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Effect of Intrauterine Perfusion of Granulocyte Colony-Stimulating Factor on Endometrium and Blood Flow
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[ Abstract] Objective To investigate the effects of intrauterine perfusion with granulocyte colony-stimulating
factor (G-CSF) on the endometrial thickness, volume, and blood flow parameters of patients with thin endometrium and
their clinical outcomes. Methods = We designed a prospective non-randomized synchronous controlled trial and
recruited patients with thin endometrium who underwent frozen-thawed embryo transfer (FET) at Mianyang Central
Hospital between September 1, 2021 and September 1, 2023. They were divided into two groups, an experimental group of
patients who received the experimental treatment of intrauterine perfusion with G-CSF and a control group of patients
who did not receive the experimental treatment. The general data and the clinical outcomes of the two groups were
analyzed and compared. The endometrial thickness, volume and blood flow parameters of patients in the experimental
group before and after intrauterine perfusion with G-CSF were analyzed. Results  The clinical data of 83 patients were
included in the study. The experimental group included 51 cases, while the control group included 31 cases. There were
no significant differences in the baseline data between the two groups. The clinical pregnancy rate of the experimental
group (56.86%) was higher than that of the control group (50.00%) and the rate of spontaneous abortion in the
experimental group (27.59%) was lower than that in the control group (37.50%), but the differences were not statistically
significant (P>0.05). In the experimental group, the postperfusion endometrial thickness ([0.67+0.1] cm) was greater than
the preperfusion endometrial thickness ([0.59£0.09] cm), the postperfusion ([1.84+0.81] cm’) was greater than the
preperfusion endometrial volume ([1.54+0.69] cm’), and the postperfusion vascularization flow index (VFI) (1.97+2.82)
was greater than the preperfusion VFI (0.99£1.04), with all the differences being statistically significant (P<0.05).

Conclusion Intrauterine perfusion with G-CSF can enhance the endometrial thickness, volume, and some blood flow
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parameters in patients with thin endometrium.
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XoF oA R JEE B2 b e A, RETE 4T L YA S I N A A
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2578, [ 2 R M (repeated implantation failure, RIF)
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Granulocyte colony-stimulating factor

Thin endometrium
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XF20214F9 H 1 H -20234F9 H 1 H #E 48 FH T A0 15 B¢
ABE U BEATFET B 42 () WAL 5 IR AR S, SR TR REIL
I3 )7 2o3 R S A DG BRZH, S840 28 25 4T G-CSF
EERETIRYT, A IR B RATG-CSFE JERETIRYTY, K
RIRIT T R HE —B Wy Sl g L B
Bt A= ) B AR B D1 S, dit i+ $20220323-02.

YA s D IE A 28 /0 24 JR 3 ) oy 58 J5E B <
0.7 cm; QZFEAH A HH 25 /A7 LU 03 B9 4 R 5l m] B A7 4
R QAR <403 ; @XM 5E DP %X (antral follicle count,
AFC) =54~; @YU #1852 (anti-Miillerian hormone,
AMH) =0.5 ng/mL; ©18 kg/m’< {& i 454X (body mass
index, BMI) <24 kg/m’,

HEBRARIE: DF ERGE IR ; Q5 P IROR A (245
RNV BRI RS . NIRSS ) ; X G-
CSFL L, X KM A 1 2238 1 LAt ) 300 2o ;s ™ F I
B D re Rt QEr BRIk I 8 ©ARHETE MR 53 BT
PR F A e O B & MR 7" (recurrent spontaneous
abortion, RSA ) FIRIFJK 5 .

12 BRI R NEAEE

Z: W Gardner P4 R G2 %) B0 24 IR AN 28 IR TR 9L
DT R 2T TE 5 S AE Ja 5 — RAIMIEC R 7 ~ 94~ PF4r
H 1~ DM PR A BEANTE 31T LA 1 H Py 4 it 4]
HGEFREVE IR AN R I g CRYENR

FETJ& 3 #4k I N T & B AU (hormone
replacement therapy, HRT) & P, A T J8 B4 R R
HRTAIHRTHF 54, B TTHRTAE R T H &2 ~ 3 X
TSR IR CR RO R 5l 713,75 mg (VUK, 11
ANERTI 254 FRA T, BE28 dJF - ah FIRMER ZE (SR
¢l by, o 2R 25 A BRA F]), HRTRN A B3 T H &
552 ~ 3RTIT IR T IRMERCER , R PR 150 207 38, i dh i i
4 mg/d, 74 A INFHIE2 mg/d, 8 mg/d. LA BELE
il FHMEBR A 13K L 15K 45 T132(150 pg/0.9 mL) G-
CSF(Hi 4, FF &l 2454 BRA 7)) dEAT B TR T7, T
J548 ~ 72 hill & ¥ 5 B R BE | Il 3 2 HOR R I
53T
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SER LN A S LB RS, X BRI A 320 e,
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22 BITEREER
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HI 2 AT A1, U0 2H £ i R IR 5 (56.86% ) 1o T
M (50.00% ), H AR ™3 (27.59% ) ik T X I
(37.50%), (A2 7 e g it% 5 L (P> 0.05) .
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L3, L, SEHG AL R G-CSF R T 1 5 1Y 9 5 R
JEC(0.67+0.1) em )R THEVERT( (0.59+0.09) cm ], /5

R1 —REBLE
Table1 Comparison of the general data

Variables G-CSF group (n=51) Control group (n=32) U P

Agelyr. 33 (29-36) 32(29-35) 778.5 0.725
Infertility years/year 4(2-6) 3(2-5) 712 0.326
BMI/(kg/m”) 22.4(21.2-23.3) 21.4 (20.1-23.5) 722.5 0.381
AFC/case 11 (6.00-22.00) 9 (6.25-11.75) 626.5 0.075
AMH/(ng/mL) 2.82 (1.16-5.57) 1.83 (1.19-3.38) 651.5 0.124

Data were presented as median (P,;-P,;). BMI: body mass index; AFC: antral follicle count; AMH: anti-miillerian hormone.

®2 BREBLLR

Table2 Comparison of the pregnancy outcomes

Variables G-CSF group (n=51) Control group (n=32) X P
Clinical pregnancy 29/51 (56.86%) 16/32 (50.00%) 0.373 0.541
Spontaneous abortion 8/29 (27.59%) 6/16 (37.50%) 0.123 0.725

*3 LWAG-CSFEREINEMNEER (n=51)

Table 3 Endometrium thickness,volume and blood flow parameters before and after G-CSF intrauterine perfusion in the experimental group (n=51)

Variables Preperfusion Postperfusion t P

Thickness/cm 0.59+0.09 0.67+0.10 —-7.608 <0.001
Volume/cm’ 1.5420.69 1.84+0.81 —4.249 <0.001
VI 5.1£5.2 5.9+6.0 —-0.728 0.470
FI 16.30+3.37 16.75+4.23 -0.713 0.479
VFI 0.99+1.04 1.97+2.82 -2.304 0.025
PI 1.04+0.34 1.04+0.32 0.047 0.963
RI 0.58+0.09 0.58+0.10 0.291 0.772
S/D 2.54+0.73 2.51+0.70 0.184 0.855

VTI: vascularization index; FI: flow index; VFI: vascularization flow index; PI: pulse index; RI: resistance index; S/D: systolic peak velocity/diastolic velocity.
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Fig 1 The endometrial thickness (A and B), volume (C and D), and blood flow parameters (E and F) of the preperfusion (A, C, and E) and postperfusion

(B, D, and F) in a patient
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FUZE ARTU Y N T3 B 2220004, W58 & BLAERIF &
T N FH G-CSFRERS 4 S IR SIG B R %, B G-CSFAE
ARTAIUHS Y 13 38 2, 28 % G-CSFR MR i it 2 RAIL 1 (14
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RE S A5 [ Th2 . 38 i Treg THIME, I H3 M % Rt
PR AR I B AL AR, G-CSFRE BEIRIA 3 IR IR
o= ORIl S a7 Al S I SN T B U 1
PI3K/AKtHIErk {5 530 [, 1 ik 5% 240 i v 4 ) 2 11 it -
209493 M LIRS P B A R B A, DA B R i
PR o — 3R RS M U il AL X R G 8 & B N T T G-
CSEXF I R AE IR FFE IR A i, (A 22 R85t
Phefa X, — I A1 01670 F W meta /3 BT R, G-
CSF ] & 3 4 = I PR 4T Uk % (CPR, RR=1.89, 95%CI
1.53 ~ 2.33)", ARSI K L G-CSFES T 1 RE i 3 i Y
TE IR I RS 5, (H R TREAS BN, 2255 040
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G-CSFREA i 5 A T 5 R H ERM A il . A
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CSFREN W38 hn ] J5g A b Rz 4% TR (PCNA) 1 4
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S, DABOS SIS 80 B0, R AT N AR
ERI 38 P A 5 B S ) i (I PR UE 3K

* * *

FEETERA Y /AR TIe SO R, B o 4 . AE UL TR A AT
FE BT 7k DT A R, SR AEREIR, BpE, BRIE, ATRUL IR S
5, B LA TER SO Bl o 4 . 2038 ARH. P50 vk . WIS H A
B UGE, AT 5 S R S AR, TR TES AN ChBE G ST SO A
W R, AR R ST AT IY . BT FEI0 H & AR B R,
ZEPE R hET . EMEE . Wi DERES AT ATA1E

FH ORI SR P AT, HLXH 2R R A RAS HEA T I 28 2 A, I
IR ZxF AR I A 7 5157

Author Contribution XU Shaorong is responsible for conceptualization,
data curation, formal analysis, investigation, methodology, project
administration, resources, software, validation, visualization, and writing--
original draft. MA Qianhong is responsible for conceptualization, data
curation, funding acquisition, methodology, project administration,
validation, visualization, and writing--review and editing. ZHANG Yao, HE
Wei, and MA Ying are responsible for conceptualization and supervision.
AN Yinhua and LI Junlin are responsible for investigation, project
administration, and resources. LI Dan, LU Wei, MA Qinqgin, YONG Jiajia,
LAI Ting, SU Lian, and XIANG Hong are responsible for resources. All
authors consented to the submission of the article to the Journal. All authors
approved the final version to be published and agreed to take responsibility

for all aspects of the work.
RIFEWR  Ira 1EE P BRTEAER 2 th e
Declaration of Conflicting Interests All authors declare no competing

interests.

2 % X #

[1] AMIR W, MICHA B, ARIAL H, et al. Predicting factors for endometrial
thickness during treatment with assisted reproductive technology. Fertil
Steril, 2007, 87(4): 799-804. doi: 10.1016/j.fertnstert.2006.11.002.

[2] MOMENI M. A meta-analysis of the relationship between endometrial
thickness and outcome of in vitro fertilization cycles. ] Hum Reprod Sci,
2011, 12(4): 130-137. doi: 10.4103/0974-1208.92287.

[3] ZHANG X, CHEN C H, CONFINO E, et al. Increased endometrial
thickness is associated with improved treatment outcome for selected
patients undergoing in vitro fertilization embryo transfer. Fertil Steril,
2005, 83(2): 336-340. doi: 10.1016/j.fertnstert.2004.09.020.

[4] SINGH N, BAHADUR A, MITTAL S, et al. Predictive value of
endometrial thickness, pattern and subendometfial blood flows on the day
of hCG by 2D doppler in in vitro fertilization cycles: a prospective clinical
study from atertiary care unit. ] Hum Reprod Sci, 2011, 4(1): 29-33. doi:
10.4103/0974-1208.82357.

[5] MARTINS R S, OLIANI A H, OLIANI D V, et al. Subendometrial
resistence and pulsatility index assessment of endometrial receptivity in
assisted reproductive technology cycles. Reprod Biol Endocrinol, 2019,
17(1): 1-7. doi: 10.1186/s12958-018-0446-7.

[6] GLEIEHER N, VLDALI A, BARAD D H. Successful treatment of
unresponsive thin endometrium. Fertil Steril, 2011, 95(6):
2123.e13-2123.e17. doi: 10.1016/j.fertnstert.2011.01.143.

[7] GLEICHER N, KIM A, MICHAELI T, et al. A pilot cohort study of
granulocyte colony-stimulating factor in the treatment of unresponsive
thin endometrium resistant to standard therapies. Hum Reprod, 2013,
28(1): 172-177. doi: 10.1093/humrep/des370.

[8] BAMDDH, YUY, KUSHNIRV A, et al. A randomized clinical trim of
endometrial perfusion with granulocyte colony-stimulating factor in in

vitro fertilization cycles: impact on endometrial thickness and clinical


https://doi.org/10.1016/j.fertnstert.2006.11.002
https://doi.org/10.1016/j.fertnstert.2006.11.002
https://doi.org/10.1016/j.fertnstert.2006.11.002
https://doi.org/10.4103/0974-1208.92287
https://doi.org/10.4103/0974-1208.92287
https://doi.org/10.4103/0974-1208.92287
https://doi.org/10.4103/0974-1208.92287
https://doi.org/10.1016/j.fertnstert.2004.09.020
https://doi.org/10.1016/j.fertnstert.2004.09.020
https://doi.org/10.4103/0974-1208.82357
https://doi.org/10.4103/0974-1208.82357
https://doi.org/10.4103/0974-1208.82357
https://doi.org/10.4103/0974-1208.82357
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1186/s12958-018-0446-7
https://doi.org/10.1016/j.fertnstert.2011.01.143
https://doi.org/10.1016/j.fertnstert.2011.01.143
https://doi.org/10.1093/humrep/des370
https://doi.org/10.1093/humrep/des370

F3W AR SR B IRVEE RN A R R B R T A TR PR AR RO 2 ) AR e AR R 579

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

pregnancy rates. Fertil Steril, 2014, 101(3): 710-715. doi: 10.1016/j.
fertnstert.2013.12.016.

ROBERT C A, ABBAS M K, ZAIDI A R Z, et al. Mediator in the embryo-
endometrium cross-talk: granulocyte colony-stimulating factor in
infertility. Cureus, 2019, 11(8):€5390. doi: 10.7759/cureus.5390.

ZHANG Y, CHEN X, CHEN S, ef al. Intrauterine administration of G-
CSF for promoting endometrial growth after hysteroscopic adhesiolysis: a
randomized controlled trial. Hum Reprod, 2022, 37(4): 725-733. doi: 10.
1093/humrep/deac023.

RAPOSO C G, MARIN A P, BARON M G. Colony-stimulating factors:
clinical evidence for treatment and prophylaxis of chemotherapy-induced
febrile neutropenia. Clin Transl Oncol, 2006, 8: 729-734. doi: 10.1007/
$12094-006-0119-4.

WURFEL W. Approaches to a better implantation. ] Assist Reprod Genet,
2000, 17(8): 473.

SCARPELLINI F, SBRACIA M. Use of granulocyte colony-stimulating
factor for the treatment of unexplained recurrent miscarriage: a
randomised controlled trial. Hum Reprod, 2009, 24(11): 2703-2708. doi:
10.1093/humrep/dep240.

XIE Y, ZHANG T, TIAN Z, et al. Efficacy of intrauterine perfusion of
granulocyte colony-stimulating factor (G-CSF) for Infertile women with
thin endometrium: a systematic review and meta-analysis. Am ] Reprod
Immunol, 2017, 78(2): €12701. doi: 10.1111/aji.12701.

FURMENTO V A, MARINO J, BLANK V C, et al. Granulocyte colony-
stimulating factor (G-CSF) upregulates f1 integrin and increases
migration of human trophoblast Swan 71 cells via PI3K and MAPK
activation. Exp Cell Res, 2016, 342(2): 125-134. doi: 10.1016/j.yexcr.2016.
03.005.

FURMENTO V A, MARINO J, BLANK V C, et al. The granulocyte
colony-stimulating factor (G-CSF) up regulates metalloproteinase-2 and
VEGF through PI3K/Akt and Erk1/2 activation in human trophoblast
Swan 71 cells. Placenta, 2014, 35(11): 937-946. doi: 10.1016/j.placenta.
2014.09.003.

AMOOEE S, SHOMALI Z, NAMAZI N, et al. Is there any role for
granulocyte colony stimulating factor in improvement of implantation in
intrauterine insemination? A prospective double-blind randomized
control trial. Int J Fertil Steril, 2022, 16(4): 281-285. doi: 10.22074/ijfs.
2021.537125.1171.

ZHANG L, XU W H, FU X H, et al. Therapeutic role of granulocyte

colony-stimulating factor (G-CSF) for infertile women under in vitro

fertilization and embryo transfer (IVF-ET) treatment: a meta-analysis.
Arch Gynecol Obstet, 2018, 298: 861-871. doi: 10.1007/s00404-018-4892-4.

[19] JIANG L, XU X, CAO Z, et al. Comparison of frozen embryo transfer
outcomes between uterine infusion of granulocyte colony-stimulating
factor and growth hormone application in patients with thin
endometrium: a retrospective studyA Front Endocrinol(Lausanne), 2021,
12: 725202. doi: 10.3389/fend0.2021.725202.

[20] LIAN R, WANG X, LIN R, et al. Evaluation of granulocyte colony-
stimulating factor on the treatment of thin endometrium during frozen-
thawed embryo transfer cycles: a retrospective cohort study. Gynecol
Endocrinol, 2020, 36(4): 370-374. doi: 10.1080/09513590.2019.1658187.

[21] ISIK G, OKTEM M, GULER I, et al. The impact of granulocyte colony-
stimulating factor (G-CSF) on thin endometrium of an animal model with
rats. Gynecol Endocrinol, 2021, 37(5): 438-445. doi: 10.1080/09513590.
2020.1786508.

[22] EFTEKHAR M, NAGHSHINEH E, KHANI P. Role of granulocyte
colony-stimulating factor in human reproduction. ] Res Med Sci, 2018,
23:7. doi: 10.4103/jrms.JRMS_628_17.

[23] WURFEL W, SANTJOHANSER C, HIRV K, et al. High pregnancy rates
with administration of granulocyte colony-stimulating factor in ART-
patients with repetitive implantation failure and lacking killer-cell
immunglobulin-like receptors. Hum Reprod, 2010, 25(8): 2151-2152. doi:
10.1093/humrep/deq106.

[24] SANTJOHANSER C, KNIEPER C, FRANZ C, et al. Granulocyte-colony
stimulating factor as treatment option in patients with recurrent
miscarriage. Arch Immunol Ther Exp (Warsz), 2013, 61: 159-164. doi: 10.
1007/s00005-012-0212-z.

[25] CRUZ M, ALECSANDRU D, GARCIA-VELASCO J A, et al. Use of
granulocyte colony-stimulating factor in ART treatment does not increase
the risk of adverse perinatal outcomes. Reprod Biomed Online, 2019,
39(6): 976-980. doi: 10.1016/j.rbmo.2019.09.008.

(2024 - 01 — 18k, 2024 - 05 - 07f&[7])

HE T
FFRERER A SRR RIS 2 B 4 — AR R AT
4.0 bR AT PHL (CC BY-NC 4.0), PE4I{E B %1

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons
Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more
information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (PUJIRZAAR B2 Y AT A

Editorial Office of Journal of Sichuan University (Medical Science)


https://doi.org/10.1016/j.fertnstert.2013.12.016
https://doi.org/10.1016/j.fertnstert.2013.12.016
https://doi.org/10.1016/j.fertnstert.2013.12.016
https://doi.org/10.7759/cureus.5390
https://doi.org/10.1093/humrep/deac023
https://doi.org/10.1093/humrep/deac023
https://doi.org/10.1093/humrep/deac023
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1007/s12094-006-0119-4
https://doi.org/10.1093/humrep/dep240
https://doi.org/10.1093/humrep/dep240
https://doi.org/10.1111/aji.12701
https://doi.org/10.1111/aji.12701
https://doi.org/10.1111/aji.12701
https://doi.org/10.1016/j.yexcr.2016.03.005
https://doi.org/10.1016/j.yexcr.2016.03.005
https://doi.org/10.1016/j.yexcr.2016.03.005
https://doi.org/10.1016/j.placenta.2014.09.003
https://doi.org/10.1016/j.placenta.2014.09.003
https://doi.org/10.1016/j.placenta.2014.09.003
https://doi.org/10.22074/ijfs.2021.537125.1171
https://doi.org/10.22074/ijfs.2021.537125.1171
https://doi.org/10.22074/ijfs.2021.537125.1171
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.1007/s00404-018-4892-4
https://doi.org/10.3389/fendo.2021.725202
https://doi.org/10.3389/fendo.2021.725202
https://doi.org/10.1080/09513590.2019.1658187
https://doi.org/10.1080/09513590.2019.1658187
https://doi.org/10.1080/09513590.2019.1658187
https://doi.org/10.1080/09513590.2020.1786508
https://doi.org/10.1080/09513590.2020.1786508
https://doi.org/10.1080/09513590.2020.1786508
https://doi.org/10.4103/jrms.JRMS_628_17
https://doi.org/10.4103/jrms.JRMS_628_17
https://doi.org/10.1093/humrep/deq106
https://doi.org/10.1093/humrep/deq106
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1007/s00005-012-0212-z
https://doi.org/10.1016/j.rbmo.2019.09.008
https://doi.org/10.1016/j.rbmo.2019.09.008
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 资料与方法
	1.1 研究对象
	1.2 胚胎评价及内膜准备
	1.3 彩超参数
	1.4 黄体支持和妊娠确定
	1.5 统计学方法

	2 结果
	2.1 一般资料比较
	2.2 治疗结局比较
	2.2.1 实验组与对照组妊娠结局比较
	2.2.2 实验组G-CSF宫腔灌注前后内膜情况比较

	2.3 副反应

	3 讨论
	参考文献

