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KEYWORDS ABSTRACT

RIF; ART; Recurrent implantation failure (RIF) poses a significant challenge in assisted reproductive technology (ART),

G-CSF; ICS]; defined as the failure to achieve pregnancy following multiple embryo transfers. This review examines the role of

Endometrial Granulocyte Colony-Stimulating Factor (G-CSF) in improving implantation outcomes in women with RIF

Receptivity. undergoing ICSI cycles. G-CSF, a cytokine involved in neutrophil regulation, has shown potential in enhancing
endometrial receptivity, modulating immune responses, and promoting embryo implantation. Preclinical studies
suggest G-CSF influences endometrial thickness, trophoblast invasion, and angiogenesis, while clinical trials report
mixed results on its efficacy in improving pregnancy rates. This review explores the physiological mechanisms of
G-CSF in reproduction, its therapeutic applications in RIF, and the need for further high-quality evidence to confirm
its benefits. Additionally, the review addresses other contributing factors to RIF, including immune dysregulation,
genetic abnormalities, anatomical issues, and endocrine imbalances, offering a comprehensive overview of current
understanding and treatment strategies for RIF.

Introduction

RIF mentions to the repeated inability of an embryo to implant to a detectable stage, as recognized
through pelvic ultrasonography (Simon et al., 2012). According to Coughlan et al. (2014), RIF is the inability of
women under 40 for achieving a clinical pregnancy following transferring as a minimum four high-quality
embryos over the course of at least three fresh or frozen cycles. Numerous molecular interactions among embryo
and endometrium are necessary for effective embryo implantation, which is a complex biological process
(Khodry et al., 2024). In this intricate process, endometrial integrins, growth factors, adhesion molecules,
extracellular matrix molecules, and ion channels are essential elements (Davidson & Coward, 2016).

G-CSF is part of the colony-stimulating factor family and is synthesized by a variety of cell types,
involving endothelial cells, fibroblasts, macrophages, and lymphocytes (Wiirfel, 2000). G-CSF is also present in
reproductive tissues, involved the human ovary and endometrium (Zhao et al., 2016). Preclinical research has
demonstrated that luteinized granulosa cells contain G-CSF and its receptor, placental trophoblasts, and oocytes,
suggesting its role in reproductive processes (Cai et al., 2015).

G-CSF is believed to play several physiological roles in pregnancy, including promoting embryo
cleavage and blastocyst formation (Cai et al., 2015), regulating key endometrial functions essential for
implantation—including reshaping blood vessels, influencing the immune system, and promoting cellular
attachment (Rahmati et al., 2014)—and influencing follicle development and ovulation (Salmassi et al., 2004).
Despite its potential, randomized controlled trials have produced conflicting results regarding G-CSF’s effects
on rates of endometrial thickness, implantation rates, and rates of clinical pregnancy after in vitro fertilization
(Aleyasin et al., 2016).
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Research on GM-CSF, a related factor, supports its importance in fetal growth and survival. Studies on
animal models have demonstrated that the absence of GM-CSF caused higher pregnancy loss rates and impaired
survival of offspring (Savion et al., 2002). GM-CSF-supplemented culture media has been shown to enhance
embryo viability by promoting larger inner cell masses and reducing apoptosis, with no negative effects on
ploidy rates or chromosomal integrity (Sjoblom et al.,, 2002). GM-CSF-supplemented media is now
commercially obtainable and widely used in assisted reproduction as an adjunctive therapy to improve IVF
success rates (Armstrong et al., 2020).

Physiology of Implantation

During implantation, molecular and physiological processes facilitate a two-way conversation among
embryo and an open endometrium. Procedure of implantation is multi-staged and intricate:

1. Fertilization: The sperm fertilizes the oocyte to form a zygote, that develops into a blastocyst containing
an inner cell mass (embryo precursor) and trophoblasts (placenta precursor), migrating to the uterine cavity
for implantation (Woodward, 2018).

2. Endometrial Structure: The endometrium, the uterine lining, consists of stromal, epithelial, endothelial,
and immune cells. It thickens during the proliferative phase under estrogen and becomes receptive to
implantation during the secretory phase under progesterone influence (Grund & Griimmer, 2018).

3. Window of Uterine Receptivity: Implantation occurs during a specific period, the window during which
the endometrium implants expresses pinopodes and molecules like leukemia inhibitory factor (LIF),
progesterone, and integrin aVp3, which promote embryo attachment and invasion (Governini et al., 2021).

4. Mediators of Implantation: Growth factors, cytokines, and adhesion molecules, such as CG, LIF,
interleukin-6 (IL-6), and mucin-1 (MUC-1), regulate hormonal responses and cell interactions essential for
successful implantation (Gunther et al., 2023).

Dynamics of Implantation

Throughout the window for implantation, the endometrium expresses a number of genes that facilitate
the implantation process. The uterus undergoes substantial tissue remodeling that bears resemblance to a
micrometastatic process (Mor, et al. 2017).

The blastocyst attaches to the apical surface of the epithelium upon entering the uterine fundus and
subsequently penetrates the luminal epithelium to invade the stroma. Implantation can be categorized into four
distinct stages: immunological modulation, adhesion/attachment, apposition, and invasion/penetration (Su and
Fazleabas 2015) (Figure 2):
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Figure (1): Stages of human implantation (Ochoa-Bernal and Fazleabas 2020).

Apposition: During apposition, the blastocyst loosely interacts with the receptive endometrium, aided by
receptor-ligand interactions. Selectins, particularly L-selectin, mediate the blastocyst's rolling and tethering,
while the inner cell mass orientation aligns with the endometrium. MUC-1, an anti-adhesion molecule,
ensures proper attachment by preventing unwanted attachment before implantation (Ashary et al., 2018).
Adhesion/Attachment: Successful adhesion requires the removal of mucins like MUC-1, which are cleaved
at the implantation site. Cytokines, notably LIF, perform an essential function in attracting the blastocyst to
the implantation site. Integrins, particularly aV3, are essential for blastocyst attachment to the endometrium
and proper implantation, with abnormal expression linked to infertility and pregnancy loss (Salama &
Alloush, 2020; Joshi et al., 2021).

Invasion/Penetration: Trophoblast cells through the invasion tend to penetrate the endometrial epithelium,
forming invadopodia that degrade the basement membrane. The syncytiotrophoblast invades the epithelium,
a process called syncytialization. The trophoblast cells proliferate and differentiate, leading to placentation,
where primary villi form and eventually develop into secondary and tertiary villi (Ochoa-Bernal &
Fazleabas, 2020; Huppertz, 2023).

Decidualization: Decidualization is the transformation of uterine stromal cells into decidual cells,

crucial for pregnancy establishment. This process is regulated by progesterone and involves immune tolerance,
tissue remodeling, and angiogenesis. Uterine natural killer cells and the Notch signaling pathway also play vital
roles in regulating the process, which ensures controlled trophoblast invasion and maternal safety during
pregnancy (Ng et al., 2020; Elagab et al., 2022; Orzechowska et al., 2020; Okada et al., 2018).

Recurrent Implantation Failure

RIF refers to repeated failure of embryo implantation, despite multiple attempts. Although no universal

definition exists, some suggest RIF as failure for achieving clinical pregnancy following transferring ten or more
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embryos, while others recommend basing it on transferring 3 or more embryos, considering improved
implantation rates with advances in I\VF and blastocyst transfer (Coughlan et al., 2014). Research has highlighted
the rarity of RIF following 3 successful euploid embryo transfers in a normal endometrium, indicating that most
failures may be linked to embryonic factors rather than endometrial causes (Pirtea et al., 2021).

IVF cycle failures can arise from a combination of factors, including immune system responses, genetic
issues, anatomical and hematologic factors, microbiome imbalances, and hormonal influences. These elements
affect embryo-endometrial synchrony, making the process of implantation complex and multifactorial (Franasiak
etal., 2021).

Factors causing RIF:

Immune factors in RIF

Recent research has focused on the role of endometrial immune cells in predicting IVF outcomes,
highlighting the importance of immune interactions at the maternal-fetal interface (lwes et al., 2023).
Dysregulation in the communication among trophoblasts, macrophages, and uNK cells may contribute to
implantation failure (Zhang and Wei, 2021).

An endometrial immune profile is proposed to detect immune dysregulation linked to RIF, as immune
cells in the endometrium respond to hormonal changes and fetal antigens. Uterine NK cells are important for
regulating vascular remodeling and trophoblast invasion, while maternal KIR interactions with fetal HLA-C
molecules influence invasion. Women with the KIR AA genotype may face increased risk of pregnancy
complications due to insufficient immune activation (Mukherjee et al., 2023; Yang et al., 2020).

Uterine tissue disease like endometriosis, chronic endometritis and adenomyosis, as well as systemic
disorders like obesity, PCOS, and autoimmunity, can alter endometrial immune profiles, contributing to
implantation failure. Environmental and inflammatory signals can disrupt immune cell function and transcription
of genes in the endometrium, leading to tissue dysregulation (Lambert, et al. 2016).

Genetic factors in RIF

Rare genetic disorders include chromosomal aneuploidy and rearrangements are causes of early and
recurrent pregnancy loss, but their role in RIF remains less clear (Albaghdadi and Kan, 2021). Maternal age is a
key factor, as it increases errors in meiosis, leading to higher aneuploidy rates in embryos, though selective
transfer of euploid embryos can improve fertility outcomes. Mosaic embryos, containing both normal and
abnormal cells, also show reduced implantation success. Sperm DNA fragmentation was suggested as a reason
for recurrent implantation failure, though studies are inconclusive due to testing inconsistencies (Xi et al., 2022).

Maternal thrombophilia like factor V Leiden and MTHFR mutations have been associated with
implantation failure in some investigations. Additionally, research suggests that the KIR A inhibitory haplotype
may provide protection against RIF. Variations in the ANXA5 gene, such as the M2 haplotype, may also
contribute to RIF, though evidence is limited. ERA, which evaluates gene expression in the endometrium, holds
potential for personalizing the window of implantation, but further validation is needed (Sato et al., 2019).
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Anatomic factors in RIF

Embryo implantation may be hampered by anatomic anomalies such as hydrosalpinges, fibroids, polyps,
intrauterine adhesions, and Miillerian malformations (Morin, et al. 2017):

Fibroids:

Fibroids can negatively impact implantation through mechanisms like venous congestion, reduced blood
supply, and increased myometrial contractions, with effects varying by location (Ali et al., 2018). Submucosal
fibroids significantly reduce pregnancy rates after I\VF, while myomectomy can improve outcomes. However,
subserosal fibroids and noncavity-distorting intramural fibroids generally do not affect statistics on clinical
pregnancies or live births (Barcelos et al., 2021; Yan et al., 2018).

The role of myomectomy for intramural fibroids is debated, with studies showing mixed results on its
impact on fertility. Guidelines suggest myomectomy may be unnecessary for asymptomatic, noncavity-distorting
intramural fibroids but may be considered in select cases (Metwally et al., 2020; Penzias et al., 2017).

Polyps:

Uterine lesions commonly found are endometrial polyps linked to recurrent implantation failure (RIF),
associated with changes in molecular markers such as elevating glycodelin levels while decreasing HOXA10
and IL10 levels. Histologic abnormalities in the endometrium of females with polyps were stated. A randomized
controlled trial showed a twofold rise in the likelihood of becoming pregnant following hysteroscopic
polypectomy in women undergoing intrauterine insemination, regardless of polyp size (Bashiri et al., 2018).

However, RCTs on polypectomy prior to I\VF are non-existent, and retrospective investigations and
meta-analyses haven’t consistently shown improvements in live birth rates or clinical pregnancy. Diagnostic
hysteroscopy alone appears to improve I\VF outcomes. To find out if polypectomy can improve implantation,
more research is required based on polyp size and location, with office hysteroscopic polypectomy recommended
for polyp excision (Ghaffari et al., 2016).

Uterine Septum

The majority of infertile women have a septate uterus, a type of Millerian abnormality, is linked to
decreased clinical pregnancy rates (CPR), increased miscarriage rates (MR), preterm births, and malpresentation
at delivery (Mohamed et al., 2019). These complications may be due to a lack of proper blood flow, problems
with placentation, decreased steroid sensitivity, and irregular uterine contractions. While observational studies
suggest that hysteroscopic septoplasty improves pregnancy results, involving lesser MR and greater CPR, these
studies often lack control groups and have inconsistent diagnostic criteria and follow-up (Franasiak et al.,
2021).

The only randomized controlled trial (RCT) on septoplasty, Results from the Randomized Uterine
Septum Transection Trial did not indicate a statistically significant increase in pregnancies number that
continued following the procedure, live birth rates (LBR), or preterm delivery after septum resection. However,
concerns about the diagnostic criteria used, such as the removal of septum length restrictions during the study,
may have impacted the results. While the ASRM guidelines suggest considering hysteroscopic septoplasty for
infertile patients, further RCTs with consistent criteria are needed to provide clear evidence-based treatment
recommendations (Rikken et al., 2021; Ludwin et al., 2021).
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Intrauterine Adhesions

Asherman syndrome is an example of an intrauterine adhesion that affects 38% of women who have
early pregnancy loss and 8% of infertile people. These adhesions can obstruct the cervical canal or fallopian
tubes, impair placental growth, and interfere with the implantation and transportation of sperm. According to a
study including 2,151 women with Asherman syndrome, 43% of them had infertility (Franasiak et al., 2021).
Despite the fact that there aren't any trusted randomized controlled trials (RCTs) on hysteroscopic adhesiolysis,
cohort studies support its effectiveness, with pregnancy rates after surgery ranging from 32% to 81%, depending
on the severity of the adhesions.

For women with RPL, hysteroscopic adhesiolysis has been correlated with a significant rise in LBR,
between eighteen percent and sixty-four percent. A systematic review of thirty-six investigations found a 63%
pregnancy probability following adhesiolysis and a 75% live birth rates between cases conceived. Despite
favourable outcomes, females with Asherman syndrome keep on at risk for complications such as abnormal
placentation, uterine rupture, and preterm birth (Yu et al., 2008; Katz et al., 1996; Deans and Abbott, 2010).

Hydrosalpinx

Hydrosalpinx significantly reduces CPR, implantation rates, and LBR by 50% in females suffering in
vitro fertilization, primarily due to the toxic effects of hydrosalpinx fluid, which can impair endometrial
receptivity and cause mechanical flushing. Salpingectomy remains the gold standard for managing hydrosalpinx,
doubling CPR; however, two randomized controlled trials (RCTs) have shown comparable IVF outcomes with
proximal tubal occlusion. Alternatives like hydrosalpinx fluid aspiration and sclerotherapy have been evaluated,
with some studies suggesting improved CPR, though the quality of evidence is lower. Aspiration, while offering
some benefit, often results in fluid reaccumulation, while sclerotherapy has shown better results in improving
CPR and implantation rates (Ali et al., 2022). The ASRM currently suggests proximal tubal occlusion or
salpingectomy as a management for females suffering IVF who have hydrosalpinges, though alternatives like
aspiration, sclerotherapy, and even neosalpingostomy for select cases may also be considered effective
(Volodarsky-Perel et al., 2019; Melo et al., 2020; Cohen et al., 2018).

Hematologic factors in RIF

- Inherited Thrombophilia: Inherited thrombophilia, including mutations in factors like FVL, prothrombin
gene, and MTHFR, as well as deficiencies in natural anticoagulants involved protein C, protein S, and
antithrombin 111 have been studied for their potential association with RIF. While some investigations have
found a higher frequency of these mutations in females with RIF, other larger studies and meta-analyses
have not supported this link. The evidence remains inconclusive regarding their role in RIF (Diaz-Nufiez, et
al., 2019).

- Acquired Thrombophilia: Acquired thrombophilia, particularly antiphospholipid antibodies (aPLs), have
been implicated in RPL and other obstetric complications, but their role in RIF is less clear. Some studies

suggest an association between aPLs and RIF, while others do not. Due to the conflicting evidence, the
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guidelines of the Canadian Fertility and Andrology Society don’t support testing for inherited or acquired
thrombophilia in females with recurrent implantation failure (Chrisostomos, et al., 2021).

Endocrine factors in RIF:

- Luteal Phase Defect: Luteal phase defect, where inadequate corpus luteum function leads to suboptimal
progesterone levels, can impair endometrial preparation for implantation. However, robust evidence
supporting luteal phase defect as a direct reason for implantation failure remains deficient (Suthaporn, et al.,
2021).

- Supraphysiologic Estrogenic Milieu throughout Ovarian Stimulation: Controlled ovarian
hyperstimulation often results in elevated estrogen levels, which may lead to premature progesterone
elevation and asynchronous endometrial development, potentially hindering implantation. Studies have
shown disruptions in the endometrial transcriptome and histology in cycles with premature progesterone
elevation (Uppangala, et al., 2020).

- Supraphysiologic Estrogen Concentrations in Frozen Embryo Transfer Cycles: High estradiol levels
during artificial preparation cycles for frozen embryo transfer may affect the luteal transition and
implantation, though studies have not consistently demonstrated adverse effects on implantation success
(Mackens, et al., 2020).

- Length and Timing of Progesterone Administration in Frozen Embryo Transfer Cycles: Progesterone
exposure duration in frozen embryo transfer cycles is crucial for endometrial receptivity. However, the
prevalence of issues related to progesterone administration remains uncertain (Zhang, et al., 2023).

Granulocyte Colony-Stimulating Factor (G-CSF)

G-CSF is a cytokine primarily involved in stimulating the proliferation and differentiation of neutrophils
in the bone marrow. It also plays a role in promoting their release into the bloodstream and enhancing neutrophil
functions such as phagocytosis and oxidative processes. First discovered in rats in 1983 and later purified in
humans in 1986, granulocyte colony-stimulating factor interacts with its specific receptor found on various cells,
including myeloid progenitors, mature neutrophils, platelets, monocytes, and some lymphoid cells, as well as
non-hematopoietic cells involved endothelial and trophoblastic cells (Theyab, et al., 2021; Eftekhar, et al., 2018).

Emerging research highlights the significant role of G-CSF in pregnancy success. It is involved in
promoting embryo implantation, improving ovarian function, and enhancing endometrial thickening. G-CSF
also plays a key role in the pathophysiology of endometriosis, thereby reducing pregnancy loss. Its effects on
implantation have led to its consideration as a remedy for implantation failure. Additionally, G-CSF impacts
decidual macrophages, ovulation, and granulosa cell functions, in addition to enhancing stimulation of ovary in
poor responders, making it a useful marker for IVF outcomes and potentially predictive of oocyte or embryo
implantation success (Eftekhar, et al., 2016b; Miralaei, et al., 2019).

G-CSF is also implicated in several reproductive conditions, including luteinized unruptured follicle
(LUF) syndrome and recurrent spontaneous abortion. Its therapeutic potential in reducing repeated pregnancy
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loss and improving outcomes in women with repeated IVVF failure has been recognized. Furthermore, G-CSF has
a role in the development of early endometriotic lesions and has immunomodulatory effects that suppress
autoimmunity. Serum G-CSF levels remain elevated during pregnancy, with its production originating from fetal
chorionic villi and decidual tissues of the mother throughout the initial three months of pregnancy (Lian, et al.,
2020).

Function and biology of granulocyte-colony stimulating factor

Numerous cells in the female reproductive system, including fibroblasts, granulosa cells, macrophages,
natural killer cells, epithelial apical cells, and trophoblasts, produce G-CSF. On the surface of many different
cell types, such as B and T cells, endothelial cells, , and granulosa-lutein cells, the G-CSF receptor (G-CSFR) is
widely expressed. In the first trimester, syncytiotrophoblasts, cytotrophoblasts, and extravillous trophoblasts in
the placenta have considerable expression of both G-CSF and G-CSFR. Furthermore, invading stromal cells and
extravillous trophoblasts within the decidua contain G-CSF and its receptor (Ding, et al., 2021).

Within follicular fluid, G-CSF is predominantly expressed in granulosa cells. Research has shown that
G-CSF plays a key role in promoting stem cell migration, differentiation, and mobilization. It also regulates
endometrial regeneration through processes such as apoptosis and angiogenesis by binding to granulocyte-
colony stimulating factor receptor, which triggers various signaling pathways. Furthermore, G-CSF is vital for
metabolism of the placenta, formation of trophoblasts, decidualization of endometrial stromal cells, & ovulation.
These findings highlight the significance of granulocyte-colony stimulating factor in both abnormal & normal
pregnancies (Kamath, et al., 2017).

Role Of G-CSF in Curing Normal Infertile Females

Rates of implantation remain relatively low despite advancements in assisted reproductive technology.
An effective embryo transfer process, a receptive endometrium, and a high-quality embryo are all necessary for
successful implantation (Eftekhar et al., 2016a).

In a parallel, randomized, double-blinded, placebo-controlled clinical study by Barad et al., 73 normal
in vitro fertilization cases had granulocyte colony-stimulating factor, while sixty-eight others received a placebo.
The study showed that G-CSF treatment significantly increased endometrial thickness by 1.36 mm, but it did not
improve clinical pregnancy rates, implantation rates, or the overall success of IVF (Barad et al., 2014).

To further evaluate the impact of granulocyte colony-stimulating factor on in vitro fertilization results,
Eftekhar et al. (2016a) conducted research with infertile females who had normal endometrial thickness. Within
this study, 50 women received three hundred micrograms of transcervical intrauterine G-CSF on the day of
oocyte retrieval, while the other 50 women followed the standard IVVF protocol. The results revealed that G-CSF
treatment didn’t enhance chemical pregnancy, rates of clinical pregnancy, continued pregnancy, implantation,
or miscarriage in individuals undergoing routine I\VF who have normal endometrial thickness.

The mechanism of granulocyte colony-stimulating factor management in

reproduction

Previous studies recommend that G-CSF can play an important role in improving reproductive

4315|Page



N Role of Granulocyte Colony Stimulating Factor on Implantation in Women with Recurrent
%Ej P} Implantation Failure in ICSI Cycles
- £ SEEJPH Volume XXVI, S1, 2025, ISSN: 2197-5248; Posted:05-01-2025

outcomes, although the exact mechanism remains unclear. It has been shown that G-CSF administration may
rise endometrial thickness and elevate the expression of key proteins and molecules such as vimentin, cytokeratin
19, VEGF, PCNA, LIF, and vascular endothelial growth factor receptor-2. These changes promote endometrial
proliferation, angiogenesis, and DNA fragmentation, all of which are critical for implantation (Xie et al., 2020).

In experimental porcine models, G-CSF supplementation has been found to upregulate the expression
of genes associated with BCL2, PCNA, and POU5FL1in blastocyst samples. Furthermore, human endometrial
biopsies reveal which granulocyte colony-stimulating factor appears for modulating essential genes involved in
embryo adhesion, cell migration, tissue remodeling, and angiogenesis which are essential for successful
placentation & embryo implantation. These genes include granulocyte colony-stimulating factor receptor,
ITGB3, PLAUR, and TYMP (Cai et al., 2024).
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Figure (2): The mechanism of granulocyte colony-stimulating factor management in reproduction
(Genest et al., 2022).

Additionally, its effects on the blastocyst & endometrium, studies have shown that G-CSF influences
trophoblast function through the activation of key signaling pathways involved Erk1/2, PI3K/Akt, and p38.
These pathways enhance MMP-2 activity, VEGF secretion, and B1 integrin expression, while also promoting
trophoblast invasion and migration through epithelial-mesenchymal transition. G-CSF further promotes
trophoblast viability and proliferation via p38/Erk1/2 and Jak/STAT activation. Additionally, G-CSF-G-CSFR
interaction boosts VEGF secretion, aiding placental blood vessel formation, and modulates immune responses
by affecting lymphocytes, macrophages, T regulatory cell, and Th2 cells. It increases CD4+ and CD8+ T cell
levels, stimulates FOXP3 expression in Tregs, and upregulates granulocyte colony-stimulating factor, vascular
endothelial growth factor, and granulocyte colony-stimulating factor receptors on trophoblasts. Nevertheless,
further research is needed to fully understand the mechanisms through which G-CSF impacts reproduction (Ding
etal., 2021; Wen et al., 2019).
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G-CSF in women with RIF

The use of G-CSF in RIF was originally stated Scarpellini et al. (Scarpellini and Sbracia 2012) who
discovered that granulocyte colony-stimulating factor treatment greatly increased the pregnancy rate in RIF when
compared to the control group. This result was supported by later research. Further research, however, produced
negative results. G-CSF can significantly increase the pregnancy rate in patients with recurrent implantation
failure, according to several meta-analyse (Jiang, et al. 2020).

The effectiveness of subcutaneous versus intrauterine G-CSF perfusion in individuals with RIF was
assessed in retrospective research. The results showed that in RIF patients, systemic G-CSF treatment functioned
better than intrauterine perfusion. Additionally, their most current research showed which the combined injection
of systemic and intrauterine granulocyte colony-stimulating factor may increase the effect of granulocyte colony-
stimulating factor on outcomes of pregnancy. The effects of intrauterine granulocyte colony-stimulating factor
on pregnancy outcomes of 157 individuals with normal endometrium and recurrent implantation failure were
investigated in a recent randomized controlled experiment. They demonstrated that neither clinical pregnancy
rates nor live birth rates were improved by intrauterine G-CSF perfusion (Zeyneloglu, et al. 2020).

Furthermore, RIF patients may achieve comparable pregnancy outcomes to those of healthy women with
the administration of intrauterine perfusion of PRP combined with subcutaneous G-CSF injections. Currently,
there is a limited amount of high-evidence study about the utilization of G-CSF in cases with RIF, due to the
heterogeneity across individuals and the variations in granulocyte colony-stimulating factor dosage,
administration methods, and treatment duration reported. Consequently, additional high-quality evidence is
required to validate the therapeutic efficacy of granulocyte colony-stimulating factor in cases with RIF
(Dieamant, et al. 2019).

A multicenter, randomized, controlled trial by Aleyasin et al. indicates that the administration of a single-
dose systemic subcutaneous G-CSF before implantation may markedly enhance implantation and pregnancy
rates in infertile females with a history of recurrent IVF failure. (Aleyasin, et al. 2016a).

60 mg of G-CSF was administered daily to 109 cases with RIF in a randomized controlled study in 2012.
This regimen was continued for an extra forty days following a positive pregnhancy test. There was a highly
significant difference between the G-CSF group's clinical pregnancy rate per embryo transfer of 43.1% and the
placebo group's (saline injection) 21.6%. There were no negative side effects noted. Furthermore, there was a
notable difference in probabilities of pregnancy between day two and day five embryo transfers (Scarpellini and
Sbracia 2012).

The efficacy of transvaginal G-CSF perfusion in situations of repeated implantation failure was
evaluated by Eftekhar et al. (2016). Following intrauterine infusion of G-CSF, the intervention group
experienced a statistically significant improvement in pregnancy outcomes.

G-CSF for women with infertility
A randomized controlled study by Barad et al. found that intrauterine infusion of G-CSF didn't enhance

implantation or clinical pregnancy rates in fresh embryo transfer cycles among cases undergoing standard IVF
treatment. The conclusion that intrauterine G-CSF infusion did not improve pregnancy outcomes in healthy IVF
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women with sufficient endometrial thickness was supported by a different RCT. Consequently, it is unclear how
G-CSF injections affect the clinical pregnancy and loss rates in unselected infertile women undergoing IVF. G-
CSF is an immunogenic treatment that mainly stimulates neutrophil differentiation and proliferation while also
influencing decidual macrophages (Kamath, et al. 2020).

These patients have never had IVF cancellation or failure due to a thin endometrium. Therefore, the
results of these patients' pregnancies may not be affected by intrauterine G-CSF injections. However, in
individuals who have experienced two or more IVF failures, G-CSF medication may increase the clinical
pregnancy rate. By enhancing the fertilization capacity of oocytes through a local paracrine effect, G-CSF
supplementation significantly improves pregnancy outcomes in women who respond poorly to IVF. G-CSF may
benefit patients who have experienced two or more IVF failures when taken together, however its effectiveness
in treating healthy IVF patients is not very strong (Huang, et al. 2022).

Granulocyte colony-stimulating factor for other pregnancy-correlated illnesses

Granulocyte colony-stimulating factor may be a beneficial treatment for luteinized unruptured follicle
syndromes (LUFs), regarding previous research by Takeo Shibata et al. (Shibata et al. 2016). Recombinant G-
CSF given before human chorionic gonadotropin may be able to prevent ninety percent of luteinized unruptured
follicle syndromes in clomiphene citrate cycles. Granulocyte colony-stimulating factor treatment throughout
pregnancy may decreased the incidence of preterm birth and preeclampsia, according to research. The addition
of granulocyte colony-stimulating factor to culture medium significantly increases clinical pregnancy and
implantation rate, improves development and post-transfer survival, and decreases pregnancy loss as compared
to standard media. Furthermore, more research is needed to determine how G-CSF functions in other pregnancy-
related conditions.
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