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Objective: The study aimed to investigate the efficacy of intrauterine instillation of granulocyte colony-stimulating factor (G-CSF) on the day of
ovulation triggering or oocyte retrieval in infertile women with a thin endometrium.

Methods: Fifty women whose endometrial thickness (EMT) was <8 mm at the time of triggering during at least one previous in vitro fertiliza-
tion (IVF) cycle and an index IVF cycle were selected. On the day of triggering (n=12) or oocyte retrieval (n =38), 300 pg of G-CSF was instilled
into the uterine cavity.

Results: In the 50 index IVF cycles, the mean EMT was 7.2 + 0.6 mm on the triggering day and increased to 8.5+ 1.5 mm on the embryo trans-
fer day (p <0.001). The overall clinical pregnancy rate was 22.0%, the implantation rate was 15.9%, and the ongoing pregnancy rate was 20%.
The clinical pregnancy rate (41.7% vs. 15.8%), the implantation rate (26.7% vs. 11.7%), and the ongoing pregnancy rate (41.7% vs. 13.2%) were
higher when G-CSF was instilled on the triggering day than when it was instilled on the retrieval day, although this tendency was likewise not
statistically significant. Aspects of the stimulation process and mean changes in EMT were similar in women who became pregnant and wom-
en who did not.

Conclusion: Intrauterine instillation of G-CSF enhanced endometrial development and resulted in an acceptable pregnancy rate. Instillation of
G-CSF on the triggering day showed better outcomes. G-CSF instillation should be considered as a strategy for inducing endometrial growth
and good pregnancy results in infertile women with a thin endometrium.
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citrate, congenital anomalies such as Turner syndrome, or previous
radiotherapy [1]. However, a thin endometrium has occasionally
been observed in some patients participating in vitro fertilization
(IVF) cycles despite the absence of demonstrable causes. The inci-
dence of thin endometrium (<7 mm) has been reported to be 2.4%
in IVF cycles [2]. Thin endometrium has been suggested to be associ-

Introduction

A thin endometrium can result from intrauterine adhesions after
infection or curettage, the use of oral contraceptives or clomiphene
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ated with poor IVF success rates. The odd ratios for achieving preg-
nancy through IVF in women with a thin endometrium have been
reported to exhibit wide variability, ranging from 0.04 to 0.73 in
women with endometrial thickness (EMT) <7 mm compared with
women with EMT >7 mm [2].

The suggested treatment strategies for unexplained thin endome-
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trium include high-dose estrogen supplementation, vaginal silde-
nafil, low-dose aspirin, pentoxifylline, or tocopherol. Although such
medical treatments are sometimes effective, some women still do
not respond. Conclusive evidence is still lacking regarding their ther-
apeutic effects on the endometrium [1].

Intrauterine instillation of granulocyte colony-stimulating factor (G-
CSF) to promote endometrial development was first proposed by
Gleicher et al. [3] in 2011. In four women with persistent thin endo-
metrium (3—-6.2 mm) despite conventional therapies including estro-
gen and a vasodilator, 300 pg of G-CSF was instilled into the uterine
cavity 2 to 9 days before embryo transfer [3]. All endometria devel-
oped to be thicker than 7 mm (range, 7.3-10.2 mm), and embryo
transfer was therefore attempted. All four patients conceived there-
after, but an intramural ectopic pregnancy occurred in one woman.
In a subsequent prospective cohort study by the same authors, 21
women who showed EMT <7 mm at the time of triggering in previ-
ous IVF cycle(s) were recruited and 300 pg of G-CSF was instilled into
the uterine cavity 6 to 12 hours before human chorionic gonadotro-
pin (hCG) triggering in the next IVF cycle [4]. The endometria became
thicker than 7 mm in all women, the mean EMT increased from 6.4
mm before instillation to 9.3 mm at the time of embryo transfer, and
pregnancy was achieved in four patients (19.1%).

In a subsequent study, 300 pg of G-CSF was instilled in the same
manner as in Gleicher et al’s report [4] (6—12 hours before hCG trig-
gering) in 37 women who showed an EMT <7 mm at the time of
triggering in previous IVF cycles [5]. The mean EMT was 6.7 mm be-
fore infusion and increased to 8.4 mm after infusion; the pregnancy
rate was 18.9%.

Three studies have been performed of G-CSF instillation in fresh IVF
cycles in women with a thin endometrium and have reported rela-
tively favorable pregnancy rates; however, no well-designed ran-
domized controlled trials have been published [3-5]. Therefore, the
effectiveness of G-CSF instillation for infertile women with a thin en-
dometrium has not been conclusively established. Furthermore, it is
still unknown whether G-CSF should be instilled on the triggering
day or the oocyte retrieval day and whether G-CSF instillation is ben-
eficial in specific groups. In the initial study by Gleicher et al. [3], G-
CSF was instilled 2 to 9 days before embryo transfer. In subsequent
studies, G-CSF was instilled 6 to 12 hours before triggering [4,5].

In our center, G-CSF was usually instilled on the morning of the trig-
gering day or immediately after oocyte retrieval according to the cli-
nician’s preference. Herein, we report our experience with the intra-
uterine instillation of G-CSF in women with a persistently thin endo-
metrium in a fresh IVF cycle. We compared endometrial changes and
pregnancy outcomes according to whether G-CSF was instilled on
the triggering day or on the oocyte retrieval day.
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Methods

1. Subjects

A retrospective study was performed after receiving approval from
the Institutional Review Board (IRB) of Ellemedi Women'’s Clinic,
Changwon, Korea (IRB no. EOG-2016-02). We selected 50 women
with an EMT <8 mm at the time of hCG triggering during at least
one previous IVF cycle and an index IVF cycle. We informed all wom-
en about the off-label use of G-CSF and only included participants
who consented to this study design. All index IVF cycles were per-
formed from May 2015 to May 2016.

All women underwent diagnostic hysteroscopy prior to an index
IVF cycle, and intrauterine synechiae were absent in all women. En-
dometrial polyps were identified and removed in 18 women. Thus,
no participants had uterine or endometrial abnormalities except for
a thin endometrium at the time of the index IVF cycle. Vaginal silde-
nafil was attempted in five women prior to an index IVF cycle, but no
endometrial improvement occurred.

The mean age of the participants was 38.2 £ 4.2 years (range, 29-47
years), and age of their husbands was 38.0 +4.2 years (range, 29-45
years) at the time of the index IVF cycle. The participants did not have
any history of endocrine disorders or systemic diseases such as
chronic neutropenia, sickle cell disease, or renal disease. Twenty-four
women had at least one child. The indications for IVF were unex-
plained infertility (n=18), decreased ovarian reserve or age factor in-
fertility (n=16), tubal infertility (n=10), male factor infertility (n=4),
endometriosis (n= 1), and polycystic ovary syndrome (n=1).

2. IVF protocol and G-CSF instillation

Controlled ovarian stimulation was performed using urinary or re-
combinant follicle-stimulating hormone (FSH), with or without letro-
zole, beginning on day 3 of the menstrual cycle. The pituitary was
suppressed by a gonadotropin-releasing hormone (GnRH) antago-
nist protocol (n=27) or a luteal long protocol of GnRH agonist
(n=19). A modified natural IVF cycle without pituitary suppression
was performed in four women. When dominant follicles averaged 19
mm in diameter, ovulation was triggered by a dual method (GnRH
agonist and low-dose hCG) (n=39), urinary or recombinant hCG
(n=10), or a GnRH agonist protocol (n=1). Ultrasound-guided re-
trieval of oocytes was performed 35 to 36 hours later.

Sperm quality was defined as normal (n=41) when the semen pa-
rameters were within the World Health Organization (WHO) reference
values regardless of the patient’s diagnosis. Samples with parameters
outside the WHO criteria, but not requiring intracytoplasmic sperm
injection (ICSI), were classified as subnormal, while abnormal sperm
samples (n=6) were defined as those that required ICSI.

G-CSF (300 pg/1 mL of Leucostim; Dong-A Pharmaceutical, Seoul,
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Korea) was administered into the uterine cavity by using a soft embryo
transfer catheter on the morning of the triggering day (9-12 hours be-
fore hCG triggering) (n=12) or immediately after oocyte retrieval
(n=38). The embryos were transferred 3 days (n=41) or 5 days (n=9)
after oocyte retrieval. EMT was measured both on the morning of the
triggering day and just before embryo transfer. Luteal phase support
was performed through vaginal progesterone (100 mg of Lutinus
twice a day; Ferring Pharmaceuticals, Saint-Prex, Switzerland) from the
oocyte retrieval day until 9 weeks of gestation. Clinical pregnancy was
defined as the presence of at least one intrauterine gestational sac
(GS). Ongoing pregnancy was defined as a pregnancy that continued
over 12 weeks of gestational age. Clinical miscarriage was defined if
the pregnancy terminated before 12 weeks of gestational age.

Clin Exp Reprod Med 2016;43(4):240-246

3. Statistical analysis

The changes in EMT and the outcomes of IVF were compared be-
tween the groups of intrauterine instillation of G-CSF on the day of
ovulation triggering or oocyte retrieval. The outcomes of IVF were
compared between day 3 and day 5 transfer cycles, and between
pregnant and non-pregnant cycles. The cycles with EMT 7 mm or less
versus greater than 7 mm on the day of triggering were compared,
either. Statistical analysis was performed using SPSS ver. 22.0 (IBM
Co., Armonk, NY, USA). The parametric Student’s t-test or the non-
parametric Mann-Whitney U test was used to compare the means.
The data were presented as mean +standard deviation and non-
parametric data were presented as median (95% confidence inter-
val). The chi-square test or the Fisher exact test was used to compare
proportions, as appropriate. The p-values <0.05 were considered to
indicate statistical significance.

Table 1. Clinical characteristics and stimulation outcomes according to whether G-CSF was instilled on the triggering or oocyte retrieval day

Variable Triggering day (n=12) Oocyte retrieval day (n=38) p-value
Age (yr)
Female 34.5(31.5-38.8) 39.4(38.0-40.8) 0.001
Male 36.5(34.0-41.0) 39.0 (35.0-40.0) NS
Parous women 5 19 NS
Body mass index (kg/m?) 21.4(19.4-24.3) 21.4(20.6-22.5) NS
Indications for IVF NS
Unexplained 7 1
Decreased ovarian reserve 2 14
Tubal 0 10
Male 3 1
Endometriosis 0 1
Polycystic ovary syndrome 0 1
Previous IVF cycle 3(1-4) 2(1-3) NS
Basal serum FSH (IU/L) 7.5(6.0-10.0) 8.5(8.0-11.0) NS
Random serum AMH (ng/mL) 2.2(0.6-5.2) 1.4(0.8-2.3) NS
Ovarian stimulation NS
Modified natural 1 3
Gonadotropin 6 25
Letrozole+gonadotropin 5 10
Pituitary suppression NS
GnRH antagonist 6 21
GnRH agonist 5 14
None 1 3
Triggering NS
GnRH agonist+low-dose hCG 27 12
hCG 10 0
GnRH agonist 1 0
Serum E; at triggering day (pg/mL) 868 (88-2,822) 1,117 (430-1,530) NS
No. of mature oocytes 7(3-11) 5(3-6) NS
Sperm 0.024
Normal 7 34
Subnormal 1 2
Abnormal 4 2
Fertilization rate (%) 69 (43-100) 76 (60-80) NS

Values are presented as median (95% confidence interval).

G-CSF, granulocyte colony-stimulating factor; NS, not significant; IVF, in vitro fertilization; FSH, follicle-stimulating hormone; AMH, anti-Miillerian hormone;
GnRH, gonadotropin-releasing factor; hCG, human chorionic gonadotropin; E;, estradiol.
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Results

In the 50 subjects, the mean EMT in the previous failed IVF cycle(s)
was 7.6+ 1.1 mm. In the 50 index IVF cycles, the mean EMT on the
triggering day was 7.2+ 0.6 mm (range, 5.4-7.9 mm). After G-CSF in-
stillation on either the triggering or oocyte retrieval day, the mean
EMT on the embryo transfer day significantly increased to 8.5+ 1.5
mm (range, 6.0-12.0 mm) (p <0.001). The EMT change from trigger-
ing to embryo transfer day ranged from -16.7% to 86.4% (mean,
20.5% +23.7%).

In the 50 index IVF cycles, the serum hCG test was initially positive
in 14 women, but a chemical pregnancy was identified in one wom-
an and a tubal ectopic pregnancy occurred in two women. In 11
women, at least one intrauterine GS was identified (two GSs in six
women). The overall clinical pregnancy rate per transfer was 22.0%
(11 of 50) and the twinning rate was 54.5% (6 of 11). The overall im-
plantation rate per transferred embryo was 15.9% (17 of 107). One
miscarriage occurred in one woman who showed one intrauterine
GS after transfer on day 3, making the ongoing pregnancy rate 20%
(10 of 50).

The clinical pregnancy rate (24.4% [10 of 41] vs. 11.1% [1 of 9]), im-
plantation rate (16.9% [15 of 89] vs. 11.1% [2 of 18]), and ongoing
pregnancy rate (22.0% [9 of 41] vs. 11.1% [1 of 9]) tended to be high-
er in day 3 transfer cycles than day 5 transfer cycles, but this trend

CERM B

was not statistically significant.

The subjects in whom G-CSF was installed on the triggering day
were younger and the sperm quality was inferior in comparison to
those in whom G-CSF was instilled on the oocyte retrieval day, but the
serum levels of basal FSH, random anti-Millerian hormone, and estra-
diol on triggering day were similar (Table 1). The number of mature
oocytes retrieved and the fertilization rate was also similar between
the two groups (Table 1). The rates of clinical pregnancy, implantation,
miscarriage, and ongoing pregnancy were all similar between the two
groups (Table 2). The mean EMT on the triggering day or on the em-
bryo transfer day was similar between the two groups, as was the EMT
change, although the mean EMT significantly increased from the trig-
gering day to the embryo transfer day in each group (Table 2).

When all parameters were compared between pregnant (n=11)
and non-pregnant women (n=39), none of the parameters showed
a difference (data not shown). The EMT significantly increased from
7.5 mm (range, 7.0-7.8 mm) to 8.8 mm (range, 7.0-10.0 mm) in the
pregnant group (p=0.041) and from 7.4 mm (range, 7.1-7.5 mm) to
8.0 mm (range, 7.4-9.5 mm) in the non-pregnant group (p <0.001).
The EMT change was similar in both groups (21.1% [range, 6.7%-
50.0%] vs. 26.9% [range, 12.7%-35.1%], p=0.755). Interestingly, de-
spite G-CSF instillation, the EMT decreased in seven women, among
whom one woman conceived despite her EMT changing from 7.5
mmto 7 mm.

Table 2. EMT and pregnancy outcomes according to whether G-CSF was instilled on the triggering or oocyte retrieval day

Variable Triggering day (n=12) Oocyte retrieval day (n=38) p-value
EMT at triggering day (mm) 7.5 (6.0-7.6) 74(7.1-7.5) NS
EMT at embryo transfer day (mm) 8.5(7.4-9.0) 8.0(7.3-9.5) NS
Change of EMT (%) 20.0 (5.3-50.0)* 26.6(12.7-35.1? NS
No. of embryo transfer cycles NS

Day 3 transfer 8 33

Day 5 transfer 5
No. of embryos transferred

Day 3 transfer 3(2-3) 2(1-3) NS

Day 5 transfer 25(1-3) 2(1-3) NS
Highest-quality embryo (day 3 only)®

A 1(3.3) 12(15.6) NS

A+B 10(33.3) 36 (46.8) NS
Clinical pregnancy 5(41.7) 6(15.8) NS

Day 3 transfer 4(50.0) 6(18.2) NS

Day 5 transfer 1(25.0) 0 NS
Clinical miscarriage 0 1(2.6) NS
Ongoing pregnancy 5(41.7) 5(13.2) NS
Implantation rate (%, n)

Day 3 transfer 28.6(6/21) 13.2(9/68) NS

Day 5 transfer 22.2(2/9) 0(0/9) NS

Values are presented as median (95% confidence interval) or number (%) unless otherwise indicated.
EMT, endometrial thickness; G-CSF, granulocyte colony-stimulating factor; NS, not significant.
Jp < 0.05 when EMT was compared between the triggering day and embryo transfer day; "Embryo morphology assessment according to Hill et al. criteria.
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Table 3. Pregnancy outcomes according to whether EMT on the triggering day was <7 mm or >7 mm

Variable <7mm (n=14) >7mm (n=36) p-value
EMT at triggering day (mm) 6.3(5.9-7.0) 7.5(7.4-7.6)
EMT at embryo transfer day (mm) 8.0(7.0-11.0) 84(7.7-9.5) NS
Change of EMT (%) 30.5(6.1-71.4)7 20.0 (6.7-29.9)° 0.004
G-CSF instillation NS
Triggering day 4 8
Oocyte retrieval day 9 28
No. of embryo transfer cycles NS
Day 3 transfer 10 31
Day 5 transfer 4 5
Clinical pregnancy 2(14.3) 9(25.0) NS
Day 3 transfer 2(20.0) 8(25.8)
Day 5 transfer 0 1(20.0)
Clinical miscarriage 0 1(2.8) NS
Ongoing pregnancy 2(143) 8(22.2) NS
Implantation rate (%, n) 12.1(4/33) 17.6 (13/74) NS
Day 3 transfer 16.0 (4/25) 17.2(11/64)
Day 5 transfer 0(0/8) 20.0(2/10)

Values are presented as median (95% confidence interval) or number (%) unless otherwise indicated.
EMT, endometrial thickness; NS, not significant; G-CSF, granulocyte colony-stimulating factor .
¥p < 0.05 when EMT was compared between the triggering day and the embryo transfer day.

In women with an EMT <7 mm on the triggering day, the mean
EMT change was significantly greater than in women with an EMT
>7 mm on the triggering day (p=0.004) (Table 3). However, the
rates of clinical pregnancy, implantation, miscarriage, and ongoing
pregnancy were all similar between the two groups.

Discussion

In the present study, intrauterine instillation of G-CSF resulted in an
acceptable pregnancy rate in women with a consistently thin endo-
metrium, as in two previous studies [4,5]. EMT improved after G-CSF
instillation from the triggering day to the embryo transfer day, except
in seven women. Unlike in other studies, we instilled G-CSF on the
triggering day or the oocyte retrieval day; for the first time, we dem-
onstrated a similar pregnancy outcome between these two instilla-
tion groups. However, pregnancy outcomes tended to be higher in
the group in which instillation was performed on the triggering day.
Therefore, G-CSF instillation on the triggering day may be associated
with a better prognosis.

Unlike other studies, our study included nine cycles where embryo
transfer was performed on day 5. Since the pregnancy rate associat-
ed with day 5 transfer is known to be higher than that associated
with day 3 transfer, day 5 transfer is commonly applied in women
with a thin endometrium [6]. Nonetheless, the pregnancy and im-
plantation rates associated with day 5 transfer were lower than ex-
pected in the present study. Given this information, we suggest that

day 3 transfer may also lead to a good prognosis in women with a
thin endometrium who undergo G-CSF instillation.

Unlike the study conducted by Gleicher et al. [4], EMT did not in-
crease in all women after G-CSF instillation in our study. However, as
in the previous two studies, no difference in EMT gain was found be-
tween women who conceived and those who did not. Interestingly,
areduced EMT despite G-CSF instillation was found in seven women,
one of whom conceived. She received G-CSF on the triggering day,
and her EMT was 7.5 mm on the triggering day and 7.0 mm on the
transfer day. After two embryos were transferred on day 5, she con-
ceived twins.

In the present study, we defined a thin endometrium as having an
EMT <8 mm. In fact, controversy exists regarding the definition of
so-called thin endometrium and the minimally required EMT for suc-
cessful pregnancy. Various investigators have advocated >7 mm,
>8 mm, and =9 mm as cutoffs predictive of successful pregnancies
[2,7]. Nonetheless, when we analyzed 14 women with an EMT <7
mm on the triggering day in the present study, the intrauterine instil-
lation of G-CSF resulted in an acceptable pregnancy rate (14.3%
overall and 20% in the day 3 transfer group). In the present study, the
lowest EMT was 7 mm on the triggering day among patients who
conceived (range, 7-10 mm), while no pregnancy occurred in women
with EMT <7 mm on the triggering day despite G-CSF instillation.

Various mechanisms have been suggested for the inability of em-
bryos to be implanted in a thin endometrium. Endometrial tissue is
composed of basal and functional layers. The basal layer consists of

https://doi.org/10.5653/cerm.2016.43.4.240
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large spiral arteries and is maintained throughout the menstrual cy-
cle, whereas the functional layer includes relatively fine spiral arteries
and changes throughout the menstrual cycle. After ovulation, the
spiral arteries within the functional layer shrink, causing oxygen ten-
sion to decrease in the functional layer, which supports a favorable
environment for embryo implantation [8]. If the functional layer is in-
adequately developed, embryos are close to the large spiral arteries
within the basal layer; thus, embryos are exposed to a highly oxygen-
ated environment. At this time, increased levels of reactive oxygen
species can compromise embryo development and implantation
[9,10].

The mechanisms underlying the favorable impact of G-CSF instilla-
tion on EMT and embryo implantation are still unknown. It is less
likely that improved EMT alone contributes to enhanced embryo im-
plantation, because the EMT gains after G-CSF instillation were simi-
lar in women who conceived and those who did not.

G-CSF is a kind of cytokine, first purified in mice and cloned in hu-
mans later [11]. G-CSF is a primarily hematopoietic-lineage cytokine
produced by diverse cells such as bone marrow cells, stromal cells, fi-
broblasts, endothelial cells, monocytes, and macrophages. The hu-
man endometrium also expresses G-CSF mRNA throughout the
menstrual cycle [12]. G-CSF acts to stimulate the proliferation and
differentiation of hematopoietic stem and progenitor cells and mes-
enchymal precursor cells in the bone marrow [13,14]. It also acts to
induce the recruitment and homing of mesenchymal stem-like cells
into vascular injured sites [15,16]. The human endometrium also
contains intrinsic mesenchymal stem-like cells, which possibley con-
tribute to endometrial cyclic proliferation [15,17]. G-CSF is thought to
stimulate intrinsic mesenchymal stem-like cells or induce the hom-
ing of extrinsic stem cells, but direct evidence is still lacking.

Receptors for G-CSF are present not only in hematopoietic lineage
cells, but also in cells contributing to reproduction, such as luteinized
granulosa cells, trophoblastic cells, and the endometrium [18-21]. G-
CSF enhances the cyclic adenosine monophosphate-mediated de-
cidualization of human endometrial stromal cells in an autocrine or
paracrine fashion [22]. It has been reported that G-CSF, when inject-
ed subcutaneously, acts on embryo implantation by modulating the
immune reaction and affecting the function of macrophages in the
decidua [23,24]. Culture of luteal endometrial tissue together with
recombinant G-CSF was found to stimulate the expression of several
genes that play a crucial role in embryo implantation (i.e., endome-
trial vascular remodeling, immune modulation, and/or cellular adhe-
sion pathways) [25]. In patients with repeated implantation failure,
decreased expression of G-CSF receptors was found in the middle lu-
teal phase [21]. Collectively, those findings suggest that G-CSF can
modulate certain endometrial changes through its receptor and thus
contribute to endometrial regeneration [26]. Nonetheless, we still do
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not know whether extrinsic supplementation of G-CSF can induce
endometrial cell proliferation and/or immune modulation within the
endometrium.

One limitation of this study was that it had a relatively small sample
population. The study did not have an appropriate control group and
was performed in only one infertility center. The pregnancies were
followed until 12 weeks of gestation, so further study would be
needed to evaluate the live birth rate as a final outcome in a larger
population.

Herein, we describe the efficacy of intrauterine instillation of G-CSF
in women with a thin endometrium. We suggest that G-CSF instilla-
tion on the triggering day may be preferable to enhance the preg-
nancy and implantation rate in women with a thin endometrium.
Improving endometrial growth in women with a thin endometrium
is a challenge for infertility clinicians. In this aspect, G-CSF instillation
should be considered as a strategy to induce adequate endometrial
growth and good pregnancy results. The effectiveness of G-CSF in-
stillation should further be confirmed via well-designed and con-
trolled studies. Furthermore, basic research on how G-CSF can modu-
late endometrial growth and/or receptivity should be undertaken.
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