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Study on the correlation between endometrial receptivity and pregnancy outcome in patients with
recurrent spontaneous abortion evaluated by multimodal ultrasound imaging
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Abstract: Objective: To explore the correlation between endometrial receptivity (ER) and pregnancy outcome by multi-
modal ultrasound in patients with recurrent spontaneous abortion(RSA). Methods: A prospective, double-blind cohort study was
conducted, in which 2458 cases who were evaluated by transvaginal ultrasound in the middle luteal phase(7~9 days after ovu-
lation) in Weifang People’s Hospital were selected. After screening, 98 cases with RSA were randomly selected as the study
group, and 96 normal people(no history of spontaneous abortion) were randomly selected as the normal control group. The en-
dometrial morphological parameters (endometrial thickness, endometrial volume, endometrial type and endometrial peristalsis fre-
quency) and uterine hemodynamic parameters (endometrial and subendothelial blood flow types, vascular blood flow index(VFI),
vascularization index(VI), flow index(FI), the ratio of uterine artery systolic peak blood flow velocity to end diastolic blood flow
velocity(S/D), uterine artery pulse index(Pl), resistance index(RI)) were recorded in the two groups respectively. The pregnancy
outcomes of RSA group and control group were tracked and divided into RSA pregnancy success group (46 cases), RSA non-
pregnancy group(52 cases), normal pregnancy success group(80 cases) and normal non-pregnancy group(16 cases). The ultra-
sonic parameters of endometrial receptivity of patients with different pregnancy outcomes were analyzed by statistical method,
and the predictive value of each parameter and its parallel diagnosis were analyzed by receiver operating characteristic(ROC)
curve. Results: The endometrial thickness, endometrial volume, VI, FI and VFI in RSA group were all lower than those in
[ %5 B #A] 2023-06-07;[f& B H #3] 2023-07-25

[TEE® ] BRI (1998-), 55, INAR#EED A AE AL 0F 52 A4 . E—mail : 836869460@qq.com
[EAE1EE] & s, M AR EBEHE AL, 261041, E-mail : wigaol977@163.com



.52 . Fp I R B 2 5% 2% 8 2024 4F28 35 455 1 1] J Chin Clin Med Imaging, 2024, Vol.35, No.1

the control group, while the RI, PI and S/D of uterine artery were higher than those in the control group. Tracking the preg-
nancy outcome: the VI, FI and VFI in RSA pregnant patients were significantly higher than those in RSA non-pregnant
group, with statistical significance (P<0.05). The pregnancy success rate of type I, Il and Il intima blood flow was 63.8%,
77.6% and 92.5% respectively, and the pregnancy success rate of type A, B and C intima was 89.8%, 66.6% and 65.5% re-
spectively, with statistical differences. Through ROC curve analysis, the best cutoff value, AUC, specificity and sensitivity of
each ultrasound parameter were: endometrial thickness(6.2 mm, 0.664, 0.365, 0.894), endometrial volume(2.13 cm®, 0.776, 0.500,
0.831) and uterine artery RI (0.84, 0.639, 0.472, 0.788), PI (2.27, 0.591, 0.493, 0.692), S/D (6.295, 0.622, 0.788, 0.507), VI
(6.09, 0.846, 0.923, 0.655), FI(12.61, 0.736, 0.769, 0.704), VFI(0.775, 0.841, 0.904, 0.676). The AUC, sensitivity and speci-
ficity of parallel diagnosis of each parameter in predicting pregnancy outcome were 0.867, 82.4% and 84.6%. Conclusion: Ul-
trasound examination of RSA patients in the middle luteal phase reveals significant differences in endometrial morphology and
hemodynamics compared to normal individuals, ER can predict pregnancy outcomes in RSA patients through ultrasound tech-

nology, and the value of diagnosing endometrial receptivity in parallel with each ultrasound parameter is greater than that of a

single parameter.
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Figure 1.

and VFI are low, and the intima volume is small.

RSA patient, 29 years old, with 4 RSA history. Figure la: sparse punctate blood flow signal under intima; Figure 1b: VI, FI

Figure 2. Normal person, 28 years old. Figure 2a: abundant blood perfusion can be

seen in the intima and under the intima; Figure 2b: VI, FI and VFI are all high, and the intima volume is large.
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Figure 3. ROC curve of intimal thickness, volume, intimal and subendothelial VI, FI and VFI for predicting pregnancy outcome.
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(5P ER AT S SR SEmE I A5
SR FH 20 B850 P RO I 5 A BB 25 2 1 L
WAl 1% 53 HT ER 5 RSA (B WL URES J5) i AH Gk

3.1

TEARBEFL RSA BHHEIRE B X A

ABF5E RSA 41 H WA A1) B AL C Y Py
S B AL PN AT IR B ) % (66.6% ) (C 7Y P R AT
BRI (65.5% ) AR A #Y P4 B4 ik ok oy %%
(89.8%) , — Tl PN ST 25 2 43 8 S A% PN 8 28 7K 1
Ak, X HRE BRI C AN A RSA B 45l
MO AT BEARTT 3 350 PN 8 1) o il 7 X PAT 2 T
PR URZS AN B, i 98 28 7K T 5 w8 1) Ak 3 9 44
B A RIS B0 ER GE IR R &, S0 %%
ORI — B, SN, XUES R RN R
e 2 JE AR, 253 - N I A 2T 40, S B0
LB T, TR R R 2R % ER TR

4  FE K RILPLS/D FU 4T 4R 45 5 i ROC #hi £k .

Fig-
Figure 5. ROC curve of parallel diagnosis and

T L R P B IR R R ORI R B 6
AT RSA 415 %5 FEZH ) 5 IS BE A 25 W1
225 His it ROC #4453 Wi E -0 6.2 mm, 75
R FE /N T 6.2 mm A9 RSA B F T IR H 24%
KF 6.2 mm K 54.8% T URAGE] BLE T, HL
ROC. [H1£& 43 Br B 40 5 P B8 J5E J32 390 00 48 ik &5 s 114
SR (0.365) , 31X 5 B R E Y Meta 43T 15
W —3, AN /N T 6.2 mm 1) RSA &,
15 6 BT RS Ja M B RR AT R AR Ty, 43 W3k 6 i
TE NREE LAN B A SR, FENBIES
SR R A KL S ) B RS 1], TR Y L 3
YRSy TR S () DAY 145, 560 RV
W25 VP At 7 R P B I T PR
AT TS8R T REAT 4F (R 4T IR 45 R

TR R A SRR R DR ) I B R A



o I R B2 25245 4% 35 2024 4F5 35 555 1 # ] Chin Clin Med Imaging, 2024, Vol.35, No.1 .55 -

R4 S5 SE  EAR AR 10 T B R AR i, P
AWFFAE = A SR T , BN 0 RS
L e 5 Sk o 4 A B P A R AR R
W] RSA 0 5 X R WA A & & 2 5,
Hili ik ROC HhZefs i W Ry 2.13 em?, £ 5 N B
HRBUNT 2,13 em® i RSA & EIR %N 35.9%, K
T 213 em? 24 54.2% , i iR A5 2] B A F 22 ROC
2 23 BT A5 P R 1) I A AR 45 R 1
K 0.664, 1M F-E PN IR 28 AUHUI AT 01R 45 J 4 A (B A
0.776 , 55 P B 75 FRUE 7 DO BB RS B T A 1) )
W ER. Kovachev ZE0H Xt —H M TS, 45 R 2 T8
PN B BUR B A IS I 1) T e R 45 )
A G YRS B A e AE RSA 415 X B4 |
RSA IR i 20 5 RSA KU 24 2 18] 34 K 48 i 2#
225 {0 Kuijsters SFTA kB P JIE 8 2 451 %8 >3 1K
B, 5 1R UR 45 Ja 2 GOAH G 20 BT D R AT e O 468 B 4%
Sk 2R T IR B g BT SR HLAR G P
055 Bl LA A IR B 5% oK ke il R AT RAEAS 2 o iF 5
] if 285 & N TR Re ik — 2B ot B N B B 5
RSA IR R K&
32 FEhAFHFE RSA & FIEIRE B £ 4
W JG B E R SRR B R E shikoh B iR E
AR I, I 8 AR GRR A T W SR AN M S W Sk
S B s PR AR K L T R 0 A REL R R 3 it
W% ARWE5E RSA 415 2k R PL.S/D W] & 5
FXF B 432 i T RSA FB 5 A A T 15 3 IR IR
SFE kNN Z 8| MBI R, FEshik
I AEBE B A8 g, L PR I A I YT A 1
BRI BE 2 B 2 R, N S BORIG R T SR
F 4 228 0 P AR AR | 2 [A] Lok
FERN AL B PR K P BB B I A A I A | I
AR R, A9 o ] = 4 i ik 22 A0 T 9 A 00
A4 308 705 PN R PN R LA R TR R A, I IR
M5, T I TS B 30 640 I A 4 0 2R 4
BN 63.8% .77.6% .92.5%, I K P f it 35 64 1 A< 4
DR dR w1 AL P I 30 A% I R 4 R 2R A MK, RSA
AL T RS (7 72.4% ) 13 R 32, % BRZH DL TT 2
(15 30.2%) I AL (5 34.3%) Il 3 4 3, 3569
RSA B # FF PBE SN BT il 22 ER AR, 8O F)
TRRRARKKSE &L HEEPFE R R IR
5 1 3 A B P R P B I S A DG
fii JH = 4k fe & 238 M BORTH5E VILFL VL, 58
IR — B i [ Py = 45 JBORE 28 BT I %85 88 0 1T 400 i %8
FE R R AL, X ER A R AR AR AR SC
VI.FI VFI 76 X} I 41 5 RSA 41 RSA IR 4l 5
RSA RILURMAZ M AE W BE T2, Hiid

ROC #h£& 45 4 VI FI VFI (945 5 v K 52 ok 3 4%
U, X U iR A5 Ry B BN A0 B 53 0 R 0.846,0.736
0.841,FMATE MG sh J124%F ER AL EA HEME,

RSA B H BRI S W0 ER (78 N
T A2 B L 80 7 2% ) B 0EH N W ik 22 % ER W]
LA 3 8 75 AR R T RSA B I IRSES /R, &
ROC i e 431 B — 8 75 S 80T RSA FR 4 4T IR 45
JR BRI, & S HOF B2 W BN E N 0.867,
Fr5 MR 84.6% , FURAE N 82.4% , R LS
FEARXS RSA B3 75 B 25 24 F il 3k 8h 1 2% Wi
KIITMEER M ER, afE G T B — 8 75 35 4 1 Jy B
PEo ImIK b 75456 7% A& S f8bn ok 0 T8 3 ER,
AT B 9 Ay b T 4 R 25 )R

[ % k]

[11AAR W 2E T E L Z IR T H. AR 121k o E % AR
(2020 4FE RO o E 9 ARG - B4 & ,2020,36 (11):1082-
1090.

[2]Bai X, Zheng L, Li D, et al. Research progress of endometrial
receptivity in patients with polycystic ovary syndrome: a systemat-
ic review[]]. Reprod Biol Endocrinol, 2021, 19(1): 122.

[3]Gonen Y, Casper RF. Prediction of implantation by the sono-
graphic appearance of the endometrium during controlled ovarian
stimulation for in vitro fertilization (IVF)[J]. J In Vitro Fert Em-
bryo Transf, 1990, 7(3): 146-152.

[4]Applebaum M. The uterine biophysical profile[J]. Ultrasound Ob-

stetr Gynecol, 1995, 5(1): 67-68.

[S]Bizzaro N, Pesce G, Trevisan MT, et al. Anti—-DFS70 antibodies
detected by specific methods in patients with thrombosis or re-
current pregnancy loss: no evidence of an association[J]. Sci Rep,
2020, 10(1): 1-8.

(61T D% ok i, 5w, 55, T8 B2 M VP 7 5 i 0T 5 2R R ().
SR K ,2022,38(8) :593-596.

[Tk A VRARAR, X B BR 45, 2 BT = 48 75 0 R A1 32 K -Ie i 7
R A8 38 B Y BRER S2 M R A BN e W 45 s ) T 0 (L), R
I AR 1 2 52 15 2 7, 2021, 32(6) :426-431.

[81BLRE , EAR M. PPAG 7 R 2 PR s dE S ()] A E
FAFE, 2022, 14(11) :30-34.

[9]Kovachev E, Zh G, Cherneva S, et al. Measurement of endome-
trial volume and endometrial thickness for assessment of endome-
trial receptivity in assisted reproductive techniques [J]. Akush
Ginekol, 2005, 44 Suppl 2: 27-33.

[10]Kuijsters NPM, Methorst WG, Kortenhorst MSQ, et al. Uterine
peristalsis and fertility: current knowledge and future perspec-
tives: a review and meta—analysis [J]. Reprod Biomed Online,
2017, 35(1): 50-71.

(11T R, i, 22 PR TE R A X S 2 AR 7 A 32 1k
LI 3 25 W PEAS Ko %) IVE-ET S Y45 Jay i) 000 A E[)]. v 14
L HEWT 5t ,2022,33(2) : 50-55.

(12081 AR, 1 0, 55 R il A 3 0 D9 R R P i 3 S
Xof Y TR A AR A IR G R 1 TN B ()], AR BR R AR
2021,30(12) :1593-1598.



