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A B S T R A C T

This is a protocol for a Cochrane Review (Intervention). The objectives are as follows:

To assess the effectiveness and safety of GM-CSF-supplemented human embryo culture media versus culture media not containing GM-
CSF, in women or couples undergoing ART.
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B A C K G R O U N D

Description of the condition

In 1978, Louise Brown was the first child born as a result of in
vitro fertilisation (IVF). Since then, the world of assisted repro-
ductive technologies (ART) has advanced at a very rapid pace
(Chronopoulou 2015; Steptoe 1978). ART provides the opportuni-
ty to have a family for those unable to become pregnant sponta-
neously for a variety of reasons, including; infertility; those in single
sex relationships; single women; and those using surrogates. ART
is often referred to as a 'cycle' reflecting its stepwise process. It in-
volves a series of procedures from ovarian stimulation and oocyte
collection, to mixing the gametes, culturing and assessing the qual-
ity of ensuing embryos, and replacing embryos into the uterus of
the woman. The success of ART is a culmination of all the elements
of the cycle, and is in part due to the ability to culture human em-
bryos in vitro using culture media capable of supporting the devel-
oping embryo. Over the past decade, the success rates of IVF, mea-
sured as the live birth of a baby, have remained relatively static. In
an attempt to improve the success rates, a series of medical and
non-medical adjuncts to an IVF cycle have been developed. These
are often referred to as 'add-ons' and are sometimes novel inter-
ventions or therapies that have shown some promise in initial stud-
ies, or they may have been around for many years, but have not
yet been proven to be effective through randomised controlled tri-
als (RCTs). Granulocyte macrophage colony stimulating factor (GM-
CSF)-containing culture media is one such add-on being offered, of-
ten at an additional cost to the IVF cycle (Heneghan 2016).

GM-CSF is a growth factor and we understand that pregnancy is
supported through secretion and modulation of cytokines and
growth factors which play a vital role in cell division, growth,
and differentiation (Richter 2008; Robertson 1994). Many different
growth factors have been evaluated as supplements to human IVF
culture media; however, GM-CSF-supplemented culture media is
known to be one of the better studied supplements in RCTs. Cul-
ture media are available as both sequential preparations and sin-
gle-step preparations in some parts of the world. There is current-
ly insufficient evidence to recommend either sequential or sin-
gle-step media as being superior for the culture of embryos to days
five or six (Sfontouris 2016).

There are many different culture media available that do not con-
tain GM-CSF. Modern culture media contain up to 80 components
including nutrients, vitamins, and growth factors (Chronopoulou
2015; Dyrlund 2014; Morbeck 2014). Most companies disclose the
components, but concentrations are rarely disclosed due to com-
mercial competition (Biggers 2000). For this review, any culture me-
dia contain GM-CSF can be compared in an RCT against any culture
media not containing GM-CSF. This review will address the effica-
cy and safety of GM-CSF-supplemented culture media when com-
pared to culture media not containing GM-CSF. Live-birth and mis-
carriage are the primary outcomes.

Description of the intervention

GM-CSF (also known as colony stimulating factor (CSF)-2) and gran-
ulocyte colony-stimulating factor (G-CSF or CSF-3) belong to the
CSF family. They are a group of cytokines that are known for their
role in haemopoietic cell proliferation, differentiation, and activa-
tion, as well as being an apoptosis suppressor (Rahmati 2015). Their
involvement in reproduction was initially investigated in the 1970s

in human placenta-conditioned media (Burgess 1977). Among the
CSF group, GM-CSF has been most widely studied and its extensive
research on ART has led to the development of new embryo culture
media supplemented with human recombinant GM-CSF. Embryo-
Gen and BlastGen are examples of commercially available sequen-
tial culture media containing GM-CSF.

GM-CSF is a cytokine that is produced by the oestrogen-primed ep-
ithelial cells in the female reproductive tract (Robertson 1992). It is
maximally expressed at the luminal and glandular epithelial cells
of the endometrium in the secretory phase, and in the lining of the
fallopian tube during the late proliferative and early mid secreto-
ry phases of the menstrual cycle (Giacomini 1995; Zhao 1994). Lat-
er during implantation, GM-CSF is produced by the chorionic vil-
li cells and the maternal decidua (Jokhi 1994). In response to lo-
cal inflammatory stimuli, GM-CSF acts by stimulating and activat-
ing mature monocytes, granulocytes, macrophages, and dendrit-
ic cells which promote chemotactic, phagocytic, and cytotoxic ac-
tions as well as antigen-presenting properties (Baldwin 1992) need-
ed in the immunomodulation of early pregnancy and embryogen-
esis (Robertson 2007).

How the intervention might work

The control of the immunological environment during early preg-
nancy involves a series of autocrine and paracrine signalling be-
tween the maternal fetal interface (Robertson 1994; Robertson
2007; Wegmann 1992). Several studies have suggested an associa-
tion between recurrent pregnancy loss and infertility and the dys-
regulation of growth factors and cytokines (Hambartsoumian 1998;
Torry 2007; Vuorela 2000). In studies of genetically GM-CSF-defi-
cient mice, there was a reduced inner cell mass observed which re-
sulted in delayed blastocyst formation, increased fetal resorption
in late gestation, decreased fetal size, and greater postnatal mortal-
ity (Robertson 1999). Other murine studies also supported that GM-
CSF is crucial in optimal fetal growth and survival as animal models
lacking GM-CSF expression experience more pregnancy losses and
impaired long-term survival of the newborn animals (Savion 2002;
Seymour 1997).

The initial studies of growth factor supplementation of culture me-
dia are limited mostly to animal models, but have largely revealed
improved blastocyst development rates (Lighten 1998; Sjöblom
1992; Sjöblom 1999; Spanos 2000; Yu 2012), increased implan-
tation, and birth rates (Block 2003; Lim 2006; Roudebush 2004;
Sjöblom 2005). The use of growth factor supplementation in human
culture media has been limited as it is costly to produce and there
are concerns about adverse effects (Richter 2008). Most growth fac-
tors are anti-apoptotic, that is, they inhibit programmed cell death.
If not controlled, adverse effects may occur as apoptosis is a cru-
cial phenomenon in embryogenesis. Inhibition of apoptosis may
lead to abnormal embryo development such as the well document-
ed 'large offspring syndrome' that occurs in mice models (Lazzari
2002; Young 2001).

Early studies on human embryos revealed that those cultured in
GM-CS-supplemented culture media had more viable inner cell
mass and reduced apoptosis. This could potentially contribute to
improved fetal viability (Sjöblom 1999; Sjöblom 2002). Supplemen-
tation of culture media with GM-CSF is reported to be safe for hu-
man embryos, there are no increases or changes in ploidy rates
or embryonic chromosomes (Agerholm 2010). Furthermore, initial
RCTs in women have revealed an improvement in the clinical preg-
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nancy and live birth rates in those randomised to culture of their
embryos in GM-CSF supplemented culture media (Mignini 2013;
Sfontouris 2013; Tevkin 2014; Ziebe 2013). There were no major and
minor birth abnormalities (Mignini 2013; Sfontouris 2013; Tevkin
2014).

Why it is important to do this review

GM-CSF-supplemented culture media is widely commercially avail-
able and is being offered to women undergoing ART worldwide.
It is often considered an 'add-on' or supplementary therapy giv-
en alongside standard IVF in an attempt to improve success rates
(Heneghan 2016). There is currently no up to date systematic re-
view of RCTs on this topic, and the one published systematic re-
view relied on non-randomised studies, and studies where oocytes
rather than women were randomised (Siristatidis 2013). The avail-
able RCTs were small with differing results and did not offer certain-
ty on what should be done in practice. Using GM-CSF can carry an
additional cost to women undergoing IVF. Therefore, it is important
to distil the available RCT evidence in a meaningful way to provide
information on the effectiveness and safety of this intervention for
women, clinicians, and embryologists, and regulatory and advisory
bodies such as the Human Fertilisation and Embryology Authority
(HFEA).

O B J E C T I V E S

To assess the effectiveness and safety of GM-CSF-supplemented
human embryo culture media versus culture media not containing
GM-CSF, in women or couples undergoing ART.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We will include all published and unpublished RCTs. We will include
cross-over studies for completeness, but pool only data from the
first phase in meta-analyses because this design of study is not valid
in the context of infertility trials (Vail 2003). We will exclude quasi
and pseudo-randomised trials. There will be no limitation on lan-
guage, publication date, or publication status.

Types of participants

Women undergoing IVF or intracytoplasmic sperm injection (ICSI),
for any cause of infertility, using autologous or donor oocytes.
Women undergoing IVF or ICSI with a background of recurrent mis-
carriage will also be included.

Types of interventions

We will include all studies that compare GM-CSF (including G-CSF)-
supplemented embryo culture media versus any other non-GM-
CSF-supplemented embryo culture media (control).

Types of outcome measures

Primary outcomes

1. Live birth per woman randomised, defined as a live baby born
after 20 weeks' gestation.
a. Ongoing pregnancy, defined as clinical pregnancy of 12 or

more weeks' gestation will be used as a surrogate for live
birth in cases where studies do not report live birth.

2. Miscarriage per woman randomised. Where possible, the def-
inition we will use is miscarriage of clinical pregnancy. Where
a paper does not report miscarriage of clinical pregnancy, we
will attempt to calculate it by subtracting clinical pregnancy per
woman randomised from live birth per woman randomised.

Secondary outcomes

1. Clinical pregnancy per woman randomised, defined as presence
on ultrasound scan of one or more gestational sacs, or definitive
signs of clinical pregnancy. It includes ectopic pregnancy. Note
that multiple gestational sacs are counted as one clinical preg-
nancy.

2. Multiple gestation per woman randomised.

3. Preterm birth per woman randomised (defined as birth before
37 weeks' gestation).

4. Birth defects (defined as any structural anomaly present at birth
that may interfere with function depending upon the organ or
structure involved).

5. Aneuploidy (defined as any genetic disorder diagnosed during
pregnancy or at the time of birth).

6. Still birth (defined as a baby born with no signs of life after 20
completed weeks of pregnancy).

Search methods for identification of studies

We will search for relevant studies without language or date restric-
tion in consultation with the Cochrane Gynaecology and Fertility
group Information Specialist.

Electronic searches

We will design search strategies for the following databases: the
Gynaecology and Fertility Group Specialised Register of Controlled
Trials, Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE Ovid, Embase Ovid, and CINAHL EBSCO. The MEDLINE
search will be combined with the Cochrane highly sensitive search
strategy for identifying randomised trials which appears in the
Cochrane Handbook for Systematic Reviews of Interventions (Hig-
gins 2019; Section 4.3.1). The Embase and CINAHL search strategies
are combined with trial filters developed by the Scottish Intercolle-
giate Guidelines Network (SIGN; www.sign.ac.uk/methodology/fil-
ters.html#random).

See Appendix 1; Appendix 2; Appendix 3; Appendix 4; Appendix 5.

Other electronic sources of trials will include:

1. trial registers for ongoing and registered trials: ClinicalTrial-
s.gov (www.clinicaltrials.gov) and the World Health Organiza-
tion International Trials Registry Platform search portal (app-
s.who.int/trialsearch/Default.aspx). See Appendix 6.

2. DARE (Database of Abstracts of Reviews of Effects) on
the Cochrane Library (onlinelibrary.wiley.com/o/cochrane/
cochrane_cldare_articles_fs.htm). See Appendix 7.

3. Web of Knowledge (wokinfo.com). See Appendix 8.

4. OpenGrey (www.opengrey.eu/) for unpublished literature from
Europe. See Appendix 9.

5. LILACS database (lilacs.bvsalud.org/en/). See Appendix 10.

6. PubMed and Google Scholar (for recent trials not yet indexed in
the major databases). See Appendix 11 and Appendix 12.
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Searching other resources

We will handsearch reference lists of included and excluded studies
retrieved by the search.

Data collection and analysis

Selection of studies

Two review authors will independently assess eligibility of all stud-
ies identified by the search utilising Covidence (Covidence). We will
retrieve the full-test publications of potentially eligible studies. We
will screen the full texts to identify studies for inclusion and record
reasons for exclusion in the 'Characteristics of excluded studies' ta-
ble. We will resolve any disagreements by discussion or consulta-
tion with a third review author.

Data extraction and management

Two review authors will independently extract data on study char-
acteristics and primary and secondary outcomes from eligible stud-
ies using a data extraction form designed and piloted by the review
authors. We will include the following characteristics of included
studies in the data extraction form:

1. methods;

2. participants;

3. interventions;

4. outcomes, including adverse events;

5. funding source for studies.

We will resolve any disagreements or discrepancies by discussion.
Where studies have multiple publications, we will use the main tri-
al report as the reference and obtain additional details from sec-
ondary papers which will appear as subreferences. We will corre-
spond with study investigators for further information on study
methods and results, as required. This correspondence will be doc-
umented in the 'Characteristics of included studies' table.

Assessment of risk of bias in included studies

Two review authors will independently assess the included studies
for methodological quality and undertake data extraction accord-
ing to the Cochrane 'Risk of bias' assessment tool (Higgins 2011).
We will assess selection bias (random sequence generation and al-
location concealment), attrition bias (incomplete outcome data),
reporting bias (selective reporting), performance bias (blinding of
participants and personnel), detection bias (blinding of outcome
assessors), and other biases (other problems that could put a trial
at high risk of bias). We will present and describe all our judgements
in the 'Risk of bias' table. We will resolve any disagreements by dis-
cussion.

Measures of treatment e8ect

We will summarise the effects and adverse events related to the in-
tervention as odds ratios (ORs) using a fixed-effect model. We will
present 95% confidence intervals (CIs) for all outcomes to evaluate
the precision of the estimate. Will consider the clinical relevance of
the results from the meta-analysis of each comparison, taking into
account the precision of the estimate. When adding data from indi-
vidual studies to comparisons, we will consider whether the rates
of events in both the intervention and control arm reflect current
practice. For example, major discrepancies in direction and magni-

tude of effect will be explored in the results section and reflected in
our risk of bias assessment.

Unit of analysis issues

The denominator for all outcomes will be the number of women
randomised. We will use no per cycle data.

We will count multiple births (e.g. twins or triplets) as one live birth
event.

Dealing with missing data

We will analyse the data on an intention-to-treat basis and attempt
to obtain missing data from the primary investigators. We will as-
sume that participants who drop out after randomisation (e.g. be-
cause of cycle cancellation), or who were lost to follow-up or with-
drew, did not achieve clinical pregnancy or live birth. We will make
no other assumptions.

Assessment of heterogeneity

We will consider whether the clinical and methodological charac-
teristics of the included studies are sufficiently similar for meta-
analysis to provide a clinically meaningful summary. We will assess

statistical heterogeneity using the I2 statistic and consider an I2 sta-
tistic greater than 50% to indicate substantial heterogeneity (Hig-
gins 2019). When there is significant heterogeneity, we will under-
take planned subgroup analyses to explore this is more detail.

Assessment of reporting biases

We will reduce the potential impact of publication and reporting
bias by performing a comprehensive search for eligible studies and
looking for duplication of data. We will construct a funnel plot to ex-
plore the possibility of small-study effects (a tendency for estimates
of the intervention effect to be more beneficial in smaller studies)
if there are 10 or more studies included in an analysis. When possi-
ble, we will use published protocols and prospective trial registra-
tion webpages for included studies to investigate selective report-
ing (i.e. comparisons of outcomes listed in the study protocol ver-
sus outcomes reported in papers).

Data synthesis

We will perform meta-analyses, as appropriate, where data are
available from multiple studies investigating the same treatment,
and where the outcome has been measured in a standard way be-
tween the studies. We will use a fixed-effect model. We will under-
take this meta-analysis according to methods recommended in the
Cochrane Handbook for Systematic Reviews of Interventions in the
following comparisons (Higgins 2019).

1. Studies that include GM-CSF supplementation in human em-
bryo culture media versus any other non-GM-CSF-supplement-
ed human embryo culture media.

Subgroup analysis and investigation of heterogeneity

Where data are available, we will conduct subgroup analyses to de-
termine the separate effect between the following subgroups.

1. Studies including only women with recurrent implantation fail-
ure, defined as the failure to achieve a clinical pregnancy after
transfer of at least four good-quality embryos in a minimum of
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three fresh or frozen cycles (Coughlan 2014), versus studies not
including women with recurrent miscarriage.

2. Studies using single-step culture media versus studies using se-
quential culture media.

3. Studies including only women with donor oocytes versus stud-
ies using autologous oocytes.

4. Studies including only women with recurrent miscarriage (loss
of three or more consecutive pregnancies before 20 weeks' ges-
tation) versus studies not including women with recurrent mis-
carriage.

5. Studies replacing embryos at cleavage stage (day two or three)
versus studies replacing embryos at blastocyst stage (day five).

If we detect substantial heterogeneity, we will explore possible ex-
planations in subgroup analyses. We will take any statistical het-
erogeneity into account when interpreting the results, especially if
there is any variation in the direction of effect.

Sensitivity analysis

We will conduct sensitivity analyses for the primary outcomes to
determine whether the conclusions are robust to arbitrary deci-
sions made regarding the eligibility and analysis. These analyses
will include consideration of whether the review conclusions would
have differed if:

1. eligibility was restricted to studies without high risk of bias (low
risk studies are defined as those with low risk of bias in at least

the following two domains: random sequence generation and
allocation concealment);

2. a random-effects model had been adopted;

3. the summary effect measure was risk ratio rather than OR.

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

We will prepare a 'Summary of findings' table to evaluate the over-
all quality of the body of evidence for the main review outcomes
(live birth, miscarriage, clinical pregnancy) using GRADE criteria
(study limitations (i.e. risk of bias), consistency of effect, impreci-
sion, indirectness, and publication bias) (GRADEpro GDT). We will
justify and document judgements about evidence quality (high,
moderate, low, and very low) and incorporate this into reporting
of the results for each outcome. The 'Summary of findings' table
will compare GM-CSF (including G-CSF)-supplemented embryo cul-
ture media versus any other non-GM-CSF-supplemented embryo
culture media (control).
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A P P E N D I C E S

Appendix 1. Cochrane Gynaecology and Fertility Group specialised register (CGFG) search strategy

PROCITE platform

From inception to date of search

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 stim-
ulation" or "ovulation induction" or "ovulation stimulation" or "superovulation" or "superovulation induction" or "ovarian hyperstimula-
tion" or "poor prognostic patients" or "controlled ovarian hyperstimulation" or "controlled ovarian stimulation" or "COH" or "embryo cul-
ture" or "embryo culture media" or "blastocyst culture technique" or "blastocyst media" or "blastocyst" or "culture" or "Culture-Media"
or "culture techniques" 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 "embryo culture" or "embryo culture media"
or "blastocyst culture technique" or "blastocyst media" or "blastocyst" or "culture" or "Culture-Media" or "culture techniques"

AND

Keywords CONTAINS "granulocyte colony-stimulating factor" or "granulocyte macrophage colony stimulating factor" or "GM-CSF" or "G-
CSF" or "Embryogen" or Title CONTAINS "granulocyte colony-stimulating factor" or "granulocyte macrophage colony stimulating factor"
or "GM-CSF" or "G-CSF" or "Embryogen"

Appendix 2. CENTRAL Register of Studies Online (CRSO) search strategy

Web platform

From inception to date of search

#1 MESH DESCRIPTOR Embryo Transfer EXPLODE ALL TREES

#2 MESH DESCRIPTOR Fertilization in Vitro EXPLODE ALL TREES
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#3 MESH DESCRIPTOR Sperm Injections, Intracytoplasmic EXPLODE ALL TREES

#4 (vitro fertili?ation):TI,AB,KY

#5 (ivf or icsi):TI,AB,KY

#6 (intracytoplasmic sperm injection*):TI,AB,KY

#7 (assisted reproduct*):TI,AB,KY

#8 (ovulation induc*):TI,AB,KY

#9 superovulat*:TI,AB,KY

#10 (ovarian hyperstimulation):TI,AB,KY

#11 COH:TI,AB,KY

#12 infertil*:TI,AB,KY

#13 subfertil*:TI,AB,KY

#14 blastocyst*:TI,AB,KY

#15 embryo*:TI,AB,KY

#16 (recurrent adj3 miscarriage*):TI,AB,KY

#17 (recurrent adj3 abortion*):TI,AB,KY

#18 (recurrent adj3 implantation*):TI,AB,KY

#19 (implantation failure*):TI,AB,KY

#20 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19

#21 MESH DESCRIPTOR Colony-Stimulating Factors EXPLODE ALL TREES

#22 (CSF-2 or CSF-3):TI,AB,KY

#23 (Colony stimulating adj3 factor*):TI,AB,KY

#24 (granulocyte macrophag*):TI,AB,KY

#25 (GM CSF):TI,AB,KY

#26 gcsf:TI,AB,KY

#27 gmcsf:TI,AB,KY

#28 (g csf):TI,AB,KY

#29 (Embryogen or blastogen or Leucomax):TI,AB,KY

#30 #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29

#31 #20 AND #30

Appendix 3. MEDLINE search strategy

Ovid platform

From 1946 to date of search

1 exp embryo transfer/ or exp fertilization in vitro/ or exp sperm injections, intracytoplasmic/

2 vitro fertili?ation.tw.

3 ivf-et.tw.
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4 ivf.tw.

5 icsi.tw.

6 intracytoplasmic sperm injection$.tw.

7 assisted reproduct$.tw.

8 ovulation induc$.tw.

9 (ovari$ adj2 stimulat$).tw.

10 superovulat$.tw.

11 ovarian hyperstimulation.tw.

12 COH.tw.

13 infertil$.tw.

14 subfertil$.tw.

15 (ovari$ adj2 induction).tw.

16 blastocyst$.tw.

17 embryo$.tw.

18 (recurrent adj3 miscarriage$).tw.

19 (recurrent adj3 abortion$).tw.

20 (recurrent adj3 implantation$).tw.

21 implantation failure$.tw.

22 or/1-21

23 exp colony-stimulating factors/ or exp granulocyte-macrophage colony-stimulating factor/ or exp macrophage colony-stimulating fac-
tor/

24 (CSF-2 or CSF-3).tw.

25 (Colony stimulating adj3 factor$).tw.

26 granulocyte macrophag$.tw.

27 GM CSF.tw.

28 gcsf.tw.

29 gmcsf.tw.

30 g csf.tw.

31 (Embryogen or blastogen or Leucomax).tw.

32 or/23-31

33 22 and 32

34 randomized controlled trial.pt.

35 controlled clinical trial.pt.

36 randomized.ab.

37 randomised.ab.
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38 placebo.tw.

39 clinical trials as topic.sh.

40 randomly.ab.

41 trial.ti.

42 (crossover or cross-over or cross over).tw.

43 or/34-42

44 exp animals/ not humans.sh.

45 43 not 44

46 33 and 45

Appendix 4. Embase search strategy

Ovid platform

From 1980 to date of search

1 exp embryo transfer/ or exp fertilization in vitro/ or exp intracytoplasmic sperm injection/

2 vitro fertili?ation.tw.

3 icsi.tw.

4 intracytoplasmic sperm injection$.tw.

5 (ivf or et).tw.

6 assisted reproduct$.tw.

7 ovulation induc$.tw.

8 (ovari$ adj2 stimulat$).tw.

9 superovulat$.tw.

10 ovarian hyperstimulation.tw.

11 COH.tw.

12 infertil$.tw.

13 subfertil$.tw.

14 (ovari$ adj2 induction).tw.

15 blastocyst$.tw.

16 embryo$.tw.

17 (recurrent adj3 miscarriage$).tw.

18 (recurrent adj3 abortion$).tw.

19 (recurrent adj3 implantation$).tw.

20 implantation failure$.tw.

21 or/1-20

22 exp colony stimulating factor/

23 exp granulocyte macrophage colony stimulating factor/
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24 exp colony stimulating factor 1/

25 (CSF-2 or CSF-3).tw.

26 (Colony stimulating adj3 factor$).tw.

27 granulocyte macrophag$.tw.

28 GM CSF.tw.

29 gcsf.tw.

30 gmcsf.tw.

31 g csf.tw.

32 (Embryogen or blastogen or Leucomax).tw.

33 or/22-32

34 Clinical Trial/

35 Randomized Controlled Trial/

36 exp randomization/

37 Single Blind Procedure/

38 Double Blind Procedure/

39 Crossover Procedure/

40 Placebo/

41 Randomi?ed controlled trial$.tw.

42 Rct.tw.

43 random allocation.tw.

44 randomly.tw.

45 randomly allocated.tw.

46 allocated randomly.tw.

47 (allocated adj2 random).tw.

48 Single blind$.tw.

49 Double blind$.tw.

50 ((treble or triple) adj blind$).tw.

51 placebo$.tw.

52 prospective study/

53 or/34-52

54 case study/

55 case report.tw.

56 abstract report/ or letter/

57 or/54-56

58 53 not 57
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59 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.)

60 58 not 59

61 21 and 33 and 60

Appendix 5. CINAHL search strategy

Ebsco platform

From 1982 to date of search

 

# Query

S45 S32 AND S44

S44 S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43

S43 TX allocat* random*

S42 (MH "Quantitative Studies")

S41 (MH "Placebos")

S40 TX placebo*

S39 TX random* allocat*

S38 (MH "Random Assignment")

S37 TX randomi* control* trial*

S36 TX ( (singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX
( (tripl* n1 blind*) or (tripl* n1 mask*) ) or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) )

S35 TX clinic* n1 trial*

S34 PT Clinical trial

S33 (MH "Clinical Trials+")

S32 S21 AND S31

S31 S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30

S30 TX (Embryogen or blastogen or Leucomax)

S29 TX g csf

S28 TX gmcsf

S27 TX gcsf

S26 TX GM CSF

S25 TX granulocyte macrophag*
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S24 TX (Colony stimulating N3 factor*)

S23 TX (CSF-2 or CSF-3)

S22 (MM "Colony-Stimulating Factors+") OR (MM "Granulocyte Colony-Stimulating Factor") OR (MM
"Granulocyte-Macrophage Colony-Stimulating Factor")

S21 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12 OR S13 OR S14 OR
S15 OR S17 OR S18 OR S19 OR S20

S20 TX implantation failure*

S19 TX recurrent N3 implantation*

S18 TX recurrent N3 abortion*

S17 TX recurrent N3 miscarriage*

S16 TX embryo*

S15 TX blastocyst*

S14 TX subfertil*

S13 TX infertil*

S12 TX COH

S11 TX ovarian hyperstimulation

S10 TX superovulat*

S9 TX ovulation induc*

S8 TX assisted reproduct*

S7 TX intracytoplasmic sperm injection*

S6 TX vitro fertili?ation

S5 (MM "Embryo Transfer")

S4 TX ovar* N3 hyperstimulat*

S3 TX ovari* N3 stimulat*

S2 TX IVF or TX ICSI

S1 (MM "Fertilization in Vitro")

  (Continued)

 

Appendix 6. Clinicaltrials.gov and WHO portal for ongoing trials search strategy

Web platform

From inception to date of search
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csf* and embryo*

csf* and ivf*

colony stimulating factor and embryo

colony stimulating factor and ivf

Appendix 7. DARE search strategy

Web platform

From inception to date of search

csf* and embryo*

csf* and ivf*

colony stimulating factor and embryo

colony stimulating factor and ivf

Appendix 8. The Web of Knowledge search strategy

Web platform

From inception to date of search

csf* and embryo*

csf* and ivf*, limited by Web of Science Categories REPRODUCTIVE BIOLOGY, OBSTETRICS GYNECOLOGY and MEDICINE RESEARCH EX-
PERIMENTAL

Appendix 9. OpenGrey search strategy

Web platform

From inception to date of search

csf* and embryo*

csf* and ivf*

Appendix 10. LILACS database search strategy

Web platform

From inception to date of search

colony stimulating factor and embryo*

colony stimulating factor and ivf*

Appendix 11. PubMed search strategy

Web platform

(colony stimulating factor [title] OR csf [title] AND embryo* [Title/Abstract] OR ivf* [Title/Abstract] limited by clinical trials and randomised
controlled trial

Appendix 12. Google scholar search strategy

Web platform

(csf AND embryo* OR ivf*)

(colony stimulating factor AND embryo*)
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