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ackground: One of the most critical challenges to mothers during pregnancy is the implantation of a 

semi-allogeneic fetus. Granulocyte Colony Stimulating Factor (G-CSF) is a polypeptide glycoprotein 

mainly used in hematological diseases and post-chemotherapy, but it has recently gained some 

popularity as an immune-modulating agent in reproductive medicine. The study aimed to define the 

influence of repeated subcutaneous G-CSF administration in infertile females undergoing intracytoplasmic 

sperm injection.  

Methods: Ninety patients were recruited from an outpatient infertility clinic and divided into two groups on 

the day of embryo transfer. The control group (49 patients) received no extra intervention. In comparison, the 

G-CSF group (41 patients) received a subcutaneous injection of G-CSF the first hour after embryo transfer, 

followed by weekly injections until a positive fetal heartbeat was detected. 

Results: In the G-CSF group, the implantation rate was 20.4% compared to 7.6% in the control. In the control 

group, the rates of both chemical and clinical pregnancy were 18.4%, whereas they were 48.8% and 43.9%, 

respectively, in the G-CSF group. 

Conclusion: The multiple doses of G-CSF significantly enhanced implantation and pregnancy rates, so it is 

considered a promising agent in reproductive medicine. 
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Introduction 

A zona-free blastocyst is said to have been implanted 

when it was attached to the endometrium and then 

penetrated there [1]. The period when the 

endometrium is best prepared for implantation is 

known as the "window of implantation," and it lasts for 

3-5 days, starting 6–10 days after ovulation. [2]. When 

the endometrium reaches receptivity, one of the most 

significant changes is the plasma membrane's 

conversion from a non-adhesive to an adhesive surface 

[3]. Other significant changes include the remodeling of 

the endometrial barrier function and the replacement 

of the microvilli in the apical membrane with 

ectoplasmic projections known as pinopodes [4]. The 

growing embryo will enter the uterus through the 

fallopian tube simultaneously. The embryo begins to 

produce a variety of substances in the uterus that will 

aid in attachment [5]. 

Natural synchrony is frequently lost with controlled 

ovarian stimulation in an IVF cycle because the 

stimulation parameters cause an earlier increase in 

serum progesterone [6]. The window for implantation 

shifts as a result of hormonal signals that turn on the 

start of secretory transformation earlier than expected 

[7]. As a result, before the embryo reaches complete 

maturity, the endometrium is ready for the embryo 

implantation event [8]. 

Bone marrow cells, stromal cells, fibroblasts, 

macrophages, endometrial cells, and natural killer cells 

all produce the polypeptide glycoprotein known as 

granulocyte colony-stimulating factor (G-CSF) [9]. 

Granulocyte colony-stimulating factor is secreted in 

the reproductive tract in three distinct ways: first, by 

the granulosa cells during ovulation, which promotes 

follicular development, steroidogenesis, and activation 

of leucocytes needed for ovulation [10]; second, by 

endometrium cells at the luteal phase, which results in 

vascular reconfiguration and decidualization; and 

third, by the placenta during pregnancy, which 

supports placental and embryonic development and 

maintains pregnancy [11]. The endometrium and the 

luteinized granulosa cells of the completely mature 

follicle exhibit increased expression of G-CSF receptors 

from ovulation to implantation. The content of G-CSF 

also increases over the same period of time in both the 

blood and the follicular fluid [12]. From the day the 

embryo is transferred to the day of embryo 

implantation, and then again once the pregnancy is 

confirmed and beyond, serum levels gradually increase 

over the course of the gestation [13]. 

Granulocyte colony-stimulating factor therapy has 

shown some promise for women with recurrent 

miscarriage and implantation failure [14], but further 

research is needed to determine the best protocol for 

administering it [15]. 

Methods 

Ethical Approval 

The High Institute for Assisted Reproductive 

Technologies and Infertility Diagnosis at Al-Nahrain 

University was the site of the current prospective 

comparative study. the study included 90 patients with 

a prior history of unsuccessful ICSI/embryo transfer 

rounds. All participants received detailed information 

regarding how to administer G-CSF, and after providing 

written consent, they agreed to receive systemic G-CSF 

treatment.  

Sample Size and Calculations 

All participants underwent basal hormonal screening 

and ultrasonography on cycle day two. Gonadotropin 

was used to initiate ovarian stimulation, and the 

dosage was adjusted based on the patient's clinical 

characteristics (age, body mass index (BMI), and antral 

follicle count). Gonadotropin-releasing hormone 

(GnRH) antagonist (Cetrotide, 0.25 mg, Merck-Serono, 

Switzerland) was introduced daily when the leading 

follicle reached a diameter of 14 mm. Estradiol 

measurements and transvaginal ultrasound were used 

to track the growth of the follicle. Oocyte pick-up took 

place 36 hours after human chorionic gonadotropin 

induced the final stage of oocyte maturation. Intra-

cytoplasmic sperm injection ICSI was carried out 

following denudation of the oocyte-cumulus 

complexes. Embryo transfer was done three to five days 

after oocyte retrieval operations. The patients were 

split into two groups on the day of the embryo transfer. 

The control group (49 females) followed the 

intracytoplasmic sperm injection protocol without any 

additional interventions. In comparison, the G-CSF 

group (41 females) received 300 µg of recombinant 

human G-CSF subcutaneous injection (Reliance®, 

Filgrastim TM, Life Sciences Ltd., India) one hour after 

the embryo transfer and then once a week until a 

positive fetal heartbeat was detected. Vaginal 

progesterone suppositories helped with the luteal 

phase.  Implantation rate was determined by dividing  

the total number of transferred embryos by the number 

of gestational sacs seen by transvaginal 

ultrasonography at the fifth week of pregnancy [12]. 

Measuring  human chorionic gonadotropin (hCG) level 

in the serum was performed 14 days after fresh embryo 

transfer to confirm the chemical pregnancy [16]. 

Clinical pregnancy was assessed five weeks following 

embryo transfer by confirming the presence of a 

gestational sac with a positive fetal heartbeat [17]. 

Immunogenicity and safety analysis 

Forty-one patients received five subcutaneous doses of 

G-CSF, and forty-nine patients did not receive any 

treatment outside the conventional ICSI protocol. All 
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patients in both groups were asked about the common 

side effects of G-CSF, including fever, allergy, bone 

pain, fatigue, headache, nausea, chest pain, dyspnea, 

diarrhea, and congenital abnormalities in newborns.  

Statistical Analysis  

The Statistical Package for Social Sciences (SPSS) 

version 26 was used to conduct the analysis.  

Categorical data were presented as means±SD and 

ranges, while continuous data were reported as 

frequencies and percentages. a two-tailed paired t-test 

was used to compare the continuous variables. 

Categorical variables were subjected to the Chi-square 

test. A P ≤ 0.05 was regarded as significant. 

Results 

This study includes ninety patients, divided into two 

groups. In the control group, forty-nine patients did 

not receive G-CSF, and forty-one patients in the G-CSF 

group received five doses of G-CSF weekly from the day 

of embryo transfer until a positive fetal heartbeat after 

obtaining written consent from all patients 

participating in the study. 

 Table 1 displays the age, BMI, and infertility types of 

the females for the control and G-CSF groups, and as 

seen from (p values > 0.05), there were no significant 

differences between both groups. Table 2 displays the 

baseline hormonal levels, which include FSH, LH, TSH, 

E2, and serum prolactin, and as seen from the p-

values> 0.05, there were no significant differences 

between the two groups. Table 3 displays the oocyte 

features, which are the total number of 

oocytes, metaphase I, metaphase II, and germinal 

vesicle. According to p-values, there were no 

significant differences between the control and G-CSF 

groups. 

Parameters Mean ± SD Control  (N=49) G-CSF  (N=41) P- value 

Age  (years) 31.84 ± 5.96 31.49 ± 5.55 0.77 Ɐ  NS 

BMI (kg/m²) 28.95 ± 4.05 28.66 ± 4.27 0.89 Ɐ NS 

Infertility Types n. (%) 

Primary 

 

39 (79.6%) 35 (85.3%) 0.267 Ꞓ NS 

Secondary 10 (20.4%) 6 (14.7%) 

 Mean ± SD: mean± standard deviation, N: number, BMI: body 
mass index, NS: not significant.  
Table 1: Demographic features for the control and the G-CSF 
groups. 

Parameters Mean ± SD Control (N=49) G-CSF  (N=41) P-value 

(Ɐ) 

FSH (IU/L) 5.81 ± 1.93 5.70 ± 1.91 0.066 NS 

LH (IU/L) 4.83 ± 1.59 4.54 ± 1.54 0.154 NS 

TSH (mIU/L) 1.90 ± 0.55 1.79 ± 0.91 0.063 NS 

E2 (pg/ mL) 25.94 ± 8.56 25.57 ± 10.77 0.078 NS 

Prolactin (ng/ml) 19.03 ± 6.49 20.56 ± 5.59 0.116 NS 

Mean ± SD: mean± standard deviation, N: number, FSH: 
follicular-stimulating hormone, LH: luteinizing hormone, TSH: 
thyroid-stimulating hormone, E2: estradiol. 
Table 2: Hormonal levels for the control and the G-CSF groups. 

Parameters Mean ± SD Control  

( N=49) 

G-CSF  

( N=41) 

p-value 

Total Number of Oocytes 11.74 ± 5.59 10.19 ± 5.11 0.754 Ɐ NS 

Metaphase II 7.20 ± 4.71 6.52 ± 4.10 0.440 Ɐ  NS 

Metaphase I 1.31 ± 1.46 1.32 ± 1.30 0.652 Ɐ NS 

Germinal Vesicle 1.74 ± 1.75 2.03 ± 1.89 0.792 Ɐ NS 

Mean ± SD: mean± standard deviation, N: number. 
Table 3: Oocyte characteristics for the control and the G-CSF 
groups 

Figures 1 and 2 demonstrate that the G-CSF group 

has higher implantation and pregnancy rates (chemical 

and clinical), with p-values of 0.003, 0.002, and 0.008, 

respectively. As seen from the p-values, there were 

significant differences between the control and G-CSF 

groups. 

 
Figure 1: Implantation Rate Percentage for the Control and the 
G-CSF Groups. 

 
Figure 2: Pregnancy Rate Percentage for the Control and the G-
CSF Groups. 

Regarding drug safety, only one patient in the G-CSF 

group developed a mild fever with the first dose of G-

CSF, which was treated with a paracetamol tablet (500 

mg/8 hours) orally for three days, and no further fever 

occurred after subsequent G-CSF doses in the same 

patient. 
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Discussion 

The onset and maintenance of a healthy pregnancy 

require several different factors, including cytokines 

and chemokines [18]. Cell proliferation, immunological 

tolerance, and the creation of conditions for embryonic 

development, differentiation, and function can all be 

regulated by cytokines [19]. Due to the fetus's semi-

allogenic origin, pregnancy poses an immunological 

challenge to mothers [20]. According to Gao et al., G-

CSF may play a part in the creation of adaptive changes 

that promote immune tolerance. It encourages the 

development of tolerogenic dendritic cells and 

regulatory T-cells that produce IL-10, which are crucial 

components of the immunoregulatory mechanisms 

that take place throughout the implantation phase [21]. 

Furthermore, it alters the pattern of T-cell cytokine 

production for Th2 responses [22]. The High Institute 

for Infertility Diagnosis and Assisted Reproductive 

Technologies has approved the trial. Signed consent 

was obtained from each patient receiving G-CSF. There 

are ninety individuals in the study: forty-nine patients 

in the control group and forty-one patients in the G-

CSF group. Patients who get G-CSF have noticeably 

better chances of implantation and pregnancy, 

according to Zhang and his colleagues [23]. In a 

systematic review, Liu and his associates found that 

giving G-CSF in multiple dosages and subcutaneously 

produced better results [24]. Sen and Khastgir 

concluded that a multiple dose of G-CSF has a more 

significant effect than a single dose on the rate of 

implantation and pregnancy [25]. These study results, 

which demonstrate that the G-CSF group has greater 

implantation and pregnancy rates (chemically and 

clinically), are consistent with this. Gao and his 

coworkers provide evidence that G-CSF helped to 

maintain pregnancy and decreased the rate of abortion, 

indicating that it might be utilized as a treatment for 

those who suffer repeated abortions [26]. These 

findings agree with the current study, which shows that 

the G-CSF group has a higher rate of implantation and 

pregnancy rates. However, G-CSF can increase 

implantation and pregnancy rates while not affecting 

abortion rates, according to research by Torky and 

colleagues [27]. The use of G-CSF during fresh or frozen 

IVF cycles has been found to dramatically increase the 

rate of pregnancy, according to Miralaei and his 

colleague [28]. This is consistent with the findings of 

this study, which demonstrated significantly increased 

rates of pregnancy and live birth among those who 

received G-CSF subcutaneous injections in multiple 

doses. Before G-CSF can be recognized as a 

conventional treatment for patients with recurrent 

implantation failure, more research on its use and 

efficacy is required [22]. According to specific research, 

it is still unclear whether G-CSF helps patients with 

repeated implantation failure achieve successful 

implantation [29]. 

Only one patient in the multiple G-CSF group 

developed a mild fever with the first dose of G-CSF, 

which was treated with paracetamol tablet 500 mg/ 8 

hours orally for three days, and no further fever 

occurred after subsequent G-CSF doses in the same 

patient. This is consistent with the findings of Li et al. 
[15], who conducted a meta-analysis of six studies on 

the G-CSF effect in infertile females and discovered 

that none of the included studies mentioned any 

significant side effects of G-CSF, and all concluded that 

it was a safe drug. 

Multiple doses of G-CSF subcutaneous injection have 

been shown to improve clinical ICSI outcomes 

(implantation and both chemical and clinical 

pregnancy rates). In the field of reproductive medicine, 

G-CSF is regarded as a promising medication. 
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