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WE. a4 TR AP KK (recurrent implantation failure, RIF) % 4 {2 % J& 4% i (frozen embryo transfer, FET)
WE T F WML 2 & A, oAt Rtk B e Hra, Tk AT AR, 42022 F3 A2
2024 5 4 A 47 FET /447 RIF &% 80 # (RIF ) fw 4 R 3t 47 FET #94E RIF %% 80 #) (xR 40) . @i Aam fin &
F O\ BB 9P 6 i & (follicle-stimulating hormone, FSH) |3 ¥ %) & % % (anti-Miillerian hormone , AMH ) & #% 44 &7
J& B Rk 69 f & 1 % A K B F (vascular endothelial growth factor, VEGF) . & 4m b4~ %-18 (interleukin-1p,
IL-1B) .44t 4 & B -F-B1( transforming growth factor-B1, TGF-B1) #=F #% % -y (interferon-y, IFN-vy) % %8 fte. H F ,
WAETE AR A, R T B W IEIR G Ry, LA A ACER (6 RAER RS B e R R, B R R
FF0 S AELHIRITH A RIF B4 6 RIERM IR AR B £, 4% A4, RIF 28 IL-18 TGF-B1 #= IEN-y &
T & T2 BB 20 (P<0.05) , #4455 VEGF #= TGF-B1 /K- 34K T 2 B 28 ( P<0.05) ,  IL-1B #= IFN-y K355+, £
F A Gt 5 & SL(P<0.05) . HE4k%E B o @ RIF 2069 16 Rk % Ao % 7 2 4& F 2 BB 41 (P<0.05) , 2B & 5H e
2 RER 2473 27 , FSH AMH #45j5 IL-1B #= IFN-y & % RIF & %16 R itk o9 £ 2 3 % B % (P<
0.05), #4# RIF &4 T F ABMIRSLA AL % J& K& X4, FSH, AMH # H 5 IL-18 & IFN-y /K-F % Fa FET
AR B I S e H

KR R ALK R RS AL T & WS IR 45 B
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Changes in endometrial microenvironment and its impact
on pregnancy outcomes after frozen embryo transfer in patients with

recurrent implantation failure

ZHAO Jianhua, FAN Yanling, FENG Chengwen
( Department of Reproductive Genetics, Tangshan Maternal and Child Health Hospital, Tangshan 063014, Hebei, China)

Abstract: Objective To investigate the dynamic changes in the endometrial microenvironment before and after frozen
embryo transfer ( FET) in patients with recurrent implantation failure ( RIF), analyze their impact on pregnancy
outcomes. Methods This prospective study enrolled 80 patients with RIF ( RIF group) and 80 patients undergoing their
first FET without RIF ( control group) from March 2022 to April 2024. Serum levelsfollicle-stimulating hormone
(FSH) and anti-Miillerian hormone ( AMH) were measured upon admission. Changes in endometrial microenvironment
were evaluated by quantifying cytokines, including vascular endothelial growth factor ( VEGF ), interleukin-18
(IL-1B) , transforming growth factor-B1 ( TGF-B1), and interferon-y (IFN-v), in uterine cavity fluid before and after
embryo transfer. Pregnancy outcomes, including biochemical pregnancy, clinical pregnancy, miscarriage rate, and live

birth rate, were compared between the two groups. Univariate and multivariate analyses were conducted to identify
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independent risk factors influencing clinical pregnancy in RIF patients. Results

Prior to embryo transfer, levels of

IL-1B8, TGF-B1, and IFN-vy were significantly higher in the RIF group than in the control group ( P<0.05). Post-transfer,

VEGF and TGF-B1 levels in the RIF group were significantly lower than those in the control group (P<0.05) , whereas

IL-1B and IFN-y levels were significantly elevated ( P<0.05). The RIF group also exhibited significantly lower clinical

pregnancy and live birth rates compared to the control group (P<0.05). Both univariate and multivariate regression

analyses indicated that FSH, AMH, post-transplantation IL-13, and IFN-y were significant independent risk factors

affecting clinical pregnancy in RIF patients ( P<0.05). Conclusion

Patients with RIF demonstrate an immune-

inflammatory imbalance in the endometrial microenvironment. Serum FSH and AMH levels, as well as post-transfer

IL-1B and IFN-vy levels, serve as independent predictors of FET pregnancy outcomes.
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S 52 FiRE 2% W ( recurrent implantation failure
RIF) J2&4f Bl 4= 5 $ K (assisted reproductive techno-
logy, ART) , JUHJEIASNZHE (in vitro fertilization,
IVF) 3 38§ o f5c Bk 11 L i oK il o 7 a2
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1.1.1 BFFERt4

ATBEPEBESE 2022 4F 3 H & 2024 4F 4 H TAPE
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IRIR RS R B 4 AL A0S I SN I i ok
3 ML A B IR R AR AR I PR AT R, s R
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[ (estradiol, E2) i ( progesterone, P) . S2 [ ( tes-
tosterone, T) .#WAFL 2 (prolactin, PRL) | M PU i 4%
¥ 2 (anti-Miillerian hormone, AMH ) J- 317 B iE 8
FAkLAY , AL O S0 & DI RE R B 5 0L, X TFAEAE
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6 mg/d, 5 2~3 R H ik, FF4E 10~ 14 d J5 , IRPEF 5
DAY R JEE BRI I Y R KRR o, S RS
JEL ] 8 ~ 12 mm, Il 7 E2 i5 %] 150 ~ 300 pg/mL
BF I FH B AT SR A7 P B Ak, B AR TR R R L PR
S 77, 40~60 mg/d, LTS 3 ~5 d 5 #ATIE
liFEE2ZiE

A AL R FEAR T , RS20 T oo PRI 2+
BRTIRE, F R AT, R E RS 14 d A s A
HERAEPERR L ZE B (human chorionic gonadotropin,
B-HCG) HIWr & 4Tk, A5 i Uk, Ak 2 i ik 45 &
TR 8~ 10 Ji , B Wris 152
1.2.1.2 XFERAMIRYT TR
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DASFEAT&T AN P S T3 Ak B 25 1 A R A B S
(ANEEERGARTF 7 mm (HJCH A ™ & 0] | 457 1%
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TMER R WAL R, S N BB IR B =7 mm A
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FET Jili 07 %8 . Ko & R T A SRR 2%,
MH Z A 8 ~ 10 KIF4f , 18 o3 B 18 &8 75 W il o
HWERBEN, MO A E] 18 ~20 mm B,
S5 HCG 10 000 IU 5K HE0R . HEBRS 3~5 d FEATR
GRS, X A 4 R A Bl A e HE D R 1Y
B RN T 58, 77 215 RIF 4, (HE 15 R
I —WE R FEE—BR 4 mg/d ARSI LR L

ARG A MRS |, 25 T B AR 261 7 B A
SCRE, R T 918 T B U TR RO BE (B
200~300 mg/d, 4 2~3 IKHIE 42, Frsk R A G
14 d K B-HCG, A ULk , db 22 B A S HE 2 4T Ik

8 LA, B s A5 2
1.2.2 WEAER
1.2.2.1  FEAEATIG e s A i R 22 4k

T AT B s WA AR Y AE RS A A ( B AR 45 2555 5
KOUEIEREAERT 24 h) MIBAE S (WEIRTE 25 3 K, B
FJE 72 h) 73 5R %, AR RN EESELA
SRAMIEMW A 5 mL Jo A BEER K, B ZE wh Uk ) 1Tk
WK, PrAEAELE B BTSN 5K, AR e
S5BHE 22 X5 Gy, a1 il K e % W B 7 (enzyme-
linked immunosorbent assay, ELISA ) il £ & & i
FEVEW M58 9 B A K - (vascular endothelial
growth factor, VEGF) .y T-#Z (interferon-y, IFN-y)
FI 4RI/ 3R -1B (interleukin-1B, IL-1B) FIFE 1L A
[X+-B1( transforming growth factor-B1, TGF-1)
1.2.2.2  GEURES R ITAG

RIRFEHE T 12~ 14 d XTI 2H AR5 DA B 235 sy it
Frvbfli . WRRRRSHIIG 12~ 14 d A I 7 B-HCG 7K
-, Il B-HCG <5 TU/L R 4R, #7 I i B-
HCG =5 IU/L $#&/R IR (0 28 )5 22 BT B 75 4 A R
WEL N N2 W SOR A AR I IR 5 B 18 75 R
A0l LA OR R ol IO B, W SOk I IR 4
(IR SERTER Nz P UIE 2SI Rk s I i o e R NS A
FESCRHIGIRAEYR . I IREEIRIA NG | i URAE 20 i 2
H A SRZ AR i ™ s i Rk ) 28 Ji KX LA -, Bl D)
U AEIE LR, AR RIF B 2 &k 2k
IR AT WK 35 A Rl PR AT DR 2 AN R I R AT R 2H
1.3 GitFatE

SR SPSS 25.0 it HEBRI x+s KR,
ZH 8] Fe AR ST REAS ¢ K56 T AR A n( %)
Fon A SR Y R 56, 7EIbIeat [, R A
& logistic [M1H 74528 i S5l R IE DRSS JR Z (A1 1) ¢
Z FFHST HAE E (odds ratio, OR) M H: 95%CI, %f
FHRRERZE M EAE SR LR, RAZH
% logistic [FIHAHT 520 RIF £ 25 I A 4E U i) 4 57
fal R &K | il 1 57 1% T AERFE (receiver operating
characteristic, ROC) {1246 5 i 37 1 B PR 25 114 Tt
Wil AR KHE «=0.05(XUI)

2 #F R

21 BEEZAER

RIF 25 1 B AR 225 BMI, N T ™ 5 |
e ML G S W PR s 2 B W s R P R
JE AR ER TG L (P>0.05) . PR
ANZEAETR FSH fll AMH Ml L 2 5 A Giit %2 X
(P<0.05), W51,
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Table 1 Baseline data of the patients
B2 RIF 2 (n=80) Xt HEZH (n=80) % P
AW % 0.427 0.514
<35 48 52
=35 32 28
25T BMI/ (kg/m?) 0.693 0.405
<24 50 55
=24 30 25
AN PR/ A 4.64+2.15 3.71+1.29 3.292 0.001
NG5 0.552 0.457
H 17 21
I 63 59
1R IR R s 0.784 0.376
H 14 10
" 66 70
BH IR S 0.843 0.359
H 13 9
Jc 67 71
W AR sl 1.114 0.291
H 11 16
Jc 69 64
FSH/ (IU/L) 7.06+1.41 6.39+1.65 2.741 0.007
AMH/ (ng/mL) 3.18+1.60 4.13+1.53 3.815 <0.001
T E N EEE/mm 9.49+1.63 9.67+1.53 0.716 0.475
ARHRY 0.795 0.373
J 19 22
gk 2k 61 58

22 FEMNEXRERMEERTWK

FEMIAT RIF 415 % 41 | % ) VEGF 2 %G
it XL (P>0.05) , 1fii RIF Z0 1% IL-18 , TGF-B1
HIEN-y 36 Y7 R34 3 T X BB 41 ( P<0.05) , B M e
RIF ZHf#) VEGF £ TGF-B1 WM T X} 8 4H (P<0.05) ,

IL-1B Fll IEN-y 55 T X B4 ( P<0.05) . B M Tl 5 22
SEHAEH, RIF 4 /9 VEGF 1 TGE-B1 34 5 /N T %F
B2 (P<0.05) , 11 IL-18 F1 IFN-y [T i i 3 )
FXFHRZH (P<0.05) ., WLFE 2,

2 FENREBASRRE/ (pg/mL)
Table 2 Changes in endometrial microenvironment indicators/ ( pg/mL)

R ] 4 RIF 41 (n=80) X HEZH (n=280) t P
VEGF HABTT 88.24+26.22 91.75+21.36 1.454 0.148
MR 125.81+24.18 144.86+33.29 4.141 <0.001
A5 25 37.35+19.16 53.11+20.11 5.075 <0.001
IL-1B FAETT 12.62+4.62 9.16+3.22 5.495 <0.001
BAEE 50.17+14.04 27.48+8.31 12.439 <0.001
2R 37.55+10.24 18.32+7.06 13.680 <0.001
TGE-B1 R AT 63.62+20.62 42.96+16.84 6.941 <0.001
BAEfE 265.31+65.44 288.95+59.75 2.386 0.018
Al 2 5 201.69+47.13 245.99+41.93 6.281 <0.001
IFN-y AT 31.95£8.19 18.62+3.74 13.242 <0.001
MR 37.68+9.04 20.45+4.26 15.421 <0.001
HIE 25 5.85+3.06 1.83+1.31 10.802 <0.001
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23 BEIREBLER TEIG RAT GR 4 F 35 v RIF 403577 15 61 (38.46%)

RIF ZH R0 B2 AR B A AR AR R AT IR 16 24 f1(61.54% ) s X FEZH V07 10 4] (18.52%)
FHIE 22 S5 ToGe 2% 2 L (P>0.05) , 1 RIF ZHAYIGIR - 167 44 151 (81.48% ) . RIF 4 (37 5 i T4 A ZH
YR YRR AN 7= R AL T X B4 (P<0.05) , W5 3, (x*=4.582,P=0.032) ,

K3 ALRE LIRSS )R UL

Table 3 Comparison of pregnancy outcomes between the two groups

21 5] KT YR AT R I PR AT U
RIF 41 (n=380) 11(13.75) 30(37.50) 39(48.75)
XHIRZH (n=80) 6(7.50) 20(25.00) 54(67.50)
¥ 1.645 2.909 5.778
P 0.200 0.088 0.016

2.4 0 RIF G REIRE BEEE S
HAE RIF 3% FET J5 2 & 5 IR 4T O K (8 34 43

SR RS B 2 A W DA R 21, 3 2ok B PR 3R 0T

I AE4F % FSH  AMH #24 J5 IL-18 FIFSAE 5
IFN-y fE1EG #2557 (P<0.05) . W 4,

F 4 B RIF G RAEYR 0 50 2 20 b
Table 4 Univariate analysis of factors influencing clinical pregnancy in RIF patients

S ik "“k”(rf iﬁffﬂ ﬂi”?ﬁiﬁﬁfgﬂ OR(95%CI) P

R (<35 8 /=35 %) 30/9 18/23 0.235(0.089~0.618) 0.003
Z{ 7 BMI( <24 kg/m’/ =24 kg/m*) 22/17 28/13 1.664(0.668 ~4.146) 0.274
N R/ A 4.51+2.10 4.76+2.22 1.055(0.859~1.295) 0.612
NI (A/7) 10/29 7/34 0.597(0.202~1.768) 0.352
RILERGEL (A7) 5/34 9/32 1.912(0.579~6.318) 0.288
VIR R L (/) 7/32 6/35 0.784(0.238~2.579) 0.688
AR (A /TG 7/32 4/37 0.494(0.132~1.843) 0.294
FSH/ (1U/L) 6.57+1.47 7.51x1.21 1.718(1.181~2.498) 0.005
AMH/ (ng/mL) 3.74%1.50 2.65+1.53 0.618(0.447~0.855) 0.004
T B NEEE/mm 9.69+1.60 9.29+1.66 0.857(0.649~1.130) 0.274
ANHI (R AR E) 8/31 11/30 1.421(0.502~4.019) 0.508
W Hi)5 VEGF/ (pg/mL) 129.60+24.70 122.19+23.40 0.987(0.969~1.006) 0.173
)5 1IL-18/(pg/mL) 43.22+11.86 56.78+12.80 1.046(1.046~1.150) <0.001
HHiJ5 TGF-B1/(pg/mL) 266.84+69.46 263.86+62.22 0.999(0.993~1.006) 0.837
At JE IFN-v/ (pg/mL) 33.46+8.61 41.70+7.56 1.139(1.063~1.221) <0.001

#2Mn RIF I REIR S EE 5

i X BRI A P<0.2 BT AR DL R 22
AERR UE AT £ I K logistic [0 V5 43 #, & B0 & B
FSH A AMH 3 = B R TL-18 A &5 11

2.5 FettJs IFN-y 2 BUERH FET J5 ARl PR 4E 8k 49 20
SLIERE I ER (P<0.05) , AR AN 22 AF IR AN A
VEGF A& 5% 0 3 8 # FET J5 I R 4 Uik 19 2 57 [

R(P>0.05), W&S,

5 2 RIF IGREIRM 2 B R 5007
Table 5 Multivariate analysis of factors influencing clinical pregnancy in RIF patients

AR B SE Wald y* OR(95%CI) P

AEIR -1.274 0.750 2.887 0.280(0.064~1.216) 0.089
ANZEAERR 0.252 0.169 2.203 1.286(0.923~1.792) 0.138
FSH 0.643 0.299 4.619 1.902(1.058~3.417) 0.032
AMH -0.567 0.238 5.668 0.567(0.356~0.905) 0.017
##i)5 VEGF -0.022 0.015 2.072 0.978(0.949~1.008) 0.150
BH)E IL-18 0.103 0.033 9.907 1.109(1.040~1.182) 0.002
M5 IFN-y 0.115 0.050 5.378 1.122(1.018~1.237) 0.020

AR RE IR (0=J2, 1=75) ;4F#% (0=<35 ¥/, 1==35 %) ;FSH . AMH 45 IL-18 FSHEJT IFN-y ARG ES AL i,
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2.6 ThIzfEkEEMTANE

HAELL B2 3R logistic 73T 4521, 221l ROC
iS4 ST e 6 PR 2R X I AR A e 2 SR 1 Tl 47
{& ,FSH A9 il1£k T i #X (area under the curve, AUC)
47 0.704, AMH () AUC K 0.688, B4 5 IL-1B f4
AUC H 0.800, # 45 IEN-y 1) AUC H 0.764 , 4 ¢l

A I6 5 T I0 A TR 5 7 P 7 0 G g g, L AUC
PR A 0.887(95%CI: 0.812~0.962) , 75 fx A5
fH(5.165) T , R B FRR 5 B2 43 513k 21 81.59% Fil
85.37% L3k 6., MIFALEIRIZ b RE , iE— 2R
FHAH7 38 B 4T N R 951, i 75-°F- 34 AUC K
0.862 , F LR AR ELAT R4 H AR A Bull A

# 6 ROC HhLkHid
Table 6 ROC curve data

FEES AUC TR/ % REEE/ % YPEIEE % I
FSH 0.704 87.80 51.28 39.09 6.425
AMH 0.688 53.66 82.05 35.71 2515
Bt IL-1p 0.800 63.41 89.74 53.16 55.625
A G IFN-y 0.764 58.54 84.62 43.15 40.840
A TR 0.887 85.37 81.59 66.96 5.165

J e AR R R PR A, B R KO AR

RIS o . AT RESE I T 9 AG S2 1, AR T IR R 2 R Y

RIF J& ART f%) SR, AAIE 57 Hi B s 2 W
TESE  RIF 3 FET [ RV 7E 75 N IR R 5% 4
PERNE SR M7, 2P K IL-1B \ TGF-B1 K IFN-y %2k
KT A I i — 2 1 8 VEGF LA 2 |
IL-1B 1 IFN-y $74% 5 ik 1Y 58 i P 284k, Hix s
FLARS Sl PRAT %6 16 7= 2R I 35 B AR L4 A 56,
ZHZE 5 A7 B #, FSH T+ = . AMH FEAK . B M5
IL-1B }% IFN-y 33k 2 RIF % FET J il R i R
SR ST G PR 2R A i DR 1] S 4 TORG U
(R EE Y2 ERR R

AHF5E RIF 415 X B4R 22 42 ) FSH &
AMH W25 A gt 2 X, nl BeXt 45 1 = AW 7E
TRARN , ANZAF PR A ] 3 o SR RS TR N 3 12
P 5 IR P9 B AR R B 2 RL Y L i FSH T
AMH FEARAE N B S04 25 N BE A R0 d8 b, B Ak
FAFHIE R G, L B i 2t v 58 2o 53R 40
A R UR A T IS 32, SRR TSR T AR
BRIFE, SE R ARG E R, AT 4] FSH
FAMH 7KF-¥ 40 A2 B I IE # Y5 H (FSH< 10 TU/L,
AMH>1.1 ng/mL) , BEA:HF5Y 30 % F FSH>10 IU/L
o, AMH<1.1 ng/mL 1F 4 59 SL4i# 5 D BE N 2 A1l R
B (AR R, B I H YL B, FSH
F1 AMH BARXT A2 ARATY AT fi s i B9 S 25 Dy fig 1Y) 22
S I8 R MR R O S A R s T N A A2
P, T X RGP A 5

IL-18 BN A% 0 58 AE A 5, e 5 7K SF 1l 3400
NF-kB il j% A2 4 1k PR 720 0, DA T 484 568 JR) 35 5%
i SN, AR 2E Th Y G058 5 I 8 T R A 92 4t i v
U7 TGF-B1 FEF 5 PN B B4 I 45 A= A 40 i 40 3%

IFN-y {0 S0 (% Thi B 40 X7, Hows e skl 4
Tl PRI ) S5 40 6 1 gt Ak AR [ B IL-18 55
IFN-y Al P= A [FVE T, il ad i 5 — A AL/l 22
TG R A AR R S, DT S — A5 48 405 P
TOAREE , AR FIRIG K, RIF 5 7E B 1 m
BIf£7E IL-18 , TGF-B1 Il IFN-y [ 3£k /K - F+ 5
MM )Gk — 4 £ W K VEGF IR & K IL-18/
IFN-y FREEm 235, e 25 00 PR AT Uik 3 A0 7= 5
R, X ELE R 54 T RIF G oAbk
JARRFF A —3 D W IR IR —
FE B JC B P R PEIRES 38 2 /KF /Y IL-18 \IFN-y A]
P ETF By NI 9 5 e it 27, A 3 i S IR AR
FITFHER>S . B F B8 E R ET 45T 10 B ]
VEARBAR TR S A B B R, LAV SORE KT, AT 4
I R RE

AWFFE R IL-1B8 1 IFN-y A5 THE 78 Thi
T8 SN 3t B ST , T R I 5 TG Ak NK 4i
it | I 20 i A5 58 A0 L T HE R I 5 IR, Zhang
S8 AE A JF B S W B9 RIF B %2 )
CD56dim NK 4t g LA 7 55 K2 M1/M2 B 1 4 i A
I A, 7R 5 A IR ) 38 B 928 SRE S W R X
IFFE L5 SR DA G 92 40 )23 T S Rp 1 AR B 5% L5 31 1Y
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