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Introduction
Infertility is defined by the failure to achieve pregnancy after 

12 months or more of regular intercourse without contraception 
methods [1,2]. Globally, it is estimated that 15% of couples of 
reproductive ages suffer from infertility and seek for medical 
help [3]. Among couples presenting for the standard infertility 
evaluation, approximately 30-50% of them have been diagnosed 
with unexplained infertility [4]. The exact etiology underlying 
unexplained infertility is still unclear and its treatment relies on  

 
empirical methods [5]. Although, overall pregnancy rate in couples 
with unexplained infertility is rather high, some couples fail to 
conceive after several attempts causing adverse effects on quality 
of life and a heavy financial burden [6].

Increasing the efficacy of treatments in infertile patients, the 
administration of G-CSF as an adjuvant has recently attracted 
more attention due to its key roles in implantation and pregnancy 
maintenance [7-9]. G-CSF is a member of CSF cytokine family 
produced by hematopoietic cells, macrophages, trophoblast, 

ARTICLE INFO ABSTRACT

Purpose: To evaluate the effect of single-dose subcutaneous of G-CSF administration 
versus intrauterine infusion on IUI outcomes in patients with unexplained infertility.

Materials and Methods: This was a randomized clinical trial under tertiary setting 
at Infertility Clinic affiliated to Hormozgan University of Medical Sciences between Jun 
2020 and Dec 2020. One hundred and thirty-nine eligible patients, on the day of human 
chorionic gonadotrophin (HCG) administration, were randomized into 3 groups :(A) 
patients received 300µg G-CSF subcutaneously, (B)in this group, 300µg G-CSF was infused 
intrauterine, and (C) patients received no G-CSF treatment. Biochemical pregnancy and 
clinical pregnancy were measured and compared between groups.

Result: The pregnancy outcomes in women who received G-CSF increased in 
comparison to the control(p<0.05). Moreover, the results of our study showed that 
the chemical pregnancy and clinical pregnancy were higher in women who received 
intrauterine G-CSF infusion versus subcutaneous administration (respectively, 
24.4% vs 20% and 24.4% vs 15.55%) but these differences were not statistically 
significant(p>0.05).

Conclusion: G-CSF can conceivably improve pregnancy outcomes. Intrauterine route 
appears to be more effective than subcutaneous. However, Further studies with higher 
sample size are needed to establish the best route of G- CSF administration in particular 
with regards to women with unexplained infertility undergoing IUI.
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and NK cells [10]. G-CSF and its receptors are also expressed in 
reproductive tract, especially in follicular cells and at the maternal-
fetal interface during the time of implantation and early pregnancy 
[11]. This cytokine and other members of the CSF family are 
involved in preparing a local immune environment for a successful 
implantation. Further, G-CSF is associated with dendritic cell 
maturation, blastomere viability, and Th-2 cytokine secretion. 
Finally, G-CSF plays an important role in tolerance maintenance at 
the utero-placental interface through regulatory T cell activation 
[11,10].

Based on the evidence that G-CSF contributed to implantation, 
several authors demonstrated that administration of G-CSF 
before implantation increased the IVF success, implantation, and 
pregnancy rate in women with unexplained recurrent miscarriage 
or implantation failure [7,9,12]. while, other studies did not find an 
improvement in implantation rate, or clinical pregnancy rate after 
ART with G-CSF administration [13,14]. However, large, randomized, 
controlled trials will help to overcome the discrepancies of 
G-CSF efficacy in infertile patients. The administration of G-CSF 
in patients with unexplained infertility undergoing IUI is less 
common and less extensively documented in literature. In addition, 
systemic administration of G-CSF is thought to be more effective 
than intrauterine infusion [13]. We conducted this investigation 
on patients with unexplained infertility to examine the efficacy of 
subcutaneous G-CSF administration versus local infusion on IUI 
success, biochemical, and clinical pregnancy rates.

Materials and Methods
This prospective randomized clinical trial study 

(IRCT20200303046688N1) was approved by the Ethics Committee 
of Hormozgan University of Medical Sciences (IR.HUMS.
REC.1398.443) and carried out in compliance with the Helsinki 
Declaration. In addition, signed informed consent was obtained 
from all patients prior to participation. The study was conducted on 
200 patients aged ≤ 38-year candidates for IUI due to unexplained 
infertility (consistent with the World Health Organization criteria) 
at Hormozgan university infertility center, between Jun 2020 and 
Dec 2020. All patients with hCG day endometrial thickness <7 mm, 
known causes of infertility, congenital or acquired uterine anomaly 
including polyp, myoma, intrauterine adhesions, presence of 
contraindications for G-CSF treatment (sickle cell disease, chronic 
neutropenia, renal insufficiency, present malignancy, pneumonia), 
and abnormal semen parameters were excluded from the study.

Approximately 12 h before hCG administration, all patients 
who met the inclusion criteria of the study were randomly divided 
into 3 groups: A (n= 47); 300µg G-CSF (0.5ml) (Neupogen, Roche) 
subcutaneously administrated, B (n=47);300µg G-CSF was 
administered into the fundus of the uterus using an IUI catheter, 
and C(n=45); the cycle were continued without G-CSF infusion. 

Randomization was done by a computer-generated randomization 
block table. Controlled ovarian stimulation was performed with 
combination of letrozole and rFSH (Gonal-f; Merck Serono). Briefly, 
all recruited patients received letrozole (Iran hormone, Tehran, 
Iran) at a dose of 2.5 mg twice a day for 5 days from day 3 of 
menses. Intramuscular injection of Gonal-f 150 IU was done every 
day starting from day 8.

 When there was at least one follicle ≥18 mm (average of 
diameter measured in three dimensions), 5000 IU hCG (Ovitrelle, 
Merck Serono) was injected subcutaneously to trigger ovulation. 
36h later, IUI was performed, and all patients received luteal phase 
support as 90mg/day of Crinone gel (Merck Serono, UK) starting on 
the day of IUI. Biochemical pregnancy was evaluated two weeks later, 
and clinical pregnancy was defined as the presence of a gestational 
sac on ultrasound performed 5 weeks after hCG injection. Statistical 
analysis was performed using the SPSS, V.16 (SPSS Inc., Chicago, IL, 
US). The distribution of data was analyzed by Kolmogorov-Smirnov 
test. Data were expressed as mean ± standard deviation (SD) and 
percentage. Continuous and categorical variables were compared 
between groups by one-way analysis of variance (ANOVA) and the 
chi-square test. p values <0.05 were considered to be statistically 
significant.

Result
The Consolidated Standards of Reporting Trials (CONSORT) 

diagram of the participants was shown in Figure 1. In total, 
200 women with unexplained infertility were evaluated for 
participation in this study. Of these, 61 patients were excluded 
because of non-eligibility for entering the study. The eligible 
women (139 patients) were randomly assigned to three groups 
including: subcutaneously G-CSF administration group (A, n=47), 
intrauterine G-CSF infusion (B, n=47), and control group (C, n=45). 
Two women from B group refused to receive allocated intervention 
due to personal reasons and two women in A group did not inform 
the pregnancy tests. Finally, the cycle outcomes of 135 patients in 
three groups were compared. The demographic characteristics are 
presented in Table 1. There were no significant differences among 
study groups regarding age, BMI, FSH, TSH, PRL, and number 
of follicles (p>0.05). The biochemical pregnancy and clinical 
pregnancy were significantly different among group (p=0.048, p= 
0.044, respectively) (Table 2).

In addition, Table 3 compares the pregnancy outcome of the 
two groups to whom G-CSF was administered as local infusion 
or subcutaneous injection. The chemical pregnancy rate was 
apparently higher in group with local infusion than subcutaneous 
group (24.4% vs 20%, p=0.460). The clinical pregnancy rate was 
also higher in the group with local infusion than subcutaneous 
group (24.4% vs 15.55%, p=0.322) but these differences were not 
statistically significant(p>0.05).
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Figure 1: The study flowchart.

Table 1: Comparison of demographic data between groups.

Variables Group A (SC 
Administration)

Group B (IU 
Administration) Group C (Without G-CSF) p Value

Age(years) 27.96±4.46 28.42±5.63 26.96±4.33 0.505

BMI (kg/m2) 23.6±1.66 22.68±2.69 22.87±1.52 0.433

FSH (mIU/ml) 5.34±2.18 4.91±2.99 4.81±1.95 0.692

PRL (ng/ml) 133.53±179.57 82.61±111.50 126.12±128.75 0.429

TSH (mIU/ml) 2.28±1.15 2.51±0.84 2.69±1.18 0.383

Number of follicles 2.12±0.93 1.82±0.98 1.83±0.83 0.413

Table 2: Comparison of reproductive outcomes between groups after intervention.

Variables Group A (SC 
Administration)

Group B (IU 
Administration) Group C (Without G-CSF) P Value

Biochemical pregnancy 9 (20%) 11 (24.4%) 6 (13.3%) 0.048*

Clinical pregnancy     7 (15.55%) 11(24.4%)         3(6.66%) 0.044* 

Note: Data are presented as n (%). IU: Intrauterine, SC: Subcutaneous; *Significance values
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Table 3: Comparison of reproductive outcomes between two intervention routes.

Variable Group 1 (SC Administration) (n=45) Group2 (IU Administration) (n=45) P Value

Biochemical pregnancy 9 (20%) 11 (24.4%) 0.46

Clinical pregnancy 7 (15.55%) 11(24.4%) 0.322

Note: Data are presented as n (%). IU: Intrauterine, SC: Subcutaneous

Discussion
Unexplained infertility refers to failure to achieve a pregnancy 

without an obvious cause [4]. Although the exact etiology 
underlying unexplained infertility is still unclear but inadequate 
endometrial receptivity is thought to be related to the etiology 
of unexplained infertility [15]. Therefore, identifying key factors 
that are involved in endometrial remodeling and implantation 
process could provide a promising tool in treatment of women with 
unexplained infertility or implantation failure. These observations 
that serum level of G-CSF continuously increases from the day of 
embryo transfer to the day of implantation and from the day of 
confirmation of pregnancy to gestation [16], and infertile women 
with implantation failure express the lower level of G-CSF receptors 
at the maternal-fetal interface [17] attracted the attentions toward 
this glycoprotein with growth factor and cytokine functions. 
Evidence have illustrated that G-CSF is involved in the following 
events during implantation and pregnancy which include.

a)	 Trophoblast proliferation and invasion.

b)	 Blastocyst growth and development. 

c)	 Embryo-endometrial interaction, and 

d)	 Modulation of essential genes involved in embryo 
attachment, apoptotic activity, cell migration, tissue and vascular 
remodeling [17]. 

G-CSF has also been found to promote maternal tolerance 
to the semi-allogenic embryo through shifting the inflammatory 
balance towards an anti-inflammatory Th2 response, T regulatory 
cells enhancement, and tolerogenic dendritic cell differentiation 
[18]. Due to the safety of G-CSF application in pregnancy [19] 
and no reported major side effects, Gleicher used the G-CSF for 
the first time in treatment of four unresponsive women with thin 
endometrium, and a pregnancy was achieved in all four patients 
[20]. since that, several clinical trials have conducted to evaluate 
the effect of G-CSF on IVF outcomes [9,12,7]. Some investigators 
have demonstrated the effectiveness of G-CSF administration in 
improving the reproductive outcomes in IVF / ICSI / FET cycles [9, 
21,22], even though, others found no treatment benefit of G-CSF 
in assisted reproductive technology (ART) [13,14,23]. To give a 
better answer to this topic under debate, a recent meta-analysis 
study in women with unexplained, repeated implantation failure 
(RIF) revealed the favorable effect of G-CSF on the implantation 
rate and clinical pregnancy rate, especially when administrated by 
subcutaneous injection [24]. However, other published systematic 

review that included 15 trials containing 1253 sub fertile women 
undergoing assisted reproduction declared the administration of 
G-CSF is effective only in women with two or more previous IVF 
failure history [25], and its effectiveness in other sub fertile women 
is unclear.

At present, scientific data regarding the application of G-CSF 
and the best route of its administration for infertile women trying 
to get pregnant through IUI is very limited. In present study, 
we found that G-CSF improves the biochemical and clinically 
pregnancy rates in patients with unexplained infertility after IUI 
compared to control. Our findings are in consistence with those 
from the only previous RCT in IUI cycle [26] which reported that the 
subcutaneous G-CSF injection is associated with the improvement 
in implantation and pregnancy rate. However, their results were 
not statistically significant. Since two studies are very similar in 
many characteristics such as selected patient population, dose of 
G-CSF administration, type of infertility, having normal endometrial 
thickness, and stimulated protocol, it seems that the difference in 
time of administration (on trigger day in current study versus two 
days after IUI) has affected the results.

In a follow up study carried out by Gleicher et al., 21patients with 
unresponsive thin endometrium resistant to standard therapies 
were treated with intrauterine G-CSF instillation, resulting in 
significant endometrial expansion and a 19.1% ongoing pregnancy 
rate [22]. Another study by Kalem et al. intrauterine G-CSF 
administration in RIF patients with normal endometrial thickness 
were investigated, and it was reported that the intervention of 
G-CSF administration did not change the endometrial thickness, 
clinical pregnancy rates, or live birth rates. However, this study 
is not comparable to our study because of difference in selected 
population, dose of G-CSF, and stimulation protocol. The duration 
and time of drug administration, G-CSF dosage, the route of 
administration, the patient age, and the cause of infertility are 
thought to be the main factors which can impact the results. 
Additionally, we observed the local infusion of G-CSF seems to be 
more effective than subcutaneous administration, however our 
data was not statistically significant. In contrast, a most recently 
meta- analysis by Jiang et al. has concluded that both intrauterine 
and subcutaneous injection of G-CSF can improve implantation and 
clinical pregnancy rate, but the subcutaneous injection appears to 
be superior to intrauterine instillation for unexplained RIF patients. 
We cannot accurately estimate the reasons behind our observation 
regarding the route of administration, but at least, we speculate 
intrauterine route can provide a desire environment around 
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the implantation site by creating a higher local concentration. 
However, it is important to notice that there is a lack of data on the 
straight comparison between different routes of administration in 
patients with normal endometrium undergoing IUI and this issue 
can be considered as a strength of current study. Further, the main 
limitations of our study were absence of blinding due to the nature 
of the study. Moreover, no placebo was involved in the research, 
therefore, we cannot omit the endometrial injury effect that could 
potentially influence the results of the study. In addition, we did not 
evaluate the live birth rate and miscarriage in all groups that could 
help to interpret the results with more validity and establishing the 
safety of G-CSF administration.

Conclusion
Our results provided further support for the beneficial effect 

of G-CSF on pregnancy outcomes in women with unexplained 
infertility undergoing IUI, especially when administrated 
intrauterine. However, no evidence favoring a specific route of 
G-CSF administration in women with unexplained fertility and 
normal endometrial thickness was found, and further trial studies 
with larger sample size are needed to elucidate this issue.
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