessed one study to be at high risk of reporting
bias, as the investigators did not report the primary adverse event
(miscarriage) (Goto 2009). This would be expected from a study that
focused on embryological outcomes, avoiding a longer follow-up
that could reveal clinically important results, such as live births or
ongoing pregnancies (Goto 2009).

Other potential sources of bias

We assessed one study to be at unclear risk of other bias because of
a lack of sufficient information to determine otherwise (Goto 2009).

All other four studies were judged at low risk of other bias, because
we could not detect further methodological gaps and we had no
rationale to question another source inducing bias in the results
(Zhu 2010; Prapas 2012; Tehraninejad 2012; Kamath 2015)

Effects of interventions

See: Summary of findings 1 Embryo culture supernatantinjection
compared to no intervention for subfertile women in assisted
reproduction; Summary of findings 2 Embryo culture supernatant
compared to culture medium injection for subfertile women in
assisted reproduction

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 15
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

Comparison 1: Embryo culture supernatant versus no
intervention

Primary outcomes
1.1 Live birth or ongoing pregnancy rate per woman randomised

This outcome was reported in three out of five studies (Prapas
2012; Tehraninejad 2012; Kamath 2015). We are uncertain whether
the endometrial injection of embryo culture supernatant injected

before embryo transfer improves live birth or ongoing pregnancy
rates compared to the use of placebo/no intervention (OR 1.11,
95% CI 0.73 to 1.70; 3 RCTs; n = 340; |12 = 84%; very low-quality
evidence). Our findings suggest that if the chance of live birth/
ongoing pregnancy following placebo or no treatment is assumed
to be 42%, the chance following the endometrial injection of
embryo culture supernatant before embryo transfer is estimated to
be between 22 and 81% (Analysis 1.1; Figure 4).

Figure 4. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.1 live birth/

ongoing pregnancy.
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We observed considerable heterogeneity (12 = 84%). Only one
study (Tehraninejad 2012) reported an outcome favouring the
intervention, while the other two reported a benefit for no
intervention. To assess heterogeneity, studies were stratified
according to mean age of participants, as pre-specified in our
protocol.

In the subgroup of women of < 37 years of age (Tehraninejad 2012;
Kamath 2015), we are uncertain whether embryo culture injection
increases live births (OR 1.36, 95% Cl 0.73 to 2.54; 2 RCTs; n = 150;
12 = 92%; very low-quality evidence). Concerning the other three
criteria, two studies reported a blastocyst transfer and fresh cycles
(Prapas 2012; Tehraninejad 2012) and one study had frozen cycles
(Kamath 2015).

1.11[0.73, 1.70] ?

001 01 1 0 100
Favours no intervention Favours supernatant fluid

In the subgroup analysis according to the timing of intervention,
one study (Kamath 2015) reported an embryo culture supernatant
injection performed two days prior to embryo transfer.

In the < 1 day subgroup analysis (Prapas 2012; Tehraninejad 2012),
we are uncertain whether the intervention had an effect on live
birth or ongoing pregnancy (OR 1.44, 95% CI 0.90 to 2.30; 2 RCTs; n
=280; 12 = 84%; very low-quality evidence).

In the subgroup analysis according to the type of cycle (fresh or
frozen), one study reported frozen cycles (Kamath 2015). We are
uncertain whether there was a significant effect of the intervention
on the outcome of live birth/ongoing pregnancy (OR 0.30, 95% ClI
0.10 t0 0.92; 1 RCT; n = 60).
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The sensitivity analysis of the studies, using a random-effects
model (OR 1.05, 95% CI 0.31 to 3.53; 3 RCTs; n = 340; 12 = 84%;
very low-quality evidence), did not alter the results. There were
insufficient data to perform a sensitivity analysis according to the
risk of bias assessment, or type of studies (all studies were in full
text) or the restriction of the primary outcome to live birth only
(all studies reported live birth and ongoing pregnancy as a single
outcome).

1.2 Miscarriage rate per woman randomised

This outcome was reported in four studies (Zhu 2010; Prapas
2012; Tehraninejad 2012; Kamath 2015). We are uncertain whether
the endometrial injection of embryo culture supernatant before
embryo transfer improves the miscarriage rate compared to no
intervention or placebo (OR 0.89, 95% CI 0.44 to 1.78; 4 RCTs; n
= 430; 12 = 58%; very low-quality evidence). Results suggest that
if the chance of miscarriage following placebo or no treatment
is assumed to be 8.8%, the chance following injection of embryo
culture supernatant is estimated to be between 2.9% and 30.3%
(Analysis 1.2; Figure 5).

Figure 5. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.2 miscarriage.
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(E) Incomplete outcome data (attrition bias)
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(G) Other bias
In  subgroup analyses, in the age subgroups, we are quality evidence) did not alter the results. There was insufficient

uncertain whether endometrial injection of supernatant improved
miscarriage rates (years old subgroup: OR 0.86, 95% Cl 0.40 to
1.85; 3 RCTs; n = 240; |12 = 72%); very low-quality evidence). In the
timing of injection subgroup analysis, we are uncertain whether the
intervention improved miscarriage rates (1 to 24 hours subgroup:
OR 0.47, 95% Cl 0.20 to 1.14; 2 RCTs; n = 280; 12 = 58%; very low-
quality evidence). Finally, in the type of cycle (fresh or frozen)
subgroup analysis, we are uncertain whether the intervention
improved miscarriage rates in the fresh cycle (OR 0.57, 95% Cl 0.25
to 1.27; 3 RCTs; n = 370) and frozen cycle (OR 7.25, 95% Cl 0.82 to
64.46; 1 RCT, n = 60).

Sensitivity analysis of the studies using a random-effects model
(OR 1.19, 95% Cl 0.31 to 4.52; 4 RCTs; n = 430; 12 = 58%); very low-

data to perform a sensitivity analysis according to the risk of bias
assessment, or type of studies (all studies were in full text) or the
type of denominator for miscarriage (per pregnancy or per woman),
as all studies used 'per woman'.

Secondary outcomes
1.3 Clinical pregnancy rates per woman or couple randomised

This outcome was reported in all five studies (Goto 2009; Zhu
2010; Prapas 2012; Tehraninejad 2012; Kamath 2015). We are
uncertain whether the endometrial injection of embryo culture
supernatant before embryo transfer improves clinical pregnancy
rates compared with placebo (OR 1.13,95% CI 0.80 to 1.61; 5 RCTs;
n =566; 12 = 0%; very low-quality-evidence). Figure 6
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Figure 6. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.3 clinical

pregnancy.
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Similarly, through subgroup analysis, we are uncertain whether
thereis a differencein clinical pregnancy between the experimental
and the control group in the < 37-year-old subgroup (OR 1.26, 95%
C1 0.80 to 1.96; 4 RCTs; n = 336; |12 = 0%; very low-quality-evidence),
or by stratification according to the timing of intervention (1 to 24
hours subgroup: OR1.19,95% CI0.78 to 1.81; 3 RCTs; n =376; 12=0%;
very low-quality evidence). In subgroup analysis according to type
of cycle (fresh or frozen) two studies reported frozen cycles (Goto
2009; Kamath 2015). We are uncertain as to whether there was a
significant effect of injection on clinical pregnancy rates (OR 1.05,
95% CI 0.56 to 1.98; 2 RCTs; n = 156; 12 = 0%).

The sensitivity analysis of the studies (Goto 2009; Zhu 2010; Prapas
2012; Tehraninejad 2012; Kamath 2015) using a random-effects
model (OR 1.13, 95% Cl 0.79 to 1.61; 5 RCTs; n = 526; 12 = 0%,
very low-quality evidence) did not alter the results. There was
insufficient data to perform a sensitivity analysis according to the

1.13 [0.80, 1.61] r

001 01 1 0 100
Favours no intervention Favours supernatant fluid

risk of bias assessment as none of the studies (Goto 2009; Zhu
2010; Prapas 2012; Tehraninejad 2012; Kamath 2015) fulfilled the
pre-specified inclusion criteria (low risk of selection and reporting
bias, low or unclear risk in all other domains, There were also
insufficient data to perform a sensitivity analysis according to the
type of studies (all studies were in full text).

1.4 Ectopic pregnancy

This outcome was reported in two studies (Prapas 2012; Kamath
2015). We are uncertain whether there was a difference between
the intervention group and the control group with regard to ectopic
pregnancy (OR 0.32, 95% CI 0.01 to 8.24; n = 250; 2 RCTs, 12 = 41%;
very low-quality evidence). Only one event was recorded in the
control group in one of the studies included (Kamath 2015), while
the experimental arm of Kamath 2015 and both arms in Prapas 2012
exhibited zero events (Figure 7).
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Figure 7. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.4 ectopic

pregnancy.
Supernatant fluid No intervention Odds Ratio Odds Ratio Risk of Bias
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(G) Other bias

Stratification of patients by age could not generate a meaningful
comparison, as this outcome was mentioned only in two studies;
one of them had patients younger than 37 years old (Kamath 2015),
while the other one had patients older than 37 years old (Prapas
2012).

The sensitivity analysis of the studies using a random-effects model
(OR 0.32, 95% Cl 0.01 to 8.24; 2 RCTs; n = 250; 12 = 0%, very low-
quality evidence) did not alter the results. There was insufficient

10 100
Favours no intervention

001 0.1 1
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data to perform a sensitivity analysis according to the risk of bias
assessment or the type of studies (all studies were in full text).

1.5 Multiple pregnancy

This outcome was reported in two studies (Zhu 2010; Kamath 2015).
We are uncertain whether the endometrial injection of embryo
culture supernatant before embryo transferimproves the incidence
of multiple pregnancies compared to no intervention/placebo (OR
0.70,95% Cl 0.26 to 1.83,2 RCTs, n = 150, 12 = 63%, very low-quality
evidence; Figure 8).

Figure 8. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.5 multiple
pregnancy. In Zhu 2010, multiple embryos were transferred per woman. In Kamath 2015, stimulation of

endometrium embryo transfer (SEET) was performed.
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Stratification of patients by age was not applicable, as both
studies reporting this outcome included patients younger than 37
years old. Through the pre-specified subgroup analysis according
to type of cycle (fresh or frozen), we are uncertain whether
endometrial injection of embryo culture supernatant affected
multiple pregnancy rates: fresh cycle (OR 1.75, 95% CI 0.39 to 7.81;
1 RCT; n=90) and frozen cycle (OR 0.31, 95% CI 0.07 to 1.29; 1 RCT,
n=60).

The sensitivity analysis of the studies using a random-effects model
(OR 0.72, 95% CI 0.13 to 4.00; 2RCTs; n = 150; 12 = 63%, very low-

quality evidence) did not alter the results. There was insufficient
data to perform a sensitivity analysis according to the risk of bias
assessment or the type of studies (all studies were in full text).

1.6 Preterm delivery

This outcome was reported in one study (Tehraninejad 2012). We
are uncertain whether endometrial injection improved preterm
delivery (OR 0.63,95% CI 0.17 to 2.42, 1 RCT, n =90, |12 = 0%, studies
=1, very low-quality evidence) Figure 9

Figure 9. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.6 preterm

delivery.
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(F) Selective reporting (reporting bias)

(G) Other bias

There was insufficient data to perform any meaningful sensitivity
analysis.

1.7 Foetal abnormalities

This outcome was reported in one study (Kamath 2015).There may
have been little or no differencein foetal abnormalities between the

001 0.1 1 10 100
Favours supernatant fluid Favours no intervention

intervention group and the control group (OR 3.10, 95% Cl 0.12 to
79.23, 1 RCT, n = 60, 12 = 0%, low-quality evidence). Figure 10. Peto
OR was 7.39 (0.15, 372.38).

Figure 10. Forest plot of comparison: embryo culture supernatant versus standard care, outcome: 1.7 foetal

abnormalities.
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There were insufficient data to perform any meaningful sensitivity
analysis.

Other analyses

We performed a sensitivity analysis using a random effects model
for the primary outcomes and for the most clinically important
secondary outcomes.

(1) Live birth or ongoing pregnancy rate per woman randomised

The sensitivity analysis of the studies (Prapas 2012; Tehraninejad
2012; Kamath 2015) did not alter the results (OR 1.05, 95% CI 0.31
to 3.53; 3 RCTs; n = 340; 12 = 84%); very low-quality evidence).

(2) Miscarriage rate per woman randomised

The sensitivity analysis of the studies (Zhu 2010; Prapas 2012;
Tehraninejad 2012; Kamath 2015) did not alter the results (OR 1.19,
95% Cl 0.31 to 4.52; 4 RCTs; n = 430; 12 = 58%; very low-quality
evidence).

Similarly, the effect did not change for the secondary outcomes,
either for clinical pregnancy (Goto 2009; Zhu 2010; Prapas 2012;
Tehraninejad 2012; Kamath 2015) (OR 1.13, 95% CI 0.79 to 1.61; 5
RCTs; n = 526; 12 = 0%, very low-quality evidence) or for ectopic
pregnancy (Prapas 2012; Kamath 2015) (OR 0.32, 95% Cl 0.01 to
8.24; 2 RCTs; n = 250; 12 = 0%, very low-quality evidence) or for
multiple pregnancy (Zhu 2010; Kamath 2015) (OR 0.72, 95% C1 0.13
t0 4.00; 2 RCTs; n =150; 12 = 63%, very low-quality evidence).

Each of the remaining outcomes, preterm delivery (Tehraninejad
2012) and foetal abnormalities (Kamath 2015), were reported in one
study. We could not perform a meaningful sensitivity analysis.

We also performed a sensitivity analysis using RR to measure
magnitude of effect (pooled RR) in the primary outcomes and the
most clinically important secondary outcomes. This analysis was
not mentioned in the review protocol, but it was conducted towards
a more extensive investigation of the heterogeneity detected. The
change is stated in the section Differences between protocol and
review.

(1) Live birth or ongoing pregnancy rate per woman randomised

The sensitivity analysis of the studies (Prapas 2012; Tehraninejad
2012; Kamath 2015) did not alter the results (RR 1.00, 95% C1 0.52 to
1.93; 3 RCTs; n = 340; 12 = 82%); very low-quality evidence).

(2) Miscarriage rate per woman randomised

The sensitivity analysis of the studies (Zhu 2010; Prapas 2012;
Tehraninejad 2012; Kamath 2015) did not alter the results (RR 1.17,

95% Cl 0.36 to 3.82; 4 RCTs; n = 430; 12 = 54%; very low-quality
evidence).

Similarly, the effect did not change for the secondary outcome of
clinical pregnancy (Goto 2009; Zhu 2010; Prapas 2012; Tehraninejad
2012; Kamath 2015) (RR 1.06,95% C10.90 to 1.24; 5 RCTs; n=526; 12=
0%; very low-quality evidence). This was also true for the secondary
outcomes of ectopic pregnancy (Prapas 2012; Kamath 2015) (RR
0.33, 95% CI 0.01 to 7.87; 2 RCTs; n = 250; |12 = 0%); very low-quality
evidence) and multiple pregnancy (Zhu 2010; Kamath 2015) (RR
0.73,95% Cl 0.31 to 1.71; 2 RCTs; n = 150; 12 = 60%; very low-quality
evidence).

Each of the remaining outcomes, preterm delivery (Tehraninejad
2012) and foetal abnormalities (Kamath 2015) were reported in
one study respectively.Thus, we could not perform a meaningful
sensitivity analysis.

There was insufficient evidence to perform further sensitivity
analyses in terms of risk of bias assessment, type of study, type of
denominator in miscarriage (per woman or per pregnancy) or by
restriction of the primary outcome to live birth only.

We conducted the planned analyses using Peto ORs and the results
were as follows. For miscarriage, Peto OR was 0.90 (95% Cl 0.46
to 1.79; 4 RCTs; n = 430; 12 = 58%; very low-quality evidence). For
ectopic pregnancy, Peto OR was 0.14 (95% CI 0.003 to 7.04; 2 RCTs;
n = 250, very low-quality evidence). For multiple pregnancy, Peto
ORwas 0.70 (95% CI 0.27 to 1.82; 2 RCTs; n =150; 12 = 63%; very low-
quality evidence). For foetal abnormalities, Peto OR was 7.39 (95%
Cl10.15 to 372.38; 1 RCT; n = 60, moderate quality evidence).

Comparison 2: Embryo culture supernatant versus culture
media

Primary outcomes
2.1 Live birth or ongoing pregnancy rate per woman randomised

There were no trials addressing this outcome.

2.2 Miscarriage rate per woman randomised

There were no trials addressing this outcome.

Secondary outcomes
2.3 Clinical pregnancy rates per woman or couple randomised

Only one trial addressed this outcome (Goto 2009). We are
uncertain whether the use of embryo culture supernatantincreases
clinical pregnancy rates (OR 1.09, 95% Cl 0.48 to 2.46; n = 96; 1 RCT;
very low-quality evidence), compared to the use of culture media
before embryo transfer (Figure 11).
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Figure 11. Forest plot of comparison: 2 Embryo culture supernatant vs. stimulation of endometrium, outcome: 2.1

clinical pregnancy.
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2.4 Ectopic pregnancy

There were no trials addressing this outcome.

2.5 Multiple pregnancy

There were no trials addressing this outcome.

2.6 Preterm delivery

There were no trials addressing this outcome.

2.7 Foetal abnormalities

There were no trials addressing this outcome.
DISCUSSION

Summary of main results

This Cochrane review compared the effectiveness and safety
of endometrial injection of embryo culture supernatant before
embryo transfer versus any other intervention in use, or versus no
intervention, for improving rates of live birth or ongoing pregnancy
and miscarriage in women undergoing ART. We included five
RCTs comprising 526 participants. We made two comparisons:
use of embryo culture supernatant versus standard care or no
intervention; and injection of embryo culture supernatant versus
injection of culture medium before embryo transfer.

In the first comparison, the overall quality of evidence ranged
from very low to moderate. We found very low-quality evidence
from three RCTs of no clear difference in the rates of live birth
or ongoing pregnancy between the group of embryo culture
supernatant injection and the group receiving standard care or
no intervention (Goto 2009; Zhu 2010; Prapas 2012; Tehraninejad
2012; Kamath 2015). We found very low-quality evidence from
four RCTs of no significant difference in miscarriage rates between
the two groups. In addition, we found very low-quality evidence
from five RCTs of no clear difference in clinical pregnancy rates
between the embryo culture supernatant injection technique
group and the control group. There were quite sparse data for the
rest of the secondary outcomes, In particular, for the secondary
outcomes of ectopic and multiple pregnancy, we collected very
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0.01
Favours supernatant

low-quality data from two studies of no significant difference in
effect between the two groups. We also found very low-quality data
from one study in preterm delivery rates with no clear difference
between intervention and control group. Finally, we retrieved low
quality data for the secondary outcome of foetal abnormalities
from one study showing no clear difference between embryo
culture supernatant injection and standard procedure. Thus we
were uncertain whether the intervention improves the clinical
outcomes examined. The effect estimate was not affected when
we used a random-effects model and pooled RR for both primary
and important secondary outcomes. Similarly, subgroup analyses
(where applicable, according to data availability) in terms of age,
time of injection and type of cycle, did not substantially alter the
results.

Inthe second comparison, we found very low-quality evidence from
one RCT demonstrating no clear difference in clinical pregnancy
rates between the group that received injection of embryo culture
supernatant and the group that received injection of culture
medium prior to embryo transferThere were no trials addressing
the other outcomes in order to attempt further assessments.

Overall, the limited data and the very low quality of the evidence
for most outcomes did not allow us to reach robust conclusions
about the effectiveness and safety of endometrial injection of
embryo culture supernatant on top of standard procedures (no
intervention) or other types of interventions.

Overall completeness and applicability of evidence

The objectives of this review were sufficiently addressed by the
studies analysed. We included five RCTs with data relevant to
the review question. Thus, we were able to proceed not only
with the qualitative but also with the quantitative analysis of
the data retrieved, regarding the evaluation of embryo culture
supernatant intrauterine injection prior to embryo transfer in
comparison to standard care or no intervention. There were RCT
data available to address the primary outcome measures of live
birth/ongoing pregnancy and miscarriage per allocated couple
or woman randomised. Similarly, there were sufficient data to
address the secondary outcomes of clinical pregnancy and of
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ectopic or multiple pregnancy, considered as adverse effects..
There were sparse data on the outcomes of preterm delivery and
foetal abnormalities, as each of them was mentioned only in
one study. As for the planned comparison of the use of embryo
culture supernatant with culture medium injection before embryo
transfer, we were able to identify only one study, which addressed
only the secondary outcome of clinical pregnancy. Consequently,
there were no data available on the primary outcomes for this
comparison.

Participants eligible for inclusion were women younger than 40
years old, with a good prognosis and good quality embryos
available at day 2 or 3. They were due for a fresh or a
frozen/vitrified-thawed blastocyst transfer and had supernumerary
embryos available for cryopreservation. Participants included
could also have previously unsuccessful fresh blastocyst transfers,
or a successful previous outcome previously and interested in
having another child. Specific categories of patients such as
women undergoing fresh transfer due to high risk of OHSS,
women with recurrentimplantation failures, known endometriosis,
hydrosalpinx or uterine anomalies, were excluded from the trials.
Given the study populations, the results of this review are widely
applicable for women identified as normal responders for ART.
However, there is a gap in the literature for other subgroups
of subfertile women, such as those excluded from the study
populations above. As the results of this systematic review
demonstrated no significant efficacy and safety of injection of
embryo culture supernatant in improving ART outcomes based on
studies of ambiguous quality evidence, more evidence is needed to
reach robust conclusions.

In addition to the published data collected, we also made multiple
efforts to retrieve extra details on the trials through communication
with authors. Unfortunately, we obtained only a small amount of
evidence. Important information is still missing in many cases,
which hindered our ability to perform more and better quality
statistical analyses as well as to assess these studies overall.

Quality of the evidence

We found 44 potentially eligible studies. From these, five studies
were eligible for inclusion and further analysis. We collected
published data and retrieved additional details through direct
communication with most authors of the original studies.

Concerning the first comparison (embryo culture supernatant use
versus standard care or no intervention) the overall quality of the
evidence ranged from very low to moderate. Limitations included
serious risk of bias associated with poor reporting of methods
and selective reporting, imprecision and high heterogeneity and
unclear risk of publication bias.

In particular, we found very low-quality evidence for the primary
outcome of live birth or ongoing pregnancy that was reported
in three studies, as we judged one study to be at high risk of
bias, detected serious imprecision, low numbers of events and
wide confidence intervals, compatible with benefit in either arm,
or no difference between the groups, and identified substantial
heterogeneity across studies. We also found very low-quality
evidence from four trials for the primary adverse event of
miscarriage. Evidence quality was graded down for imprecision,
wide confidence intervals, low number of events and serious
heterogeneity,

Moreover, we found very low-quality evidence for the secondary
outcome of clinical pregnancy, for the same reasons as for
live birth or ongoing pregnancy. We detected very low-quality
evidence from two trials for ectopic pregnancy due to imprecision,
wide confidence intervals, low number of events and substantial
heterogeneity across studies, Furthermore, the quality of evidence
for the secondary outcome of multiple pregnancy described in two
studies was very low for all the same reasons, including studies at
high risk of bias, serious imprecision and heterogeneity. As for the
secondary outcome of preterm delivery, mentioned in one study,
we found very low-quality evidence due to all factors mentioned
above. Finally, we found low quality of evidence from one trial for
the secondary outcome of foetal abnormalities, because of very
serious imprecision and low numbers of events reported.

Concerning the second comparison (embryo culture supernatant
use versus media culture use) the overall quality of the evidence
for the secondary outcome of clinical pregnancy was very low.
The reasons for this assessment included serious imprecision and
wide Cls, high risk of bias, substantial heterogeneity and unclear
publication bias. There were no data on the remaining both primary
and secondary outcomes examined in this review.

Potential biases in the review process

We made every effort to identify all eligible studies, following
standard procedures. Only two trial authors responded sufficiently
to our requests for additional information (Prapas 2012; Kamath
2015). We retrieved only a few additional data through direct
communication, while several aspects of the trials remained quite
obscure to us, given that we did not receive a response with
valuable clarifications from most authors. This lack of information
affected our judgements substantially and subsequently became a
reason for downgrading the quality of our evidence.

Agreements and disagreements with other studies or
reviews

This current review aimed to establish whether the use of embryo
culture supernatant before embryo transfer may play a beneficial
role in improving pregnancy outcomes in women undergoing ART.
Our review showed that there is no benefit of its use for ART
treatment.

A similar review to date addressing this comparison, ended up
with similar results (Kamath 2017). Authors included five RCTs
and combined data from only two for the meta-analysis. Due to
clinical heterogeneity; they concluded that they did not find any
improvement in clinical pregnancy rate with the use of embryo
culture supernatant prior to embryo transfer compared to no
intervention in women undergoing ART.

AUTHORS' CONCLUSIONS

Implications for practice

Alhough data about the potential action of factors facilitating
implantationinan IVF cycle existin literature, we are uncertain if the
addition of endometrial injection of embryo culture supernatant
before embryo transfer as a routine method for the treatment
of women undergoing ART can improve pregnancy outcomes.
This conclusion is based on available data from five RCTs, with
varying quality of evidence, ranging from very low quality to
moderate quality, for different outcomes assessing its effectiveness
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and safety across studies. More rigorous studies that report on
important clinical outcomes such as live births, as well as on
adverse events such as miscarriage, are still required.

Implications for research

We aimed to provide a clear overview of the effectiveness and safety
of endometrial injection of embryo culture supernatant before
embryo transfer in women undergoing ART. We identified five RCTs
suitable for inclusion in the review, all published in the form of
full texts and including a total of 526 women. Three out of the five
included studies were small in terms of the study population, while
two were relatively larger.

Overall, we collected data of very low-quality evidence that
did not allow us to make safe judgements leading to robust
conclusions. Properly conducted RCTs with appropriate endpoints
(live-birth and miscarriage rates must be the primary outcomes,
also avoiding the combination with ongoing pregnancy) that
compare the use of endometrial injection of embryo culture
supernatant before embryo transfer with the use of a placebo
intervention in ART are required in order to give definite answers
and avoid misconceptions. Appropriate study design in terms
of randomisation, blinding and collecting results, as well as
unbiased study reporting, are required to minimise bias and
obtain consistent and objective findings. Sufficient power through
sample size calculation is also needed, based on current data and
estimated differences in outcomes. Participants included in the

trials were mainly young women, identified as normal responders
to ovarian stimulation. Other subgroups, such as high or poor
responders, or even women with recurrent implantation failures,
could be included in the trials. Accurate documentation of the
randomisation, allocation concealment, and blinding methods is
highly desirable, so that risks of bias could be eliminated and
the quality of the conclusions could be at high levels. In addition
to the primary outcomes of live birth and miscarriage, study
protocols should include the reporting of other adverse effects, and
of crucial secondary outcomes. Finally, studies on frozen-thawed
cycles should also been performed, as such strategies (e.g. freeze-
all policy) have become very popular for most of the population
seeking for assisted reproduction (Zandstra 2018).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Goto 2009

Study characteristics

Methods Study design: RCT
Setting: Private IVF clinic

Period:NS

Participants Patient(s):

144 women in their first ART cycle who had at least one blastocyst but who, to prevent the develop-
ment of ovarian hyperstimulation syndrome (OHSS), had not yet undergone fresh embryo transfer in
stimulated cycles.

Their blastocysts were therefore cryopreserved for frozen-thaw embryo transfer in the study cycle.
Exclusion criteria: Patients with hydrosalpinx
48 women in the BT group (23 with low-grade blastocysts, 25 with high-grade blastocysts)

48 women in the ST group who had culture medium injected into the uterus before BT (19 with low-
grade blastocysts, 29 with high-grade blastocysts)

48 women in the SEET group (23 with low-grade blastocysts, 25 with high-grade blastocysts)
Baseline characteristics

Age of patient (years)

Period of infertility (months)

Basal FSH level (mIU/mL)

No. of oocytes retrieved

No. of oocytes fertilised

Interventions Injection of embryo culture supernatant and injection of culture medium

Outcomes Main outcome measure(s):
No. of chemical pregnancies
Implantation rate per embryo (%)
No. of clinical pregnancies
Clinical pregnancy rate per transfer (%)

Low grade blastocysts

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) 30
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


https://doi.org/10.1093%2Fhumrep%2Fdey246
https://doi.org/doi.org%2F10.1093%2Fhumrep%2Fdex234

Cpchrane
Library

O

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Goto 2009 (Continued)

High grade blastocysts

Notes

48 women in the BT group who underwent BT (control), 48 women in the stimulation group (ST) who
had culture medium injected into the uterus before BT, and 48 women in the SEET group who had ECS
injected into the uterus before BT.

Assingle frozen-thawed blastocyst was transferred in the hormonal replacement cycle in the study.

Written informed consent was obtained from the patients, and the entire procedure was examined and
approved by the Institutional Review Board (IRB) of Hanabusa Women'’s Clinic.

Risk of bias

Bias

Authors' judgement

Support for judgement

Random sequence genera-  Low risk Patients were randomised into three groups using colour-marble lots drawn by

tion (selection bias) a technician blinded to patient information

Allocation concealment Unclear risk Method not described in detail

(selection bias)

Blinding of participants High risk Not described

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Not described, but unlikely to be biased as the outcome measures are not like-

sessment (detection bias) ly to be influenced by lack of blinding; the outcomes, which are dichotomous,

All outcomes refer to clinical events and their measurement cannot vary between different
investigators

Incomplete outcome data  Low risk Authors report no missing outcome data

(attrition bias)

All outcomes

Selective reporting (re- High risk No follow-up until live birth in published data, no miscarriages reported in

porting bias) published data. The study was focused on embryological data. No protocol
registered

Other bias Unclear risk Consistent with other projects of the same researchers, but insufficient details

to make a judgement

Kamath 2015

Study characteristics

Methods

Study design: RCT

Setting: university level infertility centre in India

Period: The duration of the study was 3 years (from September 2011 to June 2014)

Participants

Eligible 72 women, 12 declined to participate

Inclusion criteria: all consecutive women who were due for a fresh blastocyst transfer and had super-
numerary embryos available for cryopreservation, patients with previously unsuccessful fresh blasto-
cyst transfers and those who did not undergo fresh transfer due to high risk of OHSS, women who had a
successful outcome previously and were interested in having another child.
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Kamath 2015 (continued)

60 women undergoing vitrified warmed blastocyst transfers, were randomised to SEET (n = 30) or con-
trol (n=30)

Baseline characteristics:
Study group (n =30)

Age (Years) 29.9 (4.0)

Body Mass Index (kg/m2) 24.51 (3.36)

Duration of infertility (years) 7.55 (3.36)

Total dose of gonadotrophins (1U) 1914.17 (900.35)

Estradiol levels on trigger day (pg/ml) 3282.42 (2154.68
Number of MIl oocytes 13.05 (5.34)

Number of fertilised oocytes 10.59 (4.38)

Number of blastocysts transferred 2.1 (0.5)

Number of good quality blastocysts transferred (= 3AA) 1.8 (0.5)

Control group (n =30)

Age (Years) 29.8 (4.3)

Body Mass Index (kg/m2) 24.49 (3.26)

Duration of infertility (years) 8.58 (3.62)

Total dose of gonadotrophins (1U) 1792.50 (764.52)

Estradiol levels on trigger day (pg/ml) 2737.62 (1353.83)
Number of MIl oocytes 13.53 (5.22)

Number of fertilised oocytes 10.28 (3.64)

Number of blastocysts transferred 1.9 (0.6)

Number of good quality blastocysts transferred (= 3AA) 1.7 (0.6)

Type of infertility Primary 14 Secondary 16
Previous ART attempt Yes 13 No 17
ART protocol Antagonist 13 Long protocol 17 Ultralong protocol 0

Type of infertility Primary 19 Secondary 11
Previous ART attempt Yes 9 No 21
ART protocol Antagonist 10 Long protocol 16 Ultralong protocol 4

Interventions

Uterine flushing with supernatant embryo culture medium in vitrified warmed blastocyst transfer cy-
cles compared to direct transfer

In women allocated to the SEET group thawed supernatant embryo culture medium was injected in-
to the uterine cavity transcervically two days prior to the planned blastocyst transfer. In the control
group, direct vitrified warmed blastocyst transfer was performed.

Outcomes

Main outcome measure(s):

Positive (BhCG- biochemical) pregnancy rate per embryo transfer

(primary) Clinical pregnancy rate per embryo transfer (singleton- twins- triplet)
Implantation rate per embryo

Multiple pregnancy rate per clinical pregnancy

Miscarriage rate per clinical pregnancy

Live birth rate per embryo transfer

Notes

Study funding: Research Grant, Christian Medical College, Vellore.
Conflict of interest None to declare.

Authorship role KG and MSK conceived and designed the study.
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Kamath 2015 (continued)

MM and MSK analysed and interpreted the data.

MM, MSK and KG wrote the manuscript.

KB, NNV, AJ, MM, MK and MSK contributed to data collection and/or performed procedures.

All the authors contributed to write the manuscript.

All the authors approved the final version of the manuscript.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Women entering the trial were randomly distributed, using a computer gener-

tion (selection bias) ated randomisation sequence (blocks of 6) into two groups
The randomisation sequence was generated by a statistician from the institu-
tional biostatistics department

Allocation concealment Low risk Allocation concealment was achieved by using consecutively numbered

(selection bias) opaque sealed envelope. Once the women were planned for vitrified thawed
transfer, the envelope was opened

Blinding of participants High risk Authors report the lack of blinding as one of the limitations of the study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information provided to reach a conclusion

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk There were no drop outs in the trial, as reported by authors

(attrition bias)

All outcomes All women who entered the trial were available for analysis with no loss to fol-
low up reported (30 in each group)

Selective reporting (re- Low risk Adverse events reported - expected outcomes analysed- published protocol

porting bias) (CTRI/2013/01/003280)

Other bias Low risk The study was registered - methodological rationale - distribution of tasks
The study was approved by the institutional review board.
The trial was registered with the clinical trial registry of India
(CTRI/2013/01/003280)
The small sample size was based and adequately powered to detect differ-
ences on the clinical pregnancy rate

Prapas 2012
Study characteristics
Methods Study design: RCT
Setting: lakentro IVF centre
Period: patients enrolled from June 2009 through November 2010
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Prapas 2012 (Continued)

Atotal of 400 cycles, of which 200 IVF/ICSI and 200 oocyte donor (OD), were randomly assigned to have
their uterine cavity injected (group 1) or not (group I1)

Participants Group | (injection of the uterine cavity with embryo culture supernatant)
Group | consisted of two subgroups, IA (ET on day 3) and IB (ET on day 5)

Group Il (no injection)
Group Il consisted of II1A (ET on day 3) and IIB (ET on day 5)

After the exclusion of OD cycles (based on data from direct communication), the remaining IVF/ICSI 190
cases (200 cases allocated, 10 excluded because of difficult ET) were allocated into the intervention
and control groups as follows;

flushing group (study group) 93 cases - non-flushing group (control) 97 cases
Inclusion criteria:

All women had a history of at least one previous unsuccessful IVF/ET.
age < 38 years for the IVF women and < 50 years for the oocyte receivers, without known endometriosis,
hydrosalpinx or uterine anomalies, including small submucosal myomas or polyps.

Baseline characteristics of the participants:
flushing group i (n = 188)
BMI 24.3+4.9

Age (mean +SD) 37.245.2
Number of oocytes (mean +SD) 13.4+5.0

Endometrial thickness (mean +SD) 10.9+2.1
Mean embryo transferred (mean +SD) 2.20+0.70
Embryo quality (mean +SD) 1.84+0.94
Fertilisation rate

non-flushing group ii (n = 196)

BMI 24.4+4.7

Age (mean +SD) 35.845.8
Number of oocytes (mean +SD) 13.3+4.8

Endometrial thickness (mean +SD) 10.8+2.6
Mean embryo transferred (mean £SD) 2.24+0.69
Embryo quality (mean £SD) 1.82+0.93

Fertilisation rate

Interventions Injection of embryo culture supernatant into the uterine cavity, 30 min before the embryo transfer on
either day 3 or 5, in IVF/ICSI versus simple air insertion (as a placebo intervention used in the control
group)

Outcomes Main outcome measure(s):

Clinical pregnancy rate per transfer
Implantation rate

Miscarriage rate
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Prapas 2012 (Continued)

Ectopic pregnancy rate

A pregnancy test was performed 15 days after the ET, and, if positive, an ultrasound scan was sched-
uled after two weeks to determine the number and status of implanted embryos. The concurrency of a
positive beta- HCG test and a foetal heartbeat (seen by ultrasound) was defined as a clinical pregnancy.

Notes The study was approved by the Institutional Review Board.
Four hundred women were allocated into group | or Il when they were called to be informed about the
day of their embryo transfer. All cases had a mock transfer in a cycle previous to IVF and if difficulty was
encountered a cervical dilatation was performed. All cases included in the statistical analysis had at
least one good quality embryo.
Separate details on LBR were obtained after communication with the authors for the 200 non-donor cy-
cles. These cycles were eligible

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Allocation sequence generated from a computerised random number table

tion (selection bias)

Allocation concealment Low risk Computerized allocation performed by a third party (midwife not further in-

(selection bias) volved in the procedures) before initiation of the intervention (day of hcgin-

jection)

Blinding of participants Low risk Data from personal communication with author:"The doctor who performed

and personnel (perfor- the ET was blinded about the necessity of injection or not until the moment of

mance bias) ET. In all cases, there were two insertions, the first was embryo culture or sim-

All outcomes ple air (flushing/non-flushing group) and the second was ET"

Blinding of outcome as- Low risk According to information from personal communication with author, the clini-

sessment (detection bias) cian who performed the outcome assessment was blinded

All outcomes

Incomplete outcome data  Low risk Authors report no drop- outs / losses to follow-up

(attrition bias)

All outcomes In addition, due to difficult transfer 12 cases from group I and 4 cases from

group Il were not included in the statistical analysis

Selective reporting (re- Unclear risk Adverse events and clinical outcomes were provided by authors after commu-

porting bias) nication- no registered protocol

Other bias Low risk There is insufficient rationale or evidence that any problem would introduce

bias

Tehraninejad 2012

Study characteristics

Methods

Study design: RCT
Setting: Valiasr department of Imam Hospital complex

Period: Patients enrolled from January 2010 to March 2011

Participants

94 couples eligible,

4 cases withdrew before randomisation,
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Tehraninejad 2012 (continued)

4 cases randomly divided into only BT or SEHB groups.
All cases in each group had high-grade blastocysts

Inclusion criteria: Infertility period of less than 10 years, more than four embryos available on day 2 in
the oocyte retrieval cycle, and no previous history of ART cycles

Exclusion criteria: age over 38 years for women, hydrosalpinx
BT or stimulation (SEHB) groups 45

Baseline characteristics:
SEHB group (45)

Mean age of patients (years) 30.7 £ 5.9

Mean duration of infertility (years) 7.9+ 5.2

Mean BMI (kg/m2) 26.1+ 3.6

FSH level (mIU/mL) 6.2 +2.4

Mean number of oocytes fertilised 9.4 + 4.2

Mean number of blastocysts transferred 1.9 + 0.3
Mean endometrial thickness 9.9 + 0.9

BT group (45)

Mean age of patients (years) 31.7 +5.1

Mean duration of infertility (years) 8.1 4.1

Mean BMI (kg/m2) 25.5+2.5

FSH level (mIU/mL) 7.2 £2.2

Mean number of oocytes fertilised 9.1 £ 3.5

Mean number of blastocysts transferred 1.9 £ 0.1
Mean endometrial thickness 9.3 +1.9

Interventions

Stimulation of endometrium with high-grade blastocyst culture supernatant perfusion before blasto-
cyst transfer

Outcomes Implantation rates, pregnancy rates, abortion, preterm and term delivery rates were compared be-
tween the two groups.
Number of chemical pregnancies (%)
Number of clinical pregnancies
Implantation rate per embryo (%)
Number of term deliveries
Number of preterm deliveries
Number of abortions
A detectable gestational sac was considered as a characteristic of clinical pregnancy, and we calculat-
ed the implantation rate by dividing the number of gestational sacs by the number of embryos trans-
ferred to the uterine cavity. Abortion, preterm or term delivery, and multiple gestations were consid-
ered as pregnancy outcomes in both groups.

Notes Two physicians categorized blastocysts as good or poor grade blastocysts, according to the criteria of
Gardner et al.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Simple random allocation - computer generated

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review)
Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

36



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Tehraninejad 2012 (continued)

Allocation concealment Low risk The computer generated random allocation to group | or group Il was per-
(selection bias) formed by a blinded technician, thus a third party was no further involved in
the procedure

Blinding of participants Low risk Authors report that specialists who saw patients and did operations in each
and personnel (perfor- group were blinded to patient groups
mance bias)

All outcomes

Blinding of outcome as- Unclear risk Incomplete - there are concerns about altering results
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Authors report that 90 patients (45 in SEHB and 45 in BT only group) were fol-
(attrition bias) lowed up until pregnancy outcome was recorded
All outcomes

Selective reporting (re- Unclear risk Both primary and secondary outcomes including adverse events analysed ade-

porting bias) quately - no registered protocol

Other bias Low risk Complete information of the contributors, support and conflict of interest was
provided

All patients were asked to fill in an informed consent form before procedure al-
though the study had been approved by ethics committee of Tehran University
of Medical Sciences (ID number: IRCT138902232576N2)

Zhu 2010

Study characteristics

Methods Study design: RCT
Setting: A reproductive medical centre.
Period: The subjects were recruited and studied for a period of 6 months from January to June 2008.

Participants Patients:
90 women enrolled out of 96 eligible ones, aged 23-39 years, with a period of infertility of 3-8 years,
due to the following infertility factors: tubal (n 14 54), unexplained (n 14 3), male (n 14 22), endometrio-
sis (n 14 9), other (n 14 2).
Inclusion criterion; women undergoing IVF or ICSI treatment for the first time.
Exclusion criteria: women who had prior IVF or ICSI treatment and those who underwent a natural cy-
cle IVF and had no appropriate embryo for ET.
study group (45)
control group (45)
Baseline characteristics:
Study group (45)
Age (y)31.9+3.9
Duration of infertility (y) 5.3+ 2.3
Serum hormone
LH (IU/L) 5.5+ 3.6
FSH (IU/L) 5.2 +2.4
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Zhu 2010 (Continued)

PRL(mg/L) 10.7 + 4.6
E (pmol/L) 293 +49
T (nmol/L) 1.7+ 0.4

Infertility factors, {n (%)} Tubal 29 (64.4) Unexplained 1 (2.2) Male 10 (22.2) Endometriosis 4 (8.9) Others

1(2.2)

Infertility, {n (%)} Primary 26 (57.8) Secondary 19 (42.2)
Number of dominant follicles 11.2 +5.4

Number of retrieved oocytes 7.9 + 3.3

Oocyte retrieval rate 70.5 %

Number of maturation oocytes 6.9 + 2.4

Oocyte maturation rate 87.3 %

Number of fertilized oocytes 6.2 +1.6

IVF6.2+1.9

ICSI6.3+1.4

Fertilization rate 78.5 %

IVF 76.9 %

ICS180.7 %

Number of cleavage 5.7 + 1.5

Cleavage rate 72.2 %

Endometrium thickness 9.8 + 1.3 on HCG day (mm)
Number of grade 1-2 embryo 2.8 + 0.9

Rate of grade 1-2 embryo (%) 49.1

Number of transfer embryo 2.2+ 0.4

Control group (45)

Age (y)32.7+4.4

Duration of infertility (y) 4.9+ 1.7
Serum hormone

LH (IU/L) 5.8 +2.9

FSH (IU/L) 4.8 +2.1

PRL(mg/L) 11.4+5.6

E (pmol/L) 301 + 43

T (nmol/L) 2.0+ 0.7

Infertility factors, {n (%)} Tubal 25 (55.6) Unexplained 2 (4.4) Male 12 (26.7) Endometriosis 5 (11.1) Oth-

ers1(2.2)
Infertility, {n (%)} Primary 31 (68.9) Secondary 14 (31.1)

Number of dominant follicles 10.8+4.6
Number of retrieved oocytes 7.7 £ 2.9
Oocyte retrieval rate 71.3 %

Number of maturation oocytes 6.7 + 1.8
Oocyte maturation rate 87.0 %

Number of fertilized oocytes 5.8 +1.8
IVF6.0x1.6

ICSI5.6+1.9

Fertilization rate 75.3 %

IVF77.3 %

ICSI73.7 %

Number of cleavage 5.5+ 1.4

Cleavage rate 71.5%

Endometrium thickness 10.1 + 1.5 on HCG day (mm)
Number of grade 1-2 embryo 2.6 + 0.7
Rate of grade 1-2 embryo (%) 47.3
Number of transfer embryo 2.3+ 0.3

Interventions

Uterine cavity injection of day 2 embryo culture supernatant before day 3 embryo transfer

Outcomes

Main outcome measure(s):
Embryo implantation rate
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Zhu 2010 (continued)

Pregnancy rate (Clinical pregnancy / singleton- twins)

Abortion rate

Notes All of the aforementioned clinical and laboratory procedures were identical between the study group
and the control group.
In order to avoid a selection bias, we excluded the women who had prior IVF or ICSI treatment and
those who underwent a natural cycle IVF. We selected only those who were experiencing IVF or ICSI
treatment for the first time, for whom there was a steady pregnancy rate of 45%-50% in our reproduc-
tive centre. All of the baseline characteristics between the study group and the control group were al-
so not statistically significant differences, and the results of both groups in oocyte maturation, fertiliza-
tion,embryo cleavage, and grade were identical.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Authors report that both selection and enrolment for each subject was decid-
tion (selection bias) ed collectively by three physicians
First, 90 random numbers generated by means of computer were randomly di-
vided into the study group and the control group
All subjects enrolled chronologically were arranged according to the sequence
of random numbers. As a result, the 90 subjects were randomly divided into
the study group and the control group
Allocation concealment Low risk The random allocation sequence was concealed in a closed and dark-coloured
(selection bias) envelope until the day of oocyte pick-up
Randomization occurred after patients agreed to participate in the study
Blinding of participants High risk The study was not blinded, as reported by authors
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk The IVF or ICSI procedures were performed by the same physicians and labora-
sessment (detection bias) tory technicians
All outcomes
The treating sequence of the subjects was the same as the enrolment se-
quence
Incomplete outcome data  Low risk Authors report that there were no patients lost to follow-up and no patients re-
(attrition bias) fused to be treated
All outcomes
96 eligible subjects, 4 opted not to participate when counselled about the un-
certainty of effectiveness, and 2 declined to randomise
Finally, 90 eligible patients were enrolled
Selective reporting (re- Unclear risk Adverse events (abortion) reported- clinical outcomes reported- - no regis-
porting bias) tered protocol
Other bias Low risk There were no points to doubt the quality of the study
The study was approved by the Institutional Review Board of Shen-Zhen Ma-
ternity and Child Healthcare Hospital. All subjects signed an informed consent
form
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Reason for exclusion

Abraham 2018

Comparison of a single-step medium or sequential culture media

Akbari 2017

Non-RCT, in vitro study

Alhilali 2019

Non-RCT, cohort study of IL-5 as a predictor of ICSI outcome

Berkkanoglu 2006

Comparison: Flushing vs. No Flushing with culture media (Cervical canal irrigation in both groups)

Cuman 2013

Non-RCT, in vitro study

de los Santos 2015

Non-RCT, in vitro study

Eftekhar 2018

Use of platelet rich plasma and HRT vs. HRT only

Fawzy 2018

Comparison of temperatures (36.5 C versus 37 C) for human embryo culture

Giacomini 2017

Non-RCT, in vitro study

Goto 2007 Quasi-randomized study

Goto 2018 Non-RCT

Hafezi 2018 Intrauterine human chorionic gonadotropin flushing

Hambiliki 2011 Comparison of 2 different media systems on embryo morphology and development
Hamdi 2018 Flushing the endometrial cavity with follicular fluid

Hashish 2014

Flushing the endometrial cavity with follicular fluid

Herbemont 2018 Post-warming culture duration comparison
Inoue 2014 Retrospective study, co-administration of prednisolone
IRCT20160815029374N5 Intrauterine infusion of autologous platelet-rich plasma on day 11 of freeze embryo transfer cycle

Kapiteijn 2006

Non-RCT, in vitro study

Kapiteijn 2008

Non-RCT

Khan 1991

Use of human albumin as a replacement for serum

Kulmann 2018

Culture of cumulus-oocyte complexes (COCs) after oocyte pick-up (OPU) in media supplemented
with amino acids

Labied 2019

Paraffin and mineral oil covering on early human embryo culture

Le Saint 2019

Autologous endometrial cell co-culture vs. conventional embryo culture

Letterie 2003

Non-RCT

Lopez 2019

Endometrial use of autologous platelet-derived microparticles
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Madkour 2018 Addition of autologous follicular fluid / IVM results

Mayer 2015 Intracervical and intravaginal application of seminal plasma on the endometrium
Melnick 2015 Retrospective cohort study

Nazari 2019 Autologous platelet -rich plasma therapy

NCT04077970 Intrauterine Flushing With Follicular Fluid Plus Granulosa Cells

Obidniak 2017

Autologous platelet -rich plasma therapy

Ozcan 2019 Use of microfluidic sperm sorting for the sperm selection
Reilly 2019 Use of Lipiodol prior to fresh embryo transfer
Sigalos 2018 Use of two different volumes (20-25 vs 40-45 mul) of media used for embryo transfer

Tabiasco 2009

Non-RCT

Valojerdi 2006

use of Embryo Glue

von Wolff 2009

Intracervical and intravaginal application of seminal plasma on the endometrium

Zadehmodarres 2017

Endometrial administration of autologous platelet-rich plasma, Non-RCT

DATA AND ANALYSES

Comparison 1. Embryo culture supernatant vs no intervention

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
1.1 live birth/ongoing 340 0dds Ratio (M-H, Fixed, 95% Cl) 1.11[0.73,1.70]
pregnancy
1.1.1Age=<37 150 Odds Ratio (M-H, Fixed, 95% Cl) 1.36[0.73, 2.54]
1.1.2 Age>37 190 Odds Ratio (M-H, Fixed, 95% Cl) 0.94[0.53, 1.68]
1.2 miscarriage 430 0Odds Ratio (M-H, Fixed, 95% Cl) 0.89[0.44, 1.78]
1.2.1Age<37 240 0dds Ratio (M-H, Fixed, 95% CI) 0.86 [0.40, 1.85]
1.2.2 Age>37 190 Odds Ratio (M-H, Fixed, 95% Cl) 1.04[0.21, 5.31]
1.3 clinical pregnancy 526 0dds Ratio (M-H, Fixed, 95% Cl) 1.13[0.80, 1.61]
1.3.1Age=<37 336 Odds Ratio (M-H, Fixed, 95% Cl) 1.26 [0.81, 1.96]
1.3.2Age>37 190 0dds Ratio (M-H, Fixed, 95% CI) 0.95 [0.54, 1.68]
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1.4 ectopic pregnancy 2 250 0dds Ratio (M-H, Fixed, 95% Cl) 0.32[0.01, 8.24]

1.5 multiple pregnancy 2 150 Odds Ratio (M-H, Fixed, 95% Cl) 0.70[0.26, 1.83]

1.6 preterm delivery 1 90 Odds Ratio (M-H, Fixed, 95% Cl) 0.63[0.17,2.42]

1.7 foetal abnormalities 1 60 0Odds Ratio (M-H, Fixed, 95% Cl) 3.10[0.12,79.23]

Analysis 1.1. Comparison 1: Embryo culture supernatant vs
no intervention, Outcome 1: live birth/ongoing pregnancy

Supernatant fluid No intervention Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1Age <37

Kamath 2015 (1) 7 30 15 30  28.3% 0.30[0.10, 0.92] J———
Tehraninejad 2012 (2) 30 45 16 45 13.1% 3.63[1.52, 8.65] — .
Subtotal (95% CI) 75 75 41.5% 1.36 [0.73, 2.54] ’
Total events: 37 31

Heterogeneity: Chi2 = 11.89, df = 1 (P = 0.0006); I = 92%

Test for overall effect: Z =0.95 (P = 0.34)

1.1.2 Age > 37

Prapas 2012 (2) 38 93 41 97 58.5% 0.94[0.53, 1.68]

Subtotal (95% CI) 93 97 58.5% 0.94 [0.53, 1.68] z

Total events: 38 41

Heterogeneity: Not applicable

Test for overall effect: Z =0.20 (P = 0.84)

Total (95% CI) 168 172 100.0% 1.11 [0.73, 1.70]

Total events: 75 72 ? .

Heterogeneity: Chi2 = 12.65, df = 2 (P = 0.002); I = 84%
Test for overall effect: Z = 0.50 (P = 0.61)
Test for subgroup differences: Chi2 = 0.70, df = 1 (P = 0.40), I2 = 0%

Footnotes
(1) Live birth only reported
(2) Composite outcome live birth/ongoing pregnancy reported

Favours no intervention

0 100
Favours supernatant fluid

001 0.1 1
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Analysis 1.2. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 2: miscarriage

supernatant fluid Standard Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1Age <37
Kamath 2015 6 30 1 30 4.8% 7.25[0.82, 64.46] 4 L
Tehraninejad 2012 6 45 14 45 72.5% 0.34[0.12, 0.99] _._
Zhu 2010 2 45 1 45 5.7% 2.05[0.18, 23.41] - .
Subtotal (95% CI) 120 120 83.0% 0.86 [0.40, 1.85] ‘
Total events: 14 16

Heterogeneity: Chi? = 7.03, df = 2 (P = 0.03); I = 72%
Test for overall effect: Z = 0.39 (P = 0.69)

1.2.2 Age > 37

Prapas 2012 3 93 3 97  17.0% 1.04[0.21, 5.31] R N
Subtotal (95% CI) 93 97 17.0% 1.04 [0.21, 5.31] ‘
Total events: 3 3

Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)

Total (95% CI) 213 217 100.0% 0.89[0.44, 1.78]

Total events: 17 19 ?

Heterogeneity: Chi2 = 7.14, df = 3 (P = 0.07); I2 = 58% ol oh T o 100

Test for overall effect: Z = 0.33 (P = 0.74) Favours supernatant fluid Favours no intervention

Test for subgroup differences: Chi2 = 0.05, df =1 (P = 0.83), I2 = 0%

Analysis 1.3. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 3: clinical pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1Age <37
Goto 2009 29 48 26 48 17.4% 1.29[0.57, 2.90] J
Kamath 2015 14 30 16 30 14.4% 0.77[0.28 , 2.11] PR
Tehraninejad 2012 36 45 30 45  10.1% 2.00[0.77,5.21] J
Zhu 2010 22 45 20 45 17.3% 1.20 [0.52, 2.74] —l—
Subtotal (95% CI) 168 168  59.3% 1.26 [0.81, 1.96] ’
Total events: 101 92

Heterogeneity: Chi? = 1.84, df = 3 (P = 0.61); I> = 0%
Test for overall effect: Z =1.01 (P = 0.31)

1.3.2 Age > 37

Prapas 2012 41 93 44 97  40.7% 0.95[0.54, 1.68]

Subtotal (95% CI) 93 97  40.7% 0.95 [0.54 , 1.68] z
Total events: 41 44

Heterogeneity: Not applicable
Test for overall effect: Z = 0.18 (P = 0.86)

Total (95% CI) 261 265 100.0% 1.13[0.80, 1.61]

Total events: 142 136 r

Heterogeneity: Chi2 = 2.41, df = 4 (P = 0.66); I* = 0% bl o1 T T 100

Test for overall effect: Z = 0.69 (P = 0.49) Favours no intervention Favours supernatant fluid

Test for subgroup differences: Chi? = 0.58, df = 1 (P = 0.45), 12 = 0%
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Analysis 1.4. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 4: ectopic pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kamath 2015 0 30 1 30 100.0% 0.32[0.01, 8.24] .
Prapas 2012 0 93 0 97 Not estimable
Total (95% CI) 123 127 100.0% 0.32[0.01, 8.24]
Total events: 0 1

Heterogeneity: Not applicable
Test for overall effect: Z = 0.68 (P = 0.49)
Test for subgroup differences: Not applicable

10 100
Favours no intervention

001 01 1

Favours supernatant fluid

Analysis 1.5. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 5: multiple pregnancy

supernatant fluid no intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kamath 2015 (1) 3 30 30 73.0% 0.31[0.07, 1.29]
Zhu 2010 (2) 5 45 45 27.0% 1.75[0.39, 7.81]
Total (95% CI) 75 75 100.0% 0.70 [0.26 , 1.83]
Total events: 8 11

Heterogeneity: Chi2 =2.71, df = 1 (P = 0.10); I> = 63%
Test for overall effect: Z = 0.73 (P = 0.46)
Test for subgroup differences: Not applicable

Footnotes
(1) Single embryo transfer
(2) More than one embryo transferred per woman

10 100
Favours no intervention

001 0.1
Favours supernatant fluid

Analysis 1.6. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 6: preterm delivery

supernatant fluid no intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events  Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Tehraninejad 2012 4 45 6 45 100.0% 0.63[0.17, 2.42]
Total (95% CI) 45 45 100.0% 0.63[0.17, 2.42]
Total events: 4 6

Heterogeneity: Not applicable
Test for overall effect: Z = 0.67 (P = 0.50)
Test for subgroup differences: Not applicable

10 100
Favours no intervention

001 0.1
Favours supernatant fluid
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Analysis 1.7. Comparison 1: Embryo culture supernatant vs no intervention, Outcome 7: foetal abnormalities

supernatant fluid no intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kamath 2015 1 30 0 30 100.0% 3.10[0.12, 79.23] .
Total (95% CI) 30 30 100.0% 3.10 [0.12, 79.23]
Total events: 1 0
Heterogeneity: Not applicable 0.01 01 1 10 100
Test for overall effect: Z = 0.68 (P = 0.49) Favours supernatant fluid Favours no intervention

Test for subgroup differences: Not applicable

Comparison 2. Embryo culture supernatant vs. stimulation of endometrium

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2.1 Clinical pregnancy 1 96 0Odds Ratio (M-H, Fixed, 95% Cl) 1.09[0.48, 2.46]

Analysis 2.1. Comparison 2: Embryo culture supernatant vs.
stimulation of endometrium, Outcome 1: Clinical preghancy

Culture Supernatant Culture media Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Goto 2009 29 48 28 48 100.0% 1.09 [0.48, 2.46]
Total (95% CI) 48 48 100.0% 1.09 [0.48 , 2.46]
Total events: 29 28
Heterogeneity: Not applicable 0.01 0.1 1 10 100
Test for overall effect: Z = 0.21 (P = 0.84) Favours supernatant Favours culture media

Test for subgroup differences: Not applicable

Comparison 3. Subgroup analysis, type of cycle

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size

title pants

3.1 live birth/ongoing 3 340 0Odds Ratio (M-H, Fixed, 95% Cl) 1.11[0.73,1.70]

pregnancy

3.1.1fresh cycle 2 280 0Odds Ratio (M-H, Fixed, 95% Cl) 1.44[0.90, 2.30]

3.1.2 frozen cycle 1 60 0Odds Ratio (M-H, Fixed, 95% Cl) 0.30[0.10, 0.92]

3.2 Miscarriage 4 430 0dds Ratio (M-H, Fixed, 95% Cl) 0.89[0.44,1.78]

3.2.1fresh cycle 3 370 0Odds Ratio (M-H, Fixed, 95% Cl) 0.57[0.25, 1.27]

3.2.2 frozen cycle 1 60 0Odds Ratio (M-H, Fixed, 95% Cl) 7.25[0.82, 64.46]

3.3 clinical pregnancy 5 526 0Odds Ratio (M-H, Fixed, 95% CI) 1.13[0.80, 1.61]
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Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
3.3.1fresh cycle 3 370 0Odds Ratio (M-H, Fixed, 95% Cl) 1.17[0.77,1.78]

3.3.2 frozen cycle 2 156 0Odds Ratio (M-H, Fixed, 95% Cl) 1.05[0.56, 1.98]

3.4 multiple pregnancy 2 150 0dds Ratio (M-H, Fixed, 95% Cl) 0.70[0.26, 1.83]
3.4.1fresh cycle 1 90 0Odds Ratio (M-H, Fixed, 95% Cl) 1.75[0.39, 7.81]

3.4.2 frozen cycle 1 60 0Odds Ratio (M-H, Fixed, 95% Cl) 0.31[0.07, 1.29]

Analysis 3.1. Comparison 3: Subgroup analysis, type of cycle, Outcome 1: live birth/ongoing pregnancy

Supernatant fluid

Study or Subgroup

Events

Total

No intervention

Events

Total  Weight

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

3.1.1 fresh cycle
Prapas 2012
Tehraninejad 2012
Subtotal (95% CI)
Total events:

38 93
30 45

138
68

41
16

57

Heterogeneity: Chi2 = 6.38, df =1 (P = 0.01); I2 = 84%
Test for overall effect: Z = 1.51 (P =0.13)

3.1.2 frozen cycle

Kamath 2015

Subtotal (95% CI)

Total events:

Heterogeneity: Not applicable

30

Test for overall effect: Z = 2.10 (P = 0.04)

Total (95% CI)
Total events:

168
75

15

15

72

Heterogeneity: Chi2 = 12.65, df = 2 (P = 0.002); 12 = 84%
Test for overall effect: Z =0.50 (P = 0.61)
Test for subgroup differences: Chi2 = 6.38, df =1 (P = 0.01), I> = 84.3%

97 58.5%
45 13.1%
142 71.7%

30  28.3%
30 28.3%

172 100.0%

0.94[0.53, 1.68]
3.63[1.52, 8.65]
1.44[0.90, 2.30]

0.30[0.10, 0.92]
0.30 [0.10, 0.92]

1.11[0.73, 1.70]

-

001 01

Favours embryo supernat

1 10 100

Favours no intervention
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Analysis 3.2. Comparison 3: Subgroup analysis, type of cycle, Outcome 2: Miscarriage

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.2.1 fresh cycle
Prapas 2012 3 93 3 97  17.0% 1.04[0.21,5.31] R ME—
Tehraninejad 2012 6 45 14 45  72.5% 0.34[0.12, 0.99] ——
Zhu 2010 2 45 1 45 5.7% 2.05[0.18, 23.41] R S —
Subtotal (95% CI) 183 187  95.2% 0.57 [0.25 , 1.27] ‘
Total events: 11 18

Heterogeneity: Chi2 = 2.48, df = 2 (P = 0.29); I = 20%
Test for overall effect: Z = 1.38 (P = 0.17)

3.2.2 frozen cycle

Kamath 2015 6 30 1 30 4.8% 7.25[0.82, 64.46] B —
Subtotal (95% CI) 30 30 4.8% 7.25[0.82, 64.46] .‘
Total events: 6 1
Heterogeneity: Not applicable

Test for overall effect: Z = 1.78 (P = 0.08)

Total (95% CI) 213 217 100.0% 0.89 [0.44, 1.78]

Total events: 17 19 ?

Heterogeneity: Chi2 = 7.14, df = 3 (P = 0.07); I = 58% ol o1 T 10

Test for overall effect: Z = 0.33 (P = 0.74) Favours embryo supernat Favours no intervention

Test for subgroup differences: Chi? = 4.59, df = 1 (P = 0.03), I = 78.2%

Analysis 3.3. Comparison 3: Subgroup analysis, type of cycle, Outcome 3: clinical pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.3.1 fresh cycle
Prapas 2012 41 93 44 97 40.7% 0.95[0.54, 1.68] -
Tehraninejad 2012 36 45 30 45 10.1% 2.00[0.77,5.21] 4 -
Zhu 2010 22 45 20 45 17.3% 1.20[0.52, 2.74] I
Subtotal (95% CI) 183 187 68.2% 1.17 [0.77, 1.78] ’
Total events: 99 94

Heterogeneity: Chi2 = 1.72, df =2 (P = 0.42); 2= 0%
Test for overall effect: Z =0.73 (P = 0.47)

3.3.2 frozen cycle

Goto 2009 29 48 26 48  17.4% 1.29[0.57, 2.90] J
Kamath 2015 14 30 16 30 14.4% 0.77[0.28, 2.11] PR
Subtotal (95% CI) 78 78 31.8% 1.05 [0.56 , 1.98] ‘
Total events: 43 42

Heterogeneity: Chi2 = 0.62, df =1 (P = 0.43); 2= 0%
Test for overall effect: Z = 0.16 (P = 0.87)

Total (95% CI) 261 265 100.0% 1.13[0.80, 1.61]

Total events: 142 136 r

Heterogeneity: Chi2 = 2.41, df = 4 (P = 0.66); I* = 0% 0ol on T 10

Test for overall effect: Z = 0.69 (P = 0.49) Favours embryo supernat Favours no intervention

Test for subgroup differences: Chi2 = 0.07, df =1 (P = 0.79), I = 0%

Endometrial injection of embryo culture supernatant for subfertile women in assisted reproduction (Review) a7
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Analysis 3.4. Comparison 3: Subgroup analysis, type of cycle, Outcome 4: multiple pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.4.1 fresh cycle

Zhu 2010 5 45 3 45  27.0% 1.75[0.39, 7.81] R

Subtotal (95% CI) 45 45 27.0% 1.75[0.39, 7.81] ’

Total events: 5 3

Heterogeneity: Not applicable

Test for overall effect: Z = 0.73 (P = 0.46)

3.4.2 frozen cycle

Kamath 2015 3 30 8 30 73.0% 0.31[0.07, 1.29] —

Subtotal (95% CI) 30 30 73.0% 0.31[0.07, 1.29] ’>

Total events: 3 8

Heterogeneity: Not applicable

Test for overall effect: Z = 1.61 (P =0.11)

Total (95% CI) 75 75 100.0% 0.70 [0.26 , 1.83]

Total events: 8 11

Heterogeneity: Chi2 = 2.71, df = 1 (P = 0.10); I> = 63% 0.01 0.1 1 10 100

Test for overall effect: Z = 0.73 (P = 0.46) Favours embryo supernat Favours no intervention

Test for subgroup differences: Chi? = 2.71, df = 1 (P = 0.10), I = 63.1%

Comparison 4. Subgroup analysis, age

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
4.1 Live birth/ongoing 3 340 0dds Ratio (M-H, Fixed, 95% Cl) 1.11[0.73,1.70]
pregnancy
4.1.1Age=<37 2 150 Odds Ratio (M-H, Fixed, 95% Cl) 1.36[0.73, 2.54]
4.1.2 Age>37 1 190 Odds Ratio (M-H, Fixed, 95% Cl) 0.94[0.53, 1.68]
4.2 Miscarriage 4 430 0Odds Ratio (M-H, Fixed, 95% Cl) 0.89[0.44,1.78]
4.2.1Age=<37 3 240 0Odds Ratio (M-H, Fixed, 95% Cl) 0.86 [0.40, 1.85]
4.2.2 Age>37 1 190 Odds Ratio (M-H, Fixed, 95% Cl) 1.04[0.21,5.31]
4.3 Clinical Pregnancy 5 526 0dds Ratio (M-H, Fixed, 95% Cl) 1.13[0.80, 1.61]
4.3.1Age=<37 4 336 Odds Ratio (M-H, Fixed, 95% Cl) 1.26[0.81, 1.96]
4.3.2 Age>37 1 190 Odds Ratio (M-H, Fixed, 95% Cl) 0.95[0.54, 1.68]
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Analysis 4.1. Comparison 4: Subgroup analysis, age, Outcome 1: Live birth/ongoing pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.1.1 Age <37
Kamath 2015 7 30 15 30 28.3% 0.30[0.10, 0.92] J——
Tehraninejad 2012 30 45 16 45  13.1% 3.63[1.52, 8.65] — -
Subtotal (95% CI) 75 75 41.5% 1.36 [0.73 , 2.54] ’
Total events: 37 31
Heterogeneity: Chi2 = 11.89, df = 1 (P = 0.0006); I2 = 92%
Test for overall effect: Z = 0.95 (P = 0.34)
4.1.2 Age > 37
Prapas 2012 38 93 41 97  58.5% 0.94[0.53, 1.68]
Subtotal (95% CI) 93 97 58.5% 0.94 [0.53 , 1.68] z
Total events: 38 41
Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)
Total (95% CI) 168 172 100.0% 1.11 [0.73, 1.70]
Total events: 75 72 ? .

Heterogeneity: Chi2 = 12.65, df = 2 (P = 0.002); 12 = 84%
Test for overall effect: Z = 0.50 (P = 0.61)
Test for subgroup differences: Chi? = 0.70, df = 1 (P = 0.40), I> = 0%

10 100
Favours supernatant fluid

001 01 1

Favours no intervention

Analysis 4.2. Comparison 4: Subgroup analysis, age, Outcome 2: Miscarriage

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.2.1 Age < 37
Kamath 2015 6 30 1 30 4.8% 7.25[0.82, 64.46] 4 L
Tehraninejad 2012 6 45 14 45 72.5% 0.34[0.12, 0.99] ——
Zhu 2010 2 45 1 45 5.7% 2.05[0.18, 23.41] P
Subtotal (95% CI) 120 120 83.0% 0.86 [0.40, 1.85] ‘
Total events: 14 16
Heterogeneity: Chi2 = 7.03, df = 2 (P = 0.03); 2= 72%
Test for overall effect: Z = 0.39 (P = 0.69)
4.2.2 Age > 37
Prapas 2012 3 93 3 97  17.0% 1.04[0.21,5.31] PR
Subtotal (95% CI) 93 97 17.0% 1.04 [0.21,5.31] ‘
Total events: 3 3
Heterogeneity: Not applicable
Test for overall effect: Z = 0.05 (P = 0.96)
Total (95% CI) 213 217 100.0% 0.89 [0.44, 1.78]
Total events: 17 19 ? .

Heterogeneity: Chi2 = 7.14, df = 3 (P = 0.07); 2= 58%
Test for overall effect: Z = 0.33 (P = 0.74)
Test for subgroup differences: Chi2 = 0.05, df = 1 (P = 0.83), I2 = 0%

10 100
Favours no intervention

001 01 1

Favours supernatant fluid
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Analysis 4.3. Comparison 4: Subgroup analysis, age, Outcome 3: Clinical Pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total  Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
4.3.1 Age < 37
Goto 2009 29 48 26 48  17.4% 1.29[0.57, 2.90] I -
Kamath 2015 14 30 16 30  14.4% 0.77[0.28 , 2.11] R
Tehraninejad 2012 36 45 30 45  10.1% 2.00[0.77,5.21] i S
Zhu 2010 22 45 20 45 17.3% 1.20[0.52, 2.74] R —
Subtotal (95% CI) 168 168  59.3% 1.26 [0.81, 1.96] ‘
Total events: 101 92
Heterogeneity: Chi2 = 1.84, df =3 (P = 0.61); I2 = 0%
Test for overall effect: Z = 1.01 (P = 0.31)
4.3.2 Age > 37
Prapas 2012 41 93 44 97 40.7% 0.95[0.54, 1.68]
Subtotal (95% CI) 93 97  40.7% 0.95[0.54 , 1.68] z
Total events: 41 44
Heterogeneity: Not applicable
Test for overall effect: Z =0.18 (P = 0.86)
Total (95% CI) 261 265 100.0% 1.13[0.80, 1.61]
Total events: 142 136 r

Heterogeneity: Chi2 = 2.41, df = 4 (P = 0.66); I = 0%

Test for overall effect: Z = 0.69 (P = 0.49)
Test for subgroup differences: Chi2 = 0.58, df = 1 (P = 0.45), I = 0%

Comparison 5. Subgroup analysis, timing

001 01

Favours supernatant fluid

1 10 100
Favours no intervention

Outcome or subgroup  No. of studies No. of partici- Statistical method Effect size
title pants

5.1 Live birth/ongoing 3 340 0dds Ratio (M-H, Fixed, 95% Cl) 1.11[0.73,1.70]
pregnancy

5.1.11to 24 hours 2 280 Odds Ratio (M-H, Fixed, 95% Cl) 1.44[0.90, 2.30]
5.1.2>1day 1 60 0dds Ratio (M-H, Fixed, 95% CI) 0.30[0.10, 0.92]
5.2 Miscarriage 4 430 0dds Ratio (M-H, Fixed, 95% Cl) 0.89[0.44,1.78]
5.2.1=1day 2 150 Odds Ratio (M-H, Fixed, 95% Cl) 4.420.91, 21.46]
5.2.2 1to 24 hours 2 280 Odds Ratio (M-H, Fixed, 95% Cl) 0.47[0.20, 1.14]
5.3 Clinical Pregnancy 5 526 0Odds Ratio (M-H, Fixed, 95% Cl) 1.13[0.80, 1.61]
5.3.1=1day 2 150 0dds Ratio (M-H, Fixed, 95% CI) 1.00[0.53, 1.90]
5.3.21to 24 hours 3 376 0dds Ratio (M-H, Fixed, 95% Cl) 1.19[0.79, 1.81]
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Analysis 5.1. Comparison 5: Subgroup analysis, timing, Outcome 1: Live birth/ongoing pregnancy

No intervention
Total

Supernatant fluid

Study or Subgroup Events Total Events

Weight

Odds Ratio

M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

5.1.11 to 24 hours
Prapas 2012
Tehraninejad 2012
Subtotal (95% CI)
Total events: 68

Heterogeneity: Chi2 = 6.38, df =1 (P = 0.01); I2 = 84%
Test for overall effect: Z =1.51 (P = 0.13)

41
16

97
45
142

38
30

93
45
138
57

5.1.2 > 1 day

Kamath 2015 7
Subtotal (95% CI)

Total events: 7
Heterogeneity: Not applicable

Test for overall effect: Z = 2.10 (P = 0.04)

15 30

30

30
30
15

Total (95% CI) 168 172
Total events: 75 72
Heterogeneity: Chi2 = 12.65, df = 2 (P = 0.002); 12 = 84%

Test for overall effect: Z = 0.50 (P = 0.61)

Test for subgroup differences: Chi? = 6.38, df = 1 (P = 0.01), I> = 84.3%

58.5%
13.1%
71.7%

28.3%
28.3%

100.0%

0.94[0.53, 1.68]
3.63[1.52, 8.65]
1.440.90 , 2.30]

0.30[0.10, 0.92]
0.30 [0.10, 0.92]

1.11[0.73, 1.70]

Favours no intervention

T

0.1 1 10 100
Favours supernatant fluid

0.01

Analysis 5.2. Comparison 5: Subgroup analysis, timing, Outcome 2: Miscarriage

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.2.1 > 1 day
Kamath 2015 6 30 1 30 4.8% 7.25[0.82, 64.46] 4 L
Zhu 2010 2 45 1 45 5.7% 2.05[0.18, 23.41] P
Subtotal (95% CI) 75 75 10.5% 4.42[0.91, 21.46] ‘
Total events: 8 2
Heterogeneity: Chi2 = 0.58, df = 1 (P = 0.45); I = 0%
Test for overall effect: Z = 1.84 (P = 0.07)
5.2.2 1 to 24 hours
Prapas 2012 3 93 3 97  17.0% 1.04[0.21,5.31] PR
Tehraninejad 2012 45 14 45  72.5% 0.34[0.12, 0.99] ——
Subtotal (95% CI) 138 142 89.5% 0.47 [0.20, 1.14] ’
Total events: 9 17
Heterogeneity: Chi2 = 1.28, df =1 (P = 0.26); I? = 22%
Test for overall effect: Z = 1.67 (P = 0.09)
Total (95% CI) 213 217 100.0% 0.89 [0.44, 1.78]

Total events: 17 19
Heterogeneity: Chi2 = 7.14, df = 3 (P = 0.07); 2= 58%
Test for overall effect: Z = 0.33 (P = 0.74)

Test for subgroup differences: Chi2 = 5.86, df = 1 (P = 0.02), 12 = 82.9%

Favours supernatant fluid

hdl

0.1 1 10 100
Favours no intervention

0.01
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Analysis 5.3. Comparison 5: Subgroup analysis, timing, Outcome 3: Clinical Pregnancy

Supernatant fluid No intervention Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
5.3.1>1 day
Kamath 2015 14 30 16 30 14.4% 0.77[0.28, 2.11] —
Zhu 2010 22 45 20 45 17.3% 1.20 [0.52, 2.74] J
Subtotal (95% CI) 75 75 3L7% 1.00 [0.53 , 1.90] ‘
Total events: 36 36

Heterogeneity: Chi2 = 0.44, df = 1 (P = 0.50); 12 = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

5.3.2 1 to 24 hours

Goto 2009 29 48 26 48 17.4% 1.29 [0.57, 2.90] J
Prapas 2012 41 93 44 97  40.7% 0.95[0.54, 1.68]

Tehraninejad 2012 36 45 30 45 10.1% 2.00[0.77,5.21]

Subtotal (95% CI) 186 190 68.3% 1.19[0.79, 1.81]

Total events: 106 100

Heterogeneity: Chi2 = 1.76, df = 2 (P = 0.41); 12 = 0%
Test for overall effect: Z = 0.83 (P = 0.41)

Total (95% CI) 261 265 100.0% 1.13[0.80, 1.61]

Total events: 142 136 r

Heterogeneity: Chi2 = 2.41, df = 4 (P = 0.66); I* = 0% 0ol o T T 100

Test for overall effect: Z = 0.69 (P = 0.49) Favours no intervention Favours supernatant fluid

Test for subgroup differences: Chi? = 0.20, df = 1 (P = 0.65), I2 = 0%

APPENDICES

Appendix 1. Cochrane Gynaecology and Fertility Specialised Register search strategy
Searched 2 December 2019

Procite platform

Keywords CONTAINS "IVF" or "ICSI" or "ET" or "intracytoplasmic sperm injection techniques" or "intracytoplasmic sperm injection"
or "in-vitro fertilisation " or "in vitro fertilization" or "Embryo Transfer" or "ovarian stimulation" or "ovarian stimulation controlled
ovarian stimulation" or "ovulation induction" or "ovulation stimulation" or "superovulation" or "superovulation induction" or "ovarian
hyperstimulation" or "poor responders" or "poor responder" or "poor prognostic patients" or "controlled ovarian hyperstimulation" or
"controlled ovarian stimulation" or "COH" or Title CONTAINS "IVF" or "ICSI" or "ET" or "intracytoplasmic sperm injection techniques"
or "intracytoplasmic sperm injection" or "in-vitro fertilisation " or "in vitro fertilization" or "Embryo Transfer" or "ovarian stimulation"
or "ovarian stimulation controlled ovarian stimulation" or "ovulation induction" or "ovulation stimulation" or "superovulation" or
"superovulation induction" or "ovarian hyperstimulation"

AND

Keywords CONTAINS "uterine cavity injection" or "intrauterine flushing" or "Intrauterine injection" or "intrauterine instillation" or "flushing
media" or "Flushing-Outcome" or "stimulation of endometrium embryo transfer" or "endometrial preparation" or "endometrial priming"
or "endometrial receptivity" or "endometrial stimulation" or "embryo culture supernatant" or Title CONTAINS "uterine cavity injection" or
"intrauterine flushing" or "Intrauterine injection" or "intrauterine instillation" or "flushing media" or "Flushing-Outcome" or "stimulation
of endometrium embryo transfer" or "endometrial preparation" or "endometrial priming" or "endometrial receptivity" or "endometrial
stimulation" or "embryo culture supernatant"

239 records

Appendix 2. CENTRAL search strategy
Searched 2 December 2019 (Issue October 2019)

OVID platform
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1 exp embryo transfer/ or exp fertilization in vitro/ or exp sperm injections, intracytoplasmic/ (2310)
2 embryo transfer$.tw. (3222)

3 vitro fertili?ation.tw. (3088)

4 ivf-et.tw. (601)

5icsi.tw. (2742)

6 intracytoplasmic sperm injection$.tw. (1192)

7 (blastocyst adj2 transfer$).tw. (409)
8ivftw. (5735)

9 or/1-8 (8683)

10 (inject* adj5 culture®).tw. (162)

11 (inject* adj5 medi*).tw. (3225)

12 (supernatant adj5 embryo*).tw. (11)
13 (supernatant adj5 blastocyst*).tw. (7)
14 (supernatant adj5 endometri*).tw. (8)
15 (supernatant adj5 uter*).tw. (8)

16 (endometri* adj5 inject™).tw. (128)

17 (flush* adj5 endometri*).tw. (55)

18 (flush* adj5 uter*).tw. (53)

19 (culture* adj5 uter*).tw. (59)

20 (culture* adj5 endometri*).tw. (87)

21 (inject* adj5 uter*).tw. (262)

22 exp Embryo Culture Techniques/ (105)
23 (stimulat* adj2 endomet*).tw. (192)
24 (culture* adj5 supernatant®).tw. (256)
25 (flush* adj5 supernatant™).tw. (3)

26 (transfer* adj5 supernatant).tw. (18)
27 (inject* adj5 supernatant).tw. (16)

28 (intrauter* adj5 inject™).tw. (359)
29 (
30 (
31(
32

—~ o~~~ —~ o~ —~ — —~ —

intrauter* adj5 flush*).tw. (10)
intrauter* adj5 supernatant®).tw. (1)
intrauter* adj5 culture).tw. (12)
instillation adj5 culture).tw. (5)

33 (instillation adj5 uter*).tw. (16)

34 0r/10-33 (4784)

359and 34 (473)

Appendix 3. MEDLINE search strategy
Searched from 1946 to 2 December 2019

OVID platform

1 exp embryo transfer/ or exp fertilization in vitro/ or exp sperm injections, intracytoplasmic/ (40473)
2 embryo transfer$.tw. (11563)

3 vitro fertili?ation.tw. (22472)

4 ivf-et.tw. (2262)

5icsi.tw. (8087)

6 intracytoplasmic sperm injection$.tw. (6967)
7 (blastocyst adj2 transfer$).tw. (994)

8 ivftw. (22860)

9 or/1-8 (54566)

10 (inject* adj5 culture®).tw. (2568)

11 (inject* adj5 medi*).tw. (13789)

12 (supernatant adj5 embryo*).tw. (82)
13 (supernatant adj5 blastocyst*).tw. (5)
14 (supernatant adj5 endometri*).tw. (32)
15 (supernatant adj5 uter*).tw. (33)

16 (endometri* adj5 inject*).tw. (302)

17 (flush* adj5 endometri*).tw. (123)

18 (flush* adj5 uter*).tw. (857)

19 (culture* adj5 uter*).tw. (1041)

20 (culture* adj5 endometri*).tw. (2095)
21 (inject* adj5 uter*).tw. (1217)
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22 exp Embryo Culture Techniques/ (3516)
23 (stimulat* adj2 endomet*).tw. (584)

24 (culture* adj5 supernatant®).tw. (26853)
25 (flush* adj5 supernatant*).tw. (5)

26 (transfer* adj5 supernatant).tw. (234)
27 (inject* adj5 supernatant).tw. (585)

28 (intrauter* adj5 inject*).tw. (590)
29 (
30 (
31
32

intrauter* adj5 flush*).tw. (15)
intrauter* adj5 supernatant®).tw. (2)
intrauter* adj5 culture).tw. (36)
instillation adj5 culture).tw. (28)

33 (instillation adj5 uter*).tw. (66)

34 0r/10-33 (53315)

35 randomized controlled trial.pt. (495253)

36 controlled clinical trial.pt. (93439)

37 randomized.ab. (461382)

38 randomised.ab. (92232)

39 placebo.tw. (208416)

40 clinical trials as topic.sh. (189290)

41 randomly.ab. (322085)

42 trial.ti. (208353)

43 (crossover or cross-over or cross over).tw. (82565)

44 0r/35-43 (1315695)

45 exp animals/ not humans.sh. (4646734)

46 44 not 45 (1210602)

479 and 34 and 46 (258)

Appendix 4. Embase search strategy
Searched from 1980 to 2 December 2019

OVID platform

1 exp embryo transfer/ or exp fertilization in vitro/ or exp intracytoplasmic sperm injection/ (67110)
2 embryo$ transfer$.tw. (20553)

3invitro fertili?ation.tw. (29456)

4 icsi.tw. (15688)

5 intracytoplasmic sperm injection$.tw. (9334)
6 (blastocyst adj2 transfer$).tw. (2298)

7 ivftw. (39359)

8 assisted reproduct$.tw. (21944)

9 ovulation induc$.tw. (5492)

10 superovulat$.tw. (3769)

11 COH.tw. (2379)

12 infertilS$.tw. (81454)

13 subfertil$.tw. (6743)

14 (ovari$ adj2 induction).tw. (327)

15 exp infertility therapy/ (96516)

16 exp ovulation induction/ (14072)

17 exp ovary hyperstimulation/ (9251)

18 (ovar$ adj2 hyperstimulation).tw. (7325)

19 (ovar$ adj2 stimulat$).tw. (10952)

20 or/1-19 (183851)

21 exp embryo culture/ and (uter* or endometri*).tw. (733)
22 (inject* adj5 culture®).tw. (3219)

23 (inject* adj5 medi*).tw. (18596)

24 (supernatant adj5 embryo*).tw. (77)

25 (supernatant adj5 blastocyst*).tw. (12)

26 (supernatant adj5 endometri*).tw. (35)

27 (supernatant adj5 uter*).tw. (29)

28 (endometri* adj5 inject®).tw. (459)

29 (flush* adj5 endometri*).tw. (138)

30 (flush* adj5 uter*).tw. (882)

—~ o~~~ —~ —~ — —
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31 (culture* adj5 uter*).tw. (1055)

32 (culture* adj5 endometri*).tw. (2546)
33 (inject* adj5 uter*).tw. (1410)

34 (stimulat* adj2 endomet*).tw. (762)
35 (culture* adj5 supernatant®).tw. (34121)
36 (flush* adj5 supernatant®).tw. (7)
37 (transfer* adj5 supernatant).tw. (367)
38 (inject* adj5 supernatant).tw. (784)

39 (intrauter* adj5 inject*).tw. (789)

40 (intrauter* adj5 flush*).tw. (16)

41 (intrauter* adj5 supernatant*).tw. (4)

42 (intrauter* adj5 culture).tw. (42)

43 (instillation adj5 culture).tw. (33)

44 (instillation adj5 uter*).tw. (66)

45 0r/21-44 (64521)

4620 and 45 (2869)

47 Clinical Trial/ (950403)

48 Randomized Controlled Trial/ (577437)

49 exp randomization/ (85057)

50 Single Blind Procedure/ (37266)

51 Double Blind Procedure/ (164812)

52 Crossover Procedure/ (61320)

53 Placebo/ (330107)

54 Randomi?ed controlled trial$.tw. (216707)

55 Ret.tw. (34913)

56 random allocation.tw. (1956)

57 randomly.tw. (423550)

58 randomly allocated.tw. (33740)

59 allocated randomly.tw. (2478)

60 (allocated adj2 random).tw. (810)

61 Single blind$.tw. (23733)

62 Double blind$.tw. (197359)

63 ((treble or triple) adj blind$).tw. (1048)

64 placebo$.tw. (294279)

65 prospective study/ (566102)

66 Or/47-65 (2343245)

67 case study/ (65451)

68 case report.tw. (385667)

69 abstract report/ or letter/ (1071531)

70 or/67-69 (1512744)

71 66 not 70 (2290809)

72 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.) (5841365)
7371 not 72 (2131887)

74 46 and 73 (406)

Appendix 5. CINAHL Plus search strategy
Searched from 1961 to 2 December 2019

EBSCO platform

S29 S9 AND S28 109

S28 S11 OR S12 OR S13 OR S14 OR S15 OR S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR
$284,358

S27 TX(instillation N5 uter*) 7

S26 TX(instillation N5 culture) 2

S25 TX(intrauter* N5 culture) 10

S24 TX(intrauter* N5 inject*) 138

S23 TX(inject* N5 supernatant) 21
S22 TX(transfer* N5 supernatant) 14
S21 TX(culture* N5 supernatant*) 789
S20 TX(stimulat* N2 endomet*) 100
$19 TX(inject* N5 uter®) 113
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S18TX
S17TX
S16 TX
S15TX

culture* N5 endometri*) 117
culture* N5 uter*) 34

flush* N5 uter*) 10

flush* N5 endometri*) 12

S14 TX(endometri* N5 inject*) 47

S13 TX(supernatant N5 endometri*) 5
S12 TX (supernatant N5 embryo*) 6
S11 TX (inject* N5 medi*) 2,849

$10 TX (inject* N5 culture*) 162
S9S10RS20ORS30RS40RS50RS60RS7ORS810,536
S8 (MM "Embryo Transfer") 1,093

S7 TX blastocyst* N3 transfer* 361

S6 TX embryo* N3 transfer* 3,058

S5 TX ovar* N3 hyperstimulat* 830

S4 TX ovari* N3 stimulat* 991
S3TXIVF or TXICSI 4,961

S2 (MM "Fertilization in Vitro") 3,405
S1 TX vitro fertilization 6,919

Appendix 6. World Health Organization International Trials Registry Platform and ClinicalTrials.gov registry
Searched 2 December 2019

Web platform

Keywords or Title CONTAINS

"IVF" or "ART" and "endometrial injection" or "embryo culture supernatant"
HISTORY

Protocol first published: Issue 6,2018
Review first published: Issue 8,2020
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SOURCES OF SUPPORT

Internal sources

« None, Other

External sources

« None, Other
DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In the protocol, we stated that we would conduct a sensitivity analyses for the primary outcomes in order to confirm robust conclusions.
One of the considerations likely to alter the effect estimate was the inclusion of studies only without serious risk of bias (studies at low risk
of bias with respect to randomisation methods and not at high risk of bias in any domain) in the statistical analysis.

In accordance with latest updates in authors' guidance on the rationale for conducting a sensitivity analysis, we reexamined our
considerations and excluded studies at high or unclear risk of selection bias (random sequence generation and allocation concealment),
studies at high or unclear risk of selective reporting bias and studies at high risk of bias in any other domain.
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Furthermore, in accordance with recent updates in CGF guidance, we performed an additional sensitivity analysis using relative risk as
the measure of effect.

Moreover, the sensitivity analysis was applied not only on the primary outcomes but also on the clinically important secondary outcomes
(clinical, ectopic and multiple pregnancy).

Finally, the subgroup analysis was expanded on clinically important secondary outcomes, where relevant data were available.
INDEX TERMS

Medical Subject Headings (MeSH)

Abortion, Spontaneous [epidemiology]; Bias; *Culture Media; *Embryo Culture Techniques; Embryo Transfer; *Endometrium;
Infertility, Female [*therapy]; Injections [methods]; Live Birth; Pregnancy Rate; Pregnancy, Ectopic [epidemiology]; Pregnancy,
Multiple [statistics & numerical data]; Premature Birth [epidemiology]; Randomized Controlled Trials as Topic; *Reproductive
Techniques, Assisted

MeSH check words

Female; Humans; Pregnancy
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