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Predictive value of first-trimester uterine artery Doppler flow spectra and
serum placental growth factor for fetal growth restriction
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[ Abstract] Objective: To explore the predictive value for fetal growth restriction (FGR) by combining early-pregnancy
uterine artery Doppler indices [ pulsatility index (PI), resistance index (RI), systolic-to-diastolic velocity ratio (S/D= PSV/
EDV) ,and early diastolic notch] with serum placental growth factor (PLGF) levels. Methods: A retrospective analysis was
conducted on the clinical data of pregnant women who received regular prenatal care from July 2024 to October 2025. Based on
FGR diagnostic criteria,they were divided into an FGR group (7 =39) and a non-FGR group (7 =188). First-trimester uterine
artery Doppler parameters (PI,RI,S/D) ,early diastolic notch presence,and serum PLGF levels were compared between the two
groups. Independent predictors of FGR were determined through multivariate binary Logistic regression modeling,whereas the
predictive accuracy of single and combined parameters was systematically assessed via ROC curve analysis with AUC
quantification, enabling stratification of diagnostic performance. Results: Compared with the non-FGR group,pregnant women in
the FGR group exhibited higher first-trimester right and left uterine artery PI and S/D values (P <C0. 001) ,a higher proportion
of early diastolic notches (P =0.003),and lower serum PLGF levels (P =0.011). Although right and left RI values were
slightly elevated in the FGR group (P >>0.05). Multivariate Logistic regression identified right S/D (OR =1.619),left S/D
(OR=1.411) ,PLGF (OR=0. 985) ,and bilateral early diastolic notches (OR=0. 302) as independent predictors of FGR. ROC
curve analysis showed AUC values of 0. 874, 0. 826, 0. 629, and 0. 643 for right S/D, left S/D, PLGF, and early diastolic
notches,respectively, when used individually. The combined model achieved an AUC of 0. 918, with a sensitivity of 0. 872 and

specificity of 0. 883, demonstrating superior predictive performance. Conclusion: First-trimester uterine artery Doppler flow
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spectra and PLGF serve as effective predictors for FGR. Notably, the combined predictive value of bilateral S/D,PLGF levels,

and the presence of early diastolic notches is particularly high,with an AUC reaching 0. 918.

[Key words] Spectral Doppler ultrasound;Placental growth factor;Fetal growth restriction; Prediction

G )L K Z FR (fetal growth restriction, FGR)
AR T B R R 45 R 1 SCBE A R L 38 23 X
AL UG SO R A E AR . ¥ TH
HI 1 JCEF X FGR FF 5 8 35 BT 2080 U0 1936 97 O
2, FUTE I Ok W 30 6 97 RMCR AR AR BARL, IR 42 4
AR RS HE TN FGR i 6 4 3R I 5% it R o+
HARRAIE DA FER 2230 ) i 3746 I+
AREEY T EW R, 75 FGR B 0 £ 41 58 0 I
PRI FH AN B AE I AR WF 58 A5 B 2L B0k

TE S KA S R R O B A I G 7RI LR
K& B B BOFEA AT 5B 9 4E . PRt 8 3l Bk
B8 B (pulsatility index, P1) F1BH 778 % Cuterine
artery resistance index, R 4§ Ifil i 37 3% 2 Bkl B
b F 8 I RDIR B B AR AR L IR SR
(placental growth factor, PLGF) £ A IfiL & N i 4
PR S I B o B el iR 8 AR 10 7 2 A L0 0
AT OE R A M T FLT-1 3244 42 if 1 48 7 Rz
NP BE 5 GRS B Y B, R R LR BEAE B 2 T K
BRY AR . WA RS MR PLGF
KRe N Wil FGR 24t H 25 & HH ATt R £ )5
FRT 8 —d5 b5, HZ 8 b T o i 22 30], I G 205 22
BURCR B E MK T A O, BT R385
AR FH YA R PR 22 46 BRI A T AT R kb X —
AR AT B R I 52 0 78 sl bk it 3 A
5 PLGF B4 % FGR ) B0 416 .

1 #ABRERE

.1 —maR

mlBR M 43 B 2024 4F 7 A & 2025 4F 10 H B
Hi5E— NREEBE 227 ) B 7™ K 22 10 10 I DR 95 k.
PIARRUE : (DR (2) BRIEIR ; () BERf e, HE
BRARE : (D &I 75 WY . 2 06 4 O W R 55
(2) 7= 1iif i 25 4 7 i L G 0k 538 R 45 A W O 5 (3)
KNG ILE WAET S H AR R AT RS SR s (4) 221017
FEZ5 4 U (T S0 SSORS A . A B AR A B B
6 B L, FLAHIE S A [ B 5 M7, BT A 15 B 38 4
J A 0 A B o e A [ R
1.2 Ak
.21 ReszL#H@Es MAROTER
107 ~137° JE#t, & GE Voluson E10 % {8 £ %
B2 WA SRR B 2~9 MHz, 214
VIR L 7040 B 58 T RS L KUK 58 B HE B 75 1 4

KB F Bk iR 3h 01 2 S Ea I . AEFE B NKGEAT
BEE T AL Cln B R B A I Bk R - A 32 AL 55
PRGOS 5 A R BRI B ki e . 4
S 5 E 220 BN ik LA Bl K PRI 0k 4 1 06
{H i (peak systolic velocity , PSV) &T 7 A 1 i
(end diastolic velocity, EDV), 158 ik 45 1 5 &
kI H B (S/D=PSV/EDV) {H . 43 %1l 5% XU
T B K ER 5k A UL O
1.2.2 % PLGF &0 FrA A T4k 107"~
137° JEV e 4 B s B A kil 5 sl s SR PR 1A 4 75 4G
W 7% PLGF K-,
1.2.3 ¥ ka4 1546 FGR B2 W tr
HEL 2R 32 JE I A 7S A DU AR LA B B Cestimated
fetal weight, EFW) 5k 15 B IK F A1 R i % 56 = & o
AL, SRS 0 31 J5 sh ok &5 K AR 1 il B2k 58 EFW 5k
i FBIEG A0 0 B 8 565 1+ B a7 HLAE A 7 5 s ikl JBF
Sh k38 sl 46 B0 T AR I 5 58 LT A o, BT
FESCH FGR; MifE24 32 A Z )5 . #5 EFW o ig [k
FAHRL BB 55 = A o 07, 5k DA R AR o CEFW 518 [l
T MR BRI 55+ & 4007 JEFW 80U Bl 400 F R#
RN IR B VAN e R R S DIV e L S TS R
7 5% 155 2l ok #8 2)) 48 50 T A G I 5 LT L E 4
A0 i A B T2 W FGR. AR 77 i 88 75 4
M2 B4 E FGR AHC 2 Wi br e 73 8 FGR 2H (n =
39) F14E FGR 4 (n=188)
1.3 ZitZEam

ARWFFE R SPSS 26. 0 HEATHIE b, IES
Oy AR EERE DL (e £ 5 ) Foi , 2L 1A L # R ST
BEA ¢ K3 s AR IR0 A BT R R I M (P,
P o) 130R AL I) B R FH Bk RIAGE 3680 5 1 2309 s SR L
[n (0) 13RI U BCR A X K 30 8 Fisher K 8
Ko, BT L2 H%E 452 Logistic 1710 4 H7 8 &
FGR Wyl 37 52 i B 2, 23 i 52 308 TAERRAE (ROC)
R 5 4 T AL CAUC) L WA 4515 A Bl
I A5 K6 00 f4 I 2L i L L AUC =0, 7 A5 g s R 52 7
PERIWI A FRAE, P<<0.05 NESAHSIT%E XL,
2 &R
2.1 WAZRPA—MENLE

FGR 41 54F FGR A 7E4FE# . 4217 BMI % A 0

SERFIE DT AL, 22 SR IR A T (P >>0..05)
WA 1,



Barg Hell

794 2026 4F 6 H

JIldt E = B (http://noth. cbpt. cnki. net)
JOURNAL OF NORTH SICHUAN MEDICAL COLLEGE

Vol. 41,No. 6
Jun. 2026

%%1 ngﬁéﬂ_ﬂﬁﬁ*&ttﬁEM(PbyP73)!~;i‘]

£ 3 W FGR B EEZE Logistic BIA4

FGRA (n=39) /7 ff P
28.95 £ 4.53 —0.024  0.981

g J FGRA (n=188)
R CH) 28,93 + 4,10

T BMICkg/m?) 22,98 (21,1424, 51) 22,71 (21,32,24.55) —0.268  0.789
o 1 22} () 12,00 (12.00,12.00) 12.00 (11.00,12,00) —1.936  0.053
HR ) 2,00 (1,00,2,00) 1,00 (1,00,2,00) —0.770 0,441
PR O 0.00 (0.00,1.00)  0.00(0.00,1.00) —1.129  0.259

2.2 WMAZPARZYPFENBROLRINESHE
PLGF 7k F tb %

A T AE FGR 40, FGR 2022 {0 B2 04 ] P1,
e PLUAM S/D, &M S/D ¥4 5 (P <<0.001),
B IRET 5 B DD 0 BB LR AR (P =0.003) , 1
% PLGF K FEHAR (P =0.011), 23 A G it %=
X FGR 472 10 B2 W45 M RT, 2200 RT ¥155 & T
4k FGR H(P>>0.05), W% 2,

]2 AAZARZHTFEIROLFTMES B R PLGF
7}(EFHSEEM(P23 ;P75)177(%):|

#hF JEFGR4AL (n=188)  FGRAL (n=39) Z/° P
RIA; fll 0.72 (0.67,0.80) 0.73 (0.67,0.85) —0.464 0,643
RIZE Ml 0.73 (0.66,0.80) 0.75 (0.68,0. 80) =1.000 0,317
PLA; 1.60 (1.30,2.07) 2,24 (1.88,2.62) —5.568 <0.001
PLZ 1,65 (1.25.2.12) 2.40 (1.83,2.64) —5.893  <0.001
S/D A 3.70 (2.98,5.10) 6.94 (5.97,7.98) —7.337  <0.001
S/D Al 3.76 (2.90,5.12) 7.29 (5.28,8.55) —6.402  <0.001
Bk Rk - 0.003
Xk 80 (42.55) 9 (23.08)
M 18 (9.57) 5 (12.82)
H 6(3.19) 7(17.95)
el 84 (44.68) 18 (46.15)

PLGF(pg/mL) 98.62 (73.00,135.75) 81.00 (66.00,99.00)  —2.536 0.011

“—7"% A Fisher # i 5%,

2.3 %M FGR M Z B X Logistic BIJF4#

W2 kA FGRE A8 & (WAH . R KA =0,
RHE=D 4G PLORAE % A 220 PTCE (H f
A A S/DURAE R AD L ZM S/D UFEAE Hr AD |
PLGF (58 B A L &F 5k B 38 (WAE . TT=0. 4
=1 4AM=20M=31FEHAZER. WALHNE
7328 Logistic BIH MM 85 R o . A0 S/D(OR =
1.619) . Z£ ] S/D(OR = 1. 411), PLGF (OR =
0. 985) XU &F 5K B HA ) 388 (OR = 0. 302) #) /& FGR
K Ik ST R R (P <C0..05) ., L3 3.

2.4 BZBTEHRMFRESHR PLGF KF
X FGR B9 ¥l 4 (&

ROC Mg R wos . A S/D.AM S/D,
PLGF (&7 7k F- 01 1 36 5 W0 FGR /9 AUC 43 5
0. 874.,0. 826,0. 629,0. 643; U I Bk 4 1 I (1)
AUC 0. 918, &R JE A 0. 872, F¢ 57 & 4 0. 883,
VU A I TR RETE . DL 1 SR 4,

e M SEf§ Waldf§ P1i ORIl 95%CI
(3 =549 1.208 20,657 <0.001 — -
PIAif 0.099  0.615 0,026 0.872 1.104  0.331~3.690
PLEf 0.589  0.35 2,829 0,093 1.802  0.907~3,578
S/DA 0,482 0.194 6,190 0.013 1.619  1.108~2,367
S/D M 0,345 0.153 5,085 0.024 1.411  1.046~1,904
PLGF(pg/mL) —0.015 0.006 5.803 0.016 0.985  0.973~0,997
LGS RIS Wk 3

M —0.492 0.878 0.314 0.576 0.612  0.109~3,420

Hi 0.961 0.888 1.173 0.279 2.615  0.459~14.898

oLl —1.198 0.607 3.889 0.049 0,302 0.092~0.993

0.8

0.4
[ — AT
— &F4

At e kI B
PLGF
— S/D Z Ml
r T S/D Al
O e i s e
0.0 0.2 0.4 0.6 0.8 1.0

145 5
B F2HFEHHKMKAESHR PLGE
KEFN FGR B9 ROC Hi 2

R4 BRZYFEIIMAHRILSH R PLGF Kk FE 3t

FGR By 4 &

N AUCHH  95U%CT U (%) FrRED WY
IS 0.918 0.867~0.968 0,872 0.883 -

S/D £ il 0.874 0.815~0.932  0.872 0. 809 5.33
S/D ZE i 0.826 0.758~0.894  0.846 0.713 4.7

PLGF(pg/mL)  0.629 0.546~0.713  0.718 0. 447 92.5
KR IE 0,643 0.551~0.736  0.769 0.426 0.139
3 itig

EERA 80 Y W H A JLAE T S AR i A
X, Hrp  HR=SEMIET =02 TNy
=y —iH FGR #& '™, FGR &Pl & Z¢, 1
95 R0 B B G 35 B G L 224> s B2 1 19 22 AR
ARG G £ T BE A 2 5 80 FGR X T 2
S A R AR R T R0 2 W R 24 )
A w H B PEAL T B, B BOULE RE A 5. S 45
b i B R MG L R G B i 4 4% B0 L A8 Y 22 2B A A
RO BERG TR 78 0 B4 I & YRR B A 4
VP2 R R, AR RS A vER PE . I W 18
FrBe o ¥ 2 TR A48 7~ N AE AL A DU 22 4 1
AW bR G AR K AR R AE A T
WK IILAE K ET G &L D) RE S Bk AR il 5 09 7 7 L
. ZIWFFTUESE, PLGE 76 % 511 7 JE 1 55 7 A6



WES A R S KO S S LT G A A DR iR L AR K A2 BR Y S A i 725

X FGR Wi s MR TS S B (075
Shbk I 3h bk « < v sh ik B R R AED T A
FGR W4 A br gt . (H — 8 bt 4
T VAL HLAS A A ) 2 A8 S 34 2 W R o e 1k . IR
AT G 2 0 8 Bk i S 5 PLGE, #8
FBEA IR FGR (5 H00 4048 .

T B S MOR T E 0 OB i 3h K, 7E R L AR K
BE X —EE R IR AR M % S )
TS R AL, Ry iR LA AR K R B SR AL IR S )
JE PRI . B Bl K i g BEL g S B0 TR g 2 1A
TRERaS, KB P15 RI B AT IR 2F 8 58 BE47 P g
1%, BFF 9 8%, FGR 221010 T & sh ik P1 B 4T
O I i B B N G K R e, e 2 R & A ep T Y
W, AR HE TR FGR 4, FGR A4 H R
ZEA A PLZEM PLL A S/D L Z2M S/D %=
HELET K DD 0 R S AR, 5 R R
#—3, FGRAXHRZE WA M RI, AN RIS &
T FGR A H 2 R G %= L. 75 sk Pl
5 RI W58 T B W75 185E 8l ik & 9 B A, i
FEAE R BE 7 38 i v e R R SRR 51 Kk R A
B[] W I 3 99 20 1 G LR B SR I B i Az
FH A FfEA A FGR AWML BdR® Y. H
10 I S 1 1177 5 V2 ) QS 2 89) B e 3 | 0k
BHL 7 48 5 g LR 75 2 B, FGR 41 H BLAT 5Kk 40 )
W R, HE— 2 E T FGR 2 40 50k ) B
T E KIS T 2E . AU S/D XU &
sk FYI I & FGR & AR 0k Sz 5% m R 2, W4 oR
9o 28 IR JR R T 5000 %) i A Bt T 2 R AT B A
FEYIRE R . H XU EF 5K D0 500 5 Sk R 47 R R
(OR=0.302), Al fg& N BT & s ik P1ES505 H
PR &7 e 100 30 ELAT g B A OC M, AT T T
Y 1) 25 1 A 1

TEMEREZ 0 o PLGF /K- Fifi % 4T i 09 9 2 it
ML AE 26~30 J A BN WE(H . Z 5B W PR E 2R
AU ARBFGE R, FGR 41282 10 5 22 ) 1f. 3% PLGF
KV AE FGR 4%, PLGF J& FGR & 4k 0y 00 ~7 5%
Mg R 2. R 2 ) i A8 10 A B N BB S Ik 4 11
KHERY B, 1L 7E PLGF #AR 3 7R 9 77 )2 40 M 12 1 A
& IEIE B Ik AN 52 4L W] RE N FGR 22 20
LTSRS 0 O N = i ) a1 O = O s I | = A W i
Ja IR kKB AR, g R IG &Y S8R
T I PLGF A K S AT fE 8 vk 25 i 454
LV T A I A e B A 0 T RE LA T R B
Tk A LA Kk B R 7 R i RS B R S

AR5 ROC Mk Bos, 40 S/D.AM S/D.

A FI B E http://cbyxyxb. journalai. cn

PLGF . &F 7k K 9 U1 305 Bpopk #5000 FGR 89 AUC 43 5]
0. 874,0. 826.,0. 629, 0. 643 W I Ik 5 11 1
AUC 0. 918, B 0. 872, %5 5+ £ 4 0. 883,
DU I Y TN AL RE T . LY PLGF 530 i
RREAS o 8 FHAE A0 BT T IR TE AT M FMS BE i
AR 1(sFlt-1) 5 PLGF WX FGR () 15
. 558 BoRH AUC 4 0. 770, X —45 iR, B
ZEWi v PLGE X FGR ) 1 %4 B8 77 16 8 4 =
B, adrRE R T, W2 B v PLGF Joik
5 FGR HH 21 5805 BEER T, 55 40, R R PR 5 3
1) FGR A& AW bn & W) R 3535 o) REA7 16 22 5+
VL 0 LA T A 90 0 7 ok . He %55 F
11~13"° Z2J5 1 F 6 sk PTORTAE Uk AH G 1l 3K 86
A(PAPP-A) KA FI FGR 1) AUC K 0. 758 , U
JEIK 0. 816, 45 5 B 3K 0. 7585 4 ik — 2 1 B 22 4 A
Rla  WER AR, X—S RS UELT
FE B BK AR 2 80T R Dy B2 FGR i A 1Y
B A8 b ARG Fo A A= W bs B Y Be 5 iff — 25 Tt
ToUI AL RE AT A S 2R B ST T LU IE .

g5 b WU BT 0 - F Bl Bk Il I A RS F1 PLGF
WM FGR WA 2845, Hrh WMl S/D.PLGF 5
& 5K L U 30 56 A S0 AN (1 #2  , AUC 3k 0. 918,
AT ZE A M AE T 32 IO 2 0 H0 0 R 5 L T
H. AE T IA D5 2 56 3 v i 22 40 1 100 48
A 5E B AR TR & A 0 BB B B R 8
L2 I Bl ) 2 KA AR ARAE, O FGR Y XU
PEAR 42 HE 0T H B v AR . 3 A AR BSOS S
W G I 00 09 v 10 9 1) B A I R S R L AT iR
Wi L TR AT S FGR W [a) B 77 76 M 5 5
PR BA 33 HB 43 S8 A B T B 4 v L TR AEAS [RGB T
BERAS T o AH I FE A Xt i L A= 4 32 BR 04 T30 A1, Sk
Il PR 48 it T B2 G M 19 2 25 R 3

Sk

[1] Melamed N, Baschat A, Yinon Y,et al. FIGO (International
Federation of Gynecology and Obstetrics) initiative on fetal
growth: Best practice advice for screening.,diagnosis,and man-
agement of fetal growth restriction[ J]. International Journal of
Gynecology &. Obstetrics,2021,152(S1) ;3—57.

(2] A=Y X PRM, £ 0F. JiG L AE K 52 BR A9 12 Wi 5 1000 - F 5 3k g
P I] FE B, 2025,41(10) :816—819.

[3] Duragkar S, Mahajan KS, Dewani D. Uterine artery Doppler
indices as predictor of adverse fetal outcome in hypertensive
disorders of pregnancy: an observational study[]]. Cureus,

2023,15(11) :e49265.

(TFEE 751 ™)

HB #8 : xuebaocby@126. com



SRR TRE O R I AR bR RS W KT 5 e R 7 T R R A A O 1 751

[11] Paolisso P, Foa A, Bergamaschi L, et al. Hyperglycemia,
inflammatory response and infarct size in obstructive acute
myocardial infarction and MINOCA[ ] . Cardiovascular Diabe-
tology,2021,20(1):33.

[12] Ibrahim M, Ahmad J, Abbas M, ez al. The role of N-terminal
pro-B-type natriuretic peptide, troponins,and D-dimer in acute
cardio-respiratory syndromes: a multi-specialty systematic
review[]]. Cureus,2025,17(5) :e84460.

[13] Zhou F,Mu J. Recent clinical research on the value of high-sen-
sitivity cardiac troponin levels in prognostic evaluation after
coronary artery bypass graft surgery:a narrative review[ ] .
Cardiovascular Diagnosis and Therapy,2025,15(1) :251—258.

[14] EE TR ARAE A 55 R 50 60 % ROE 46 805 56800 BUG C &R
M Meta 43 B [J]. o B 96 3E B2 %% 2% i, 2023, 23 (10);
1143—1147.

[15] XEFR A&, PN 22 45, Lp-PLA2 JE X 2 354 5 5 4k 3 ko
ARRE B M DG M [T ] R AR o 2R TR, 2025, 45 (7))

1543 —1547.

[16] Abubakar M, Irfan U, Abdelkhalek A, et al. Comprehensive
quality analysis of conventional and novel biomarkers in diag-
nosing and predicting prognosis of coronary artery disease,
acute coronary syndrome, and heart failure, a comprehensive
literature review [ J]. Journal of Cardiovascular Translational
Research,2024,17(6) ;1258 —1285.

[17] Desai R,Damarlapally N, Bareja S,et al. A systematic review
and meta-analysis evaluating the association of high sensitivity
troponin levels with outcomes in patients with stable coronary
artery disease [ J ]. Current Medical Research and Opinion,
2024,40(10):1685—1695.

[18] Wei M. Liu Z,Wei M, et al. Synergistic effects of lipoprotein
(a) and fibrinogen on carotid plaque in patients with coronary
artery disease [ J ]. European Journal of Medical Research.
2025,30(1):129.

(YFE B HI.2025—11—13 f&E B #A:2025—12—31)

(#5725 W)
[4] Chen W,Wei Q.Liang Q.et al. Diagnostic capacity of sFlt-1/
PIGF ratio in fetal growth restriction:a systematic review and
meta-analysis[ ] ]. Placenta,2022,127 .37 —42.
1 BRARUR L S FRET R OB 7S A8 b R LV A B 00 G L AR K32
B fey BF 5 SR LD ], b 7 32 3 O 2 4 (R 2 D) 5 2025, 45(8)
1059—1065.
[6] mhAeBEa o[l B4 S L% %A, AR B 5 200 - B4
SRR AL B K R B R TR 7 3R IR L AR K it 2k A
6 LA K 32 BR T TR & A4 255 )38 40 0 B BT L 45 R L
A K 2 BRI PRA2 1R B Al 3 B A8 L SR . AR L 7 2
2478 ,2025,28(2) :89—97.

[7]  Ashorn P, Ashorn U, Muthiani Y, et al. Small vulnerable

[

2]

newborns—big potential for impact[ J]. The Lancet,2023,401
(10389):1692—1706.

[8] Lees CC,Stampalija T,Baschat A,et al. ISUOG Practice Guide-
lines: diagnosis and management of small-for-gestational-age fetus
and fetal growth restriction[ J]. Ultrasound in Obstetrics &. Gyne-
cology»2020,56(2) :298—312.

[9] Yusrawati,Serudji J, Utama Bl.et al. Exploring fetal growth
patterns in the second trimester: insights from ultrasound
measurements among the Minangkabau Ethnic Group in Indo-
nesial ] ]. BMC Pregnancy and Childbirth,2025,25(1) :68.

[10] Shinar S, Tigert M, Agrawal S,et al. Placental growth factor
as a diagnostic tool for placental mediated fetal growth restric-
tion[ J]. Pregnancy Hypertension,2021,25:123—128.

[11] B, T8, %0 235 ) 75 TG I35 24 0012 W i ok Y
Ji LA 32 BR A i PR M (AL L) . I R B 75 2 2% 2 35, 2024, 26
(7):606—610.

[12] Kumar M, Balyan K, Debnath E, et al. Placental biophysical
model for prediction of early onset fetal growth restriction in

first and second trimester of pregnancy:a prospective cohort

A FI B E http://cbyxyxb. journalai. cn

study[J]. Placenta,2024,154:153—159.

[13] Yu H, Yuan M, Wang L,et al. Correlation between parturients’
uterine artery blood flow spectra in the first and second trimesters
of pregnancy and fetal growth restriction[ ] ]. Journal of Healthcare
Engineering,2021,2021(1) :2129201.

[14] FE—W 55 k5. FErshikor o 58 B4 550 G I M
FEHERLT]. R E A ARG IR T2 .2025.22(8) :554—557.

[15] Zhou Y,Chen Q,Luan R,et a/. Shunt rate of ductus arteriosus
and ductus venosus in middle and late fetuses and their applica-
tion value in the evaluation of fetal growth restriction[ ] . Paki-
stan Journal of Medical Sciences,2023,39(6):1589—1594.

[16] Hurrell A, Beardmore-Gray A, Duhig K, ez al. Placental growth
factor in suspected preterm pre-eclampsia:a review of the evidence
and practicalities of implementation [ ] ]. BJOG: an International
Journal of Obstetrics & Gynaecology,2020,127(13) :1590—1597.

(171 R, REXR L AH R 55 IR L e A A K2 BRI 3 ) 2
AR A B AN R I AR 4 R S0 A A A R (. e 0 R RO R 2 i
2024,25(5) :453—456.

[18] Giorgione V,Ramnarine S, Malik A,ez al. The value of angio-
genetic biomarkers in the detection of early onset fetal growth
restriction[ J]. European Journal of Obstetrics & Gynecology
and Reproductive Biology,2024,299:91—95.

(191 BAh RIS BE .G IEH 5. SRR LI (1 3 FAl 4k FMS 4
ik SR U 1 556 4 A A DR 1 LU AR IR L AR K SZ BR op i)
WAMAEBE 5 [T/OL]. vh [ B& 27 /i i 2% 3 (HL 7 D 2025, 17
(8):60—67.

[20] He B,Hu C,Zhou Y. First-trimester screening for fetal growth
restriction using Doppler color flow analysis of the uterine ar-
tery and serum PAPP-a levels in unselected pregnancies[]].
The Journal of Maternal-Fetal & Neonatal Medicine, 2021, 34
(23):3857—3861.

(K HHE:2025—12—16 f&E B #:2026—02—03)

HB #8 : xuebaocby@126. com



