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Objective: To investigate the effect of two treatments on the outcome of freeze-thaw
embryo transfer for pregnancy assistance in thin endometrium.

Methods: A retrospective study was conducted on 66 patients who failed in the first cycle
treated in the reproductive medicine center of the Second Hospital of Hebei Medical
University from January 2018 to December 2019. Granulocyte colony stimulating factor
(G-CSF) was used through cavity infusion in one group (n=25, and growth hormone (GH)
was subcutaneously injected in the group (n=41). The clinical data of the two groups were
compared, including morphology and thickness of the endometrium, biochemical
pregnancy rate, clinical pregnancy rate, implantation rate, miscarriage rate, and live
birth rate in each period of the hormone replacement cycle.

Results: There was no significant difference in age, BMI, AMH, FSH, LH, E2, infertility
years, number of transferred embryos, basal endometrium, and thickness of endometrium
on the day of P administration before and after treatment (P> 0.05). After treatment,
compared to the GH group, the G-CSF group presented higher biochemical pregnancy
rate (56% versus 48.8%; P=0.569), clinical pregnancy rate (52% versus 46.3%; P=0.655),
implantation rate (34.8% versus 27.5%; P=0.391), and live birth rate (40% versus 31.7%;
P=0.493), but the differences were not statistically significant (P > 0.05). On the 5th day of
treatment, the endometrial thickness in the G-CSF group was thinner than that in the GH
group (4.83 ± 0.85 versus 5.75 ± 1.27; P< 0.05), but it had no correlation with pregnancy
outcome (P > 0.05). There was no significant difference in endometrial thickness between
the two groups on the 7th, 9th day of treatment and the day of P administration (P > 0.05).
On the 5th day of treatment, the proportion of endometrial type A morphology in the GH
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group was significantly higher than that in the G-CSF group (P < 0.05), while the type
B morphology in the G-CSF group was significantly higher than that in the GH
group (P< 0.05).

Conclusion: Although G-CSF and GH may not have a role in increasing endometrium,
both of them can improve the pregnancy outcomes of patients with thin endometrium in
the FET cycle. And the effects of the two treatments were similar.
Keywords: thin endometrium, frozen-thaw embryo transfer, colony cell stimulating factor, growth hormone,
pregnancy outcome
INTRODUCTION

With the development of vitrification freezing technology, the
implantation and live birth rates of FET has met or exceed those
of fresh embryo transfer, especially for infertile women with
slow embryo development or early elevated progesterone.
Hence more and more fertility centers in China and abroad
have adopted the whole embryo freezing strategy as a standard
treatment option in recent years. Endometrial receptivity,
embryo quality, and synchronization of both during the FET
cycle are important factors for successful embryo implantation.
It was found that endometrial factors account for about 60%
and embryonic factors for 40% for pregnancy success rate (1).
At present, embryo freezing and thawing technology is more
mature and the recovery rate can reach more than 90%, but the
clinical pregnancy rate of the FET cycle still fluctuates between
30% to 60% in various fertility centers in China and abroad (2).
Therefore, improving endometrial receptivity has become an
urgent challenge in the field of reproduction. One of the main
manifestations of poor endometrial receptivity is thin
endometrium, and most scholars believe that a thin
endometrium could be diagnosed with an endometrial
thickness <7 mm on the IVF/ICSI trigger day or luteal
support day (3, 4). A more satisfactory pregnancy outcome is
achieved when the endometrial thickness is at least ≥7 mm or
even 9 mm, while the clinical pregnancy rate is lower when the
endometrial thickness is <6 mm (5). The treatment of thin
endometrium is still being explored, and the current treatments
include high-dose estrogen replacement therapy, gonadotropin-
releasing hormone agonists, GH, aspirin, sildenafil, cervical
curettage, and uterine perfusion. Among them, G-CSF is a
glycoprotein that acts mainly on neutrophils to promote their
value-added, differentiation and activation. In the field of
reproduction, G-CSF has been found to be involved in
follicular growth and development, ovulation and pregnancy,
and has a bidirectional regulatory role in the maternal-
embryonic exchange. A basic experiment shows that G-CSF
plays an important role in improving ischemia/reperfusion
(I/R) injury of specific tissues (6). GH is a peptide hormone
secreted by the anterior pituitary gland and plays an
important role in cell growth and metabolism. GH and its
receptor GHR and related growth factor (IGF-1) act on human
endometrial cells to promote endometrial cell proliferation and
endometrial interstitial vascularization and up-regulate the
n.org 2
expression of receptivity-related factors (7). The aim of
current study was to compare the efficacy of G-CSF and GH
on thin endometrium in order to select a more optimal
approach for clinical treatment of thin endometrium patients
with FET-assisted pregnancy, improving their endometrial
receptivity and pregnancy outcomes.
MATERIALS AND METHODS

1 Data and Methods
1.1 Study Population
The data of patients who underwent the proposed FET cycle at
the Department of Reproductive Medicine, Second Hospital of
Hebei Medical University between January 2018 and December
2019 were selected for analysis. The ethical approval number is
2021-P037.

The inclusion criteria included: ① age between 25-40; ② fixed
GnRH antagonist protocol when control ovarian stimulation,
and failed in their first fresh ET;③ conventional hormone
replacement cycle protocol in preparation for the second cycle
of FET, multiple ultrasound detection of endometrium ≤6 mm
(3, 5); ④ at least one 3d embryo frozen, and planned transfer of 1-
2 3d high-quality embryos in this cycle; ⑤ IVF/ICSI-ET due to
female tubal factors or male factors.

The exclusion criteria included: ① patients with abnormal
liver and kidney function, abnormal thyroid function, immune
disorders, or hematological disorders; ② patients with repeated
implantation failure; ③ patients with combined fibroids,
endometrial polyps, endometriosis, or uterine malformations;
④ patients with a hysteroscopic examination of uterine adhesions
or endometrial lesions;⑤ patients with a body mass index ≥ 30
kg/m2; ⑥ chromosomal abnormalities in couples. This study had
been discussed and approved by the medical ethics committee,
and all enrolled patients signed the informed consent form with
full knowledge.

1.2 Methods
1.2.1 Grouping
A total of 66 patients who met the criteria for nadir
discharge were included. G-CSF (n=25) or GH (n=41) was
administrated. A flowchart of trial enrolment is shown in
Figure 1.
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FIGURE 1 | Flowchart of trial enrollment.
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1.2.2 Procedure
The controlled ovarian stimulation program was fixed GnRH
antagonist protocol. When there were ≥ 3 follicles with diameter
≥ 18mm, hcg5000 ~ 10000IU/ovidrel 250ug was given for trigger,
and transvaginal ultrasound-guided puncture was performed 36
hours after trigger. Then IVF/ICSI was selected according to
semen quality. Embryo culture was carried out according to the
standards of the embryo laboratory of the center. Dosing
regimen: all patients routinely underwent urine pregnancy test
and transvaginal ultrasonography on day 3 of the menstrual
cycle, and received estradiol valerate 2mg bid×4 days + 3mg bid
continuously after excluding abnormalities; if the thickness was
≤7mm, the dose was increased to 4mg bid×3d and then
monitored again, and if the thickness was still ≤7mm, the dose
Frontiers in Endocrinology | www.frontiersin.org 3
continued to increase to 5mg bid until the day of P
administration. In the perfusion group, granulocyte colony-
stimulating factor 1ml was added to the perfusion on the 3rd,
5th, and 7th days of hormone replacement, respectively; in the
GH group, GH 5IU/day was added subcutaneously to the start
day of hormone replacement until the day of P administration.
In both groups, the endometrial condition and serum E2 level
were monitored on day 5 (i.e. 48h after the first infusion), day 7
(i.e. 48h after the second infusion), day 9 (i.e. 48h after the third
infusion), the day of P administration, and transfer day,
respectively, and the medication was adjusted according to
ultrasound assessment of endometrial growth; 1-2 3-d embryos
of good quality were transferred on the third day after
progesterone was given for endometrial transformation.
December 2021 | Volume 12 | Article 725202
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Progesterone gel combined with dydrogesterone was routinely
given vaginally for luteal support after the transfer.

1.2.3 Data Collection
① General data of patients, including age, BMI, AMH, basal
endocrine, years of infertility, cycle number, number of embryos
transferred, and basal endometrial thickness; ② endometrial
thickness and morphology on day 5, day 7, day 9, and the day of
P administration of the endometrial monitoring cycle (type A is a
trilinear type or multi-layered endometrium, showing a hyper-
echoic lateral line between the endometriumandmyometrium, and
two superficial layers of endometrium in close proximity, with a
visible hyper-echoic central line; type B is a transitional type,
showing isolated echogenicity in the middle and inconspicuous
midline echogenicity in the uterine cavity; typeC is a homogeneous
strongly echogenic type, showing no midline echogenicity in the
uterine cavity or a blurred uterine cavity line).

1.2.4 Determination of Pregnancy Outcome
Blood b-hCG > 5 U/L measured 14 days after transplantation was
considered as biochemical pregnancy (8), and vaginal ultrasound
examination was performed 28-30 days after transplantation, and
clinical pregnancy was considered if the gestational sac was visible
inside and outside the uterus. Early miscarriage was defined as
miscarriage occurringwithin 12weeks of gestation.Allmedications
were discontinued if no pregnancy occurred.

1.3 Statistical Methods
SPSS 22.0 software was applied for data analysis. The Shapiro-Wilk
test was used for the normal distribution test; the measurement
data conforming to the normal distribution were expressed as
TABLE 1 | The comparison of First Cycle and Second Cycle.

First Cycle (n = 66

Control Group

Age 31.50 ± 4.25
BMI (kg/m2 22.74 ± 3.18
AMH (ng/ml 3.04 ± 2.09
FSH (mIU/ml 7.81 ± 3.11
LH (mIU/ml 4.85 ± 2.83
E2 (pg/ml 49.61 ± 39.02
Years of infertility (years) 4.30 ± 3.37
Number of embryos transferred 1.89 ± 0.31
Basal Endometrial thicknesses 4.35 ± 1.13
Endometrial thicknesses on the day of P administration 6.59 ± 0.74

Continuous variables are expressed as mean ± standard deviation (SD). BMI, body mass index;
E2, estradiol; G-CSF, colony cell stimulating factor; GH, Growth Hormone.
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mean ± standard deviation; a two independent sample t-test was
used for comparison between two groups; multiple groups were
compared by one-way ANOVA, and P < 0.05 was statistically
different. Non-normally distributed measures were expressed as
median (interquartile spacing); a two independent sample non-
parametric test (Mann-Whitney U-test) was used for comparison
between two groups, and P < 0.05 was statistically different. The
statistical data were expressed as rates and compared between
groups using the chi-square test or Fisher’s exact probability
method, with a statistical difference of P < 0.05.
RESULTS

1 Comparison of Basic Data
The comparison of the basic data (age, BMI, AMH, FSH, LH, E2,
years of infertility, number of embryos transferred, basal
endometrial thicknesses, and transformational endometrial
thicknesses) of the First Cycle and Second Cycle showed no
statistically significant differences (P > 0.05), as shown in Table 1.

2 Comparison of Implantation Rate,
Biochemical Pregnancy Rate, Clinical
Pregnancy Rate, Miscarriage Rate, and
Live Birth Rate in the Two Groups
The results showed no statistical difference (P > 0.05) in
implantation rate, biochemical pregnancy rate, clinical
pregnancy rate, miscarriage rate, and live birth rate between
the two groups (Table 2).
) Second Cycle (n = 66)

G-CSF Group (n = 25) GH Group (n = 41) P

32.68 ± 3.51 31.93 ± 4.23 0.755
23.19 ± 3.02 23.80 ± 3.19 1.429
3.22 ± 2.11 2.98 ± 2.62 0.092
6.75 ± 1.89 7.53 ± 2.37 1.583
4.98 ± 2.04 5.41 ± 3.61 0.456

42.91 ± 13.64 60.91 ± 63.02 1.400
5.24 ± 2.47 4.95 ± 2.88 1.073
1.84 ± 0.37 1.95 ± 0.22 1.118
4.16 ± 0.80 4.13 ± 1.19 0.569
6.59 ± 0.61 6.86 ± 0.60 0.103

AMH, anti-Mullerian hormone; FSH, follicle stimulating hormone; LH, luteotropic hormone;
TABLE 2 | Comparison of implantation rate, biochemical pregnancy rate, clinical pregnancy rate, miscarriage rate, and live birth rate in the two groups.

G-CSF Group GH Group P OR 95%CI

Implantation Rate 34.8 (16/46) 27.5 (22/80) 0.391 1.406 (0.644, 3.068)
Biochemical Pregnancy Rate 56 (14/25) 48.8 (20/41) 0.569 2.609 (1.005, 6.771)
Clinical Pregnancy Rate 52 (13/25) 46.3 (19/41) 0.655 1.254 (0.463, 3.397)
Miscarriage Rate 23.1 (3/13) 31.6 (6/19) 0.599 0.650 (0.130, 3.260)
Live Birth Rate 40 (10/25) 31.7 (13/41) 0.493 1.436 (0.510, 4.046)
Decembe
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3 Comparison of Endometrial Thickness
Between the Two Groups
The endometrial thicknesses of the G-CSF group and GH group
were compared on day 5, day 7, day 9, and the day of P
administration of the drug, respectively. The results showed
that the endometrial thickness in the G-CSF group was thinner
than that in the GH group on the 5th of the drug administration,
and the difference was statistically significant (P < 0.05), while
there was no significant difference in the endometrial thickness
on the day 7, day 9, and the day of P administration of
administration (Table 3).

4 Comparison of Endometrial Morphology
Between the Two Groups
The endometrial morphology of the G-CSF group and GH group
were compared on day 5, day 7, day 9, and the day of P
administration, respectively. The results showed that there
were differences in the morphology of endometrium between
the two groups on day 5. The proportion of endometrial type A
morphology in the GH group was significantly higher than that
in the G-CSF group on day 5, and the differences were
statistically significant (P < 0.05), while the type B morphology
in the G-CSF group was significantly higher than that in the GH
group, and the differences were statistically significant (P <
0.05) (Table 4).

5 One-Way Logistic Regression Analysis
One-way logistic regression analysis of endometrial thickness
and morphology on day 5 of medication in both groups
showed that endometrial thickness and morphology on day 5
were not influential factors leading to clinical pregnancy or
not (Table 5).
Frontiers in Endocrinology | www.frontiersin.org 5
DISCUSSION

In China, with the liberalization of the second-child policy, FET
cycles are on the rise year by year, and a non-Cochrane
systematic study reported that FET cycles have higher clinical
pregnancy rates and lower miscarriage rates compared with
conventional IVF/ICSI fresh transfer strategies (9). A
retrospective study of 513 patients over the age of 35 found
that the clinical pregnancy rate and live birth rate were
significantly higher in the frozen-thawed embryo transfer
cycle than in the fresh embryo transfer cycle (10). This
suggests that FET cycles are more beneficial to endometrial
development than fresh embryo transfer cycles because of
the advantages of reducing the effects of high estrogen on
the endometrium during controlled ovarian stimulation (11),
preventing ovarian hyperstimulation syndrome, and increasing
cumulative pregnancy rates, thus reducing repeated ovulation
and egg retrieval in patients (12, 13). Some studies have shown
that even in high-quality blastocysts with a score of ≥3BB, the
clinical pregnancy rate and the sustained pregnancy rate are
only 44% and 41%, respectively (1). Therefore, in addition to
good quality embryos, good endometrial receptivity and
synchronization between the two are the core factors that
influence the outcome of FET cycles. Endometrial receptivity
refers to the ability of the endometrium to allow embryo
positioning, adhesion, invasion, and induce a series of changes
in the endometrial mesenchyme, ultimately allowing embryo
implantation. In a normal female menstrual cycle, as follicles
gradually grow and mature and estrogen secretion increases, the
endometrial thickness will grow to 8-13 mm, providing a
suitable environment for embryo implantation, and either too
thin or too thick endometrium is not conducive to embryo
implantation (14). It is now generally accepted that in ART cycles
TABLE 4 | Comparison of endometrial morphology between the two groups.

Type A Type B Type C P

Day 5 of the drug administration G-CSF 28* (7/25) 64* (16/25) 8 (2/25) 0.048
GH 56.10 (23/41) 34.15 (14/41) 9.76 (4/41)

Day 7 of the drug administration G-CSF 76 (19/25) 24 (6/25) 0 (0/25) 0.637
GH 63.41 (26/41) 34.15 (14/41) 2.44 (1/41)

Day 9 of the drug administration G-CSF 76 (19/25) 24 (6/25) 0 (0/25) 0.287
GH 63.41 (26/41) 36.59 (15/41) 0 (0/41)

the day of P administration G-CSF 76 (19/25) 24 (6/25) 0 (0/25) 0.149
GH 58.54 (24/41) 41.46 (17/41) 0 (0/41)
December 20
21 | Volume 12 | Article 7
Categorical variables are expressed as percentages (%). G-CSF, colony cell stimulating factor; GH, Growth Hormone. *P < 0.05 vs GH Group
TABLE 3 | The endometrial thicknesses of the G-CSF group and GH group.

Endometrial thickness P

G-CSF GH

Day 5 of the drug administration 4.83 ± 0.85 5.75 ± 1.27 0.001*
Day 7 of the drug administration 5.92 ± 0.86 6.38 ± 0.94 0.053
Day 9 of the drug administration 6.50 ± 0.76 6.57 ± 0.62 0.683
the day of P administration 6.70 ± 0.64 6.87 ± 0.61 0.282
Continuous variables are expressed as mean ± standard deviation (SD). G-CSF, colony cell stimulating factor; GH, Growth Hormone. *P < 0.05, vs GH Group
25202
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when the endometrial thickness is 10-14 mm and the morphology is
type A, the endometrium is more tolerant, more tolerant to embryo
implantation, and has a higher embryo implantation rate. Richter
et al. showed that after excluding confounding factors, the pregnancy
rate was 53% in those with endometrial thickness of 6-8mmonHCG
day, while the pregnancy rate was 77% in those with endometrial
thickness greater than 16 mm (15) and the live birth rate was
significantly higher. Goswamy et al. first suggested that inadequate
uterine perfusion may be one of the causes of IVF-ET failure (16),
and Miwa et al. suggested that it may be due to high blood flow
impedance to the terminal branches of the uterine artery (i.e., the
uterine spinous artery) (17), which causes ischemic damage to the
glandular epithelium of uterine. In 2011, Gleicher et al. first reported
that in four patients with thin endometrium who were not sensitive
to estrogen and vasodilator drug therapy, the endometrium increased
to more than 7 mm after 48 h of intrauterine infusion of G-CSF (4).
Embryo transfer resulted in successful pregnancy. Subsequently,
Gleicher et al. continued their cohort study in 21 patients and the
endometrial thickness increased from 6.4 ± 1.4 mm to 9.3 ± 2.1 mm
after intrauterine infusion of G-CSF 6-12 h before trigger (p <
0.001) (18).

Xu and Tehraninejad et al. showed that G-CSF treatment
before embryo transfer in patients with thin endometrium
thickened the endometrium and facilitated the increase of
embryo implantation and pregnancy rate (19, 20). This may be
due to the fact that G-CSF stimulates endometrial stem cells or
bone marrow stem cells, which promote endometrial growth.
These studies are in agreement with our study data showing a
progressive trend of increasing endometrial thickness after G-
CSF infusion. Furthermore, one study found that in FET cycles,
embryos with thin endometrium after GH treatment had
significantly improved endometrial thickness on the day of
embryo transfer and significantly increased the rate of
implantation and clinical pregnancy, and found that under the
effect of GH, endometrial cells were able to upregulate the
expression of VEGF and ITGB3 and improve endometrial
receptivity (7). A meta-analysis showed that GH may promote
the expression of vascular endothelial growth factor-1 in the
endometrium, inducing endometrial gland hyperplasia,
glandular cavity enlargement, and angiogenesis, enrich
endometrial stroma, and then significantly increase the
thickness of the endometrium, improve the morphology of
endometrium, and improve the receptivity of endometrium
(21). However, the exact mechanism of GH action on
endometrial receptivity remains to be studied in the future.
New studies with larger study groups and well-designed RCTs
6

are also needed to clarify whether infertile women with thin
endometrium benefit from GH treatment.

In conclusion, a large number of clinical studies have
confirmed that G-CSF and GH can improve clinical outcomes
in the thin endometrium population; therefore, in this study, we
explored which of the two methods is more effective in
improving pregnancy outcomes in patients with thin
endometrium FET by comparing intrauterine infusion of G-
CSF and intramuscular injection of GH, and provided new
methods and ideas for clinical treatment. There was no
difference between both methods in improving pregnancy
outcome, although 48 hours after the first administration of G-
CSF, the endometrial thickness was thinner than that in the GH
group, and the proportion of Type B endometrial morphology
was higher than that in the GH group.

It is conjectured that this might be caused by mechanical
damage to the endothelium during the infusion of G-CSF in the
uterine cavity. It has been found that G-CSF has the ability to
repair wounds and ulcers and has the effect of promoting the
proliferation of mucosal cells, thus the addition of G-CSF to the
wounds would be beneficial for the increase in thickness (22).
During the subsequent administration, it was found that there
was no statistical difference in the thickness and morphology of
the endothelium between the two groups. The pregnancy rate of
all FET patients in our center from 2018 to 2019 is about 50%. In
case of failure in the first cycle, the pregnancy rate of thin
endometrial patients without treatment remains 30% according
to our own data and other previous studies, and it can reach the
same level as normal patients if treated with the above two
methods (23, 24). Although the results showed no significant
differences statistically due to the small sample size, this study
has an important clinical value as it showed an increase of 10-
20% in the clinical pregnancy rate. This study suggested that the
effects of the two methods may be similar, but a large sample of
prospective randomized controlled studies is still needed for
further exploration.
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