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Study on diagnostic efficacy of thromboelastography combined with ultrasonic quantitative

parameters on fetal growth restriction
SUN Bo", ZHOU Bin, WANG Guanjia, LU Huijuan
Department of Obsterics, Zhengzhou Maternal and Child Health Hospital, Zhengzhou 450000, China

[Abstract] Objective: To study the diagnostic efficacy of thromboelastography combined with ultrasound quantitative parameters on
fetal growth restriction (FGR). Methods: A total of 50 cases of pregnant women with FGR admitted to Zhengzhou Maternal and Child
Health Hospital from July 2021 to May 2023 were collected as the FGR group, and 50 pregnant women with normal fetal development
in the same period and age group were selected as controls (the control group). The thromboelastogram indicators[ maximum amplitude
(MA) ; Angle, coagulation time (K) , coagulation response time (R) ], umbilical and middle cerebral artery resistance index (RD) ,
pulsation index (PI) , end-systolic/end-diastolic peak value (S/D), cerebroplacental rate (CPR) , weight, and abdominal circumference
were compared between the two groups. Binary correlation and partial correlation analyses were performed to explore the correlation of
thromboelastogram and ultrasound quantitative parameters with weight or abdominal circumference. The receiver operating
characteristic (ROC) curve was performed to analyze the diagnostic value of thromboelastogram, ultrasound quantitative parameters,
and the combined diagnosis of FGR. Results: Second-trimester, late-pregnancy, and before delivery the value of R and K were lower in
the FGR group than in the control group, while the value of Angle and MA were higher (P < 0.05). The value of Umbilical artery S/D,
umbilical artery PI, and umbilical artery RI in the FGR group were higher than those in the control group during the second-trimester,

late-pregnancy, and before delivery, while the value of middle cerebral artery S/D, middle cerebral artery PI, middle cerebral artery RI,
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and CRP were lower than those in the control group (P < 0.05). The weight and abdominal circumference of the FGR group were lower
than those of the control group in the second-trimester, late-pregnancy, and before delivery (P < 0.05). The binary correlation analysis
showed that the thromboelastography and ultrasound quantitative parameters before delivery were more strongly correlated with both
body weight and abdominal circumference (P < 0.05). Partial correlation analysis indicated that the value of R, K, middle cerebral
artery R, and CRP were positively correlated with body weight and abdominal circumference before delivery, while the value of Angle,
MA, umbilical artery S/D, umbilical artery PI and umbilical artery RI remained negatively correlated with body weight and abdominal
circumference (P < 0.05). The combined diagnosis of FGR by using thromboelastography and ultrasound quantitative parameters
before delivery had a higher area under curve (AUC) than each single index (P < 0.05). Conclusion: The quantitative detection of

thromboelastography combined with ultrasound in pregnant women with FGR can effectively monitor changes in coagulation function

and fetal hemodynamics at different stages of pregnancy, which has a high value in the diagnosis of FGR.
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Table 1 Comparison of clinical data between the two groups

Variable Control group(n=50) FGR group(n=50) X/t P

Age(years,x +5) 28.98 +4.11 29.24 +3.67 0.334 0.739
Delivery gestational age(weeks,x + s) 38.74 £ 0.81 38.60 = 1.12 0.716 0.476
Body mass index(kg/m’,% % s) 23.89 +2.45 2354 +2.11 0.765 0.446
Delivery method[ n(%) ] 0.421 0.517

Caesarean section 14(28.00) 17(34.00)

Spontaneous labor 36(72.00) 33(66.00)
Maternal type[n( %) ] 0.364 0.546

Multipara 29(58.00) 26(52.00)

Primipara 21(42.00) 24(48.00)
Abortion frequency = 2[n(%) ] 8(16.00) 18(36.00) 5.198 0.023
Complications during pregnancy[n(%) ] 4.762 0.029

Yes 10(20.00) 20(40.00)

No 40(80.00) 30(60.00)
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Table 2 Comparison of thromboelastography indexes between the two groups (x+s)
FGR group(n=50) Control group(n=50)
Index Second Late Before p Second Late Before p
trimester pregnancy delivery trimester pregnancy delivery
R(min) 523+ 1.577 4511487 446+147" 0.004 5.90 + 1.85 5.37+1.70 5.19 £ 1.68 0.010
Angle(®) 71.00+4.96™ 74.85+3.57" 75.66+3.25" <0.001 69.55+5.24 72.29 + 6.34 73.30 £5.49 0.001
K(min) 1.31£0.277  1.11£0.25"7 1.04+021" <0.001 1.60 £ 0.33 1.42 +0.38 1.39+0.35 <0.001
MA(mm) 71.90+4.83™ 7452+4.19" 7533+4.02" <0.001 68.73+6.24 71.66 +5.13 72.45+6.00 <0.001
Compared to the control grup, P < 0.001.
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Table 3 Comparison of ultrasonic quantitative parameters in the two groups xxs)
Index Group Number S'econd Late Be'fore p
of cases trimester pregnancy delivery
Umbilical artery S/D FGR 50 3.03 +0.42 296 +£0.22 2.89 +0.26 <0.001
Control 50 2.58 +0.34 2.40+0.29 2.38 +0.27 <0.001
P <0.001 <0.001 <0.001
Umbilical artery PI FGR 50 1.06 £ 0.13 1.00 £ 0.12 0.97 £0.13 <0.001
Control 50 0.90 +0.12 0.85+0.13 0.80 +0.11 <0.001
P <0.001 <0.001 <0.001
Umbilical artery RI FGR 50 0.69 + 0.06 0.69 = 0.07 0.68 + 0.06 <0.001
Control 50 0.59 +0.07 0.56 +0.05 0.54 +0.04 0.007
P <0.001 <0.001 <0.001
Middle cerebral artery S/D FGR 50 531+0.85 4.01 £0.38 3.96 +0.32 <0.001
Control 50 6.30 + 1.28 4.89 +0.44 4.59 +0.33 <0.001
P <0.001 <0.001 <0.001
Middle cerebral artery PI FGR 50 1.60 + 0.24 1.57 £ 0.20 1.55+£0.18 <0.001
Control 50 1.88 +0.39 1.85+0.14 1.82+0.15 0.010
P <0.001 <0.001 <0.001
Middle cerebral artery RI FGR 50 0.75 +0.07 0.72 £ 0.08 0.70 + 0.07 <0.001
Control 50 0.92 +0.08 0.85 £ 0.06 0.80 + 0.05 0.015
P <0.001 <0.001 <0.001
CRP FGR 50 1.51£0.20 1.57 £ 0.24 1.59 £0.22 <0.001
Control 50 2.09+0.33 2.18 £0.30 228 +0.25 0.003
P <0.001 <0.001 <0.001
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Figure 1 Ultrasound images of umbilical artery PI value before delivery in normal pregnant women(A ) and FGR pregnant

women(B)
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Table 4 Comparison of weight and abdominal circumference between the two groups (x £5)
FGR group(n=50) Control group(n=50)
Index Second Late Before Second Late Before p
trimester pregnancy delivery trimester pregnancy delivery
Weight(g) 606.27 = 15.18™ 1200.34 + 88.60" 2 285.50 + 42.59™" < 0.001 769.30 + 38.55 1796.58 + 165.53 3 219.20 = 25 3.40 < 0.001
Abdominal 1870+ 1.63"  21.38+085"  29.60+023" <0.001 21.38+0.69  27.51+0.80 3536+ 147  <0.001
circumference ( cm )

Compared to the control grup, P < 0.001.
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Table 5 Binary correlation analysis of thromboelastogram and ultrasonic quantitative parameters with weight or

abdominal circumference

)

Weight(g) Abdominal circumference (cm)
fndex Second trimester Late pregnancy  Before delivery ~Second trimester Late pregnancy Before delivery
R(min) 0.486" 0.677" 0.725° 0.359* 0.505" 0.698"
Angle(°) -0.299* -0.356" -0.584" -0.248" -0.327° -0.495
K(min) 0.409 0.583" 0.766" 0.427 0.611 0.724*
MA (mm) -0.315 -0.426° -0.519* -0.360° -0.525° -0.649*
Umbilical artery S/D -0.500" -0.618" -0.697* -0.479° -0.531"° -0.630"
Umbilical artery PI -0.342" -0.450° -0.528" -0.351" -0.386" -0.477
Umbilical artery RI -0.568" -0.616" -0.740° -0.510° -0.554 -0.678"
Middle cerebral artery S/D 0.064 0.082 0.438" 0.025 0.099 0.535"
Middle cerebral artery PI 0.028 0.046 0.425* 0.049* 0.020* 0.487
Middle cerebral artery RI 0.378" 0.552° 0.784 0.338" 0.459 0.806°
CRP 0.610 0.784 0.859° 0.593° 0.723 0.825°
a: P <0.05.
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Table 6 Partial correlation analysis of thrombelastogram and ultrasonic quantitative parameters with weight or

abdominal circumference

Weight Abdominal circumference
Influence factor Partial correlation Partial correlation
. 95%CI P - 95%CI P
coefficient coefficient

R 0.677 0.356-0.998 <0.001 0.526 0.422-0.630 <0.001
Angle -0.914 0.724-1.104 0.022 -0.671 0.574-0.768 0.029
K 0.836 0.588-1.084 <0.001 0.707 0.603-0.811 <0.001
MA -0.540 0.412-0.668 0.013 —-0.448 0.392-0.504 <0.001
Umbilical artery S/D -0.492 0.306-0.678 <0.001 -0.359 0.214-0.504 <0.001
Umbilical artery P1 -0.338 0.141-0.535 <0.001 -0.322 0.265-0.379 <0.001
Umbilical artery RI -0.774 0.358-1.190 <0.001 -0.585 0.391-0.779 <0.001
Middle cerebral artery S/D 0.451 0.267-0.635 <0.001 0.506 0.276-0.736 0.013
Middle cerebral artery PI 0.302 0.249-0.355 <0.001 0.347 0.202-0.492 <0.001
Middle cerebral artery RI 0.486 0.367-0.605 <0.001 0.493 0.184-0.802 <0.001
CRP 0.973 0.795-1.151 <0.001 0.790 0.655-0.925 <0.001

100 } 100
—R —— Umbilical artery PI
75 Angle 75 = Middle cerebral artery S/D

S K S Middle cerebral artery PI
z. === MA S =*=*Middle cerebral artery PI

= S50F == Umbilical artery D~ E 50 —=CRP

E === Umbilical artery PI ‘2 = (Combined

v 5] 4

7 ast oot

Ok . . . . . (0= . . . L .
0 20 40 60 80 100 0 20 40 60 80 100
1-Specificity (%) 1-Specificity (%)
2 Mg NERSBEEESHX FGRIZETAEER ROC £k

Figure2 ROC cunves of diagnostic efficacy of thrombelastography combined with ultrasonic quantitative parameters for FGR
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Table 7 Diagnostic efficacy of thrombelastography combined with ultrasonic quantitative parameters for FGR

Index AUC 95%CI Cut-off  Sensitivity(%)  Specificity(%)  Youden index P

R 0.729 0.631-0.813 5.35 68.00 70.00 0.38 <0.001
Angle 0.751 0.654-0.832 75.16 66.00 78.00 0.44 <0.001
K 0.736 0.638-0.819 1.26 88.00 56.00 0.44 <0.001
MA 0.767 0.671-0.845 74.61 64.00 86.00 0.50 <0.001
Umbilical artery S/D 0.775 0.681-0.852 2.74 70.00 74.00 0.44 <0.001
Umbilical artery PI 0.720 0.621-0.805 0.88 64.00 70.00 0.34 <0.001
Umbilical artery RI 0.767 0.672-0.846 0.67 68.00 76.00 0.44 <0.001
Middle cerebral artery S/D  0.714 0.615-0.800 4.18 70.00 72.00 0.42 <0.001
Middle cerebral artery PI 0.810 0.719-0.881 1.67 78.00 82.00 0.60 <0.001
Middle cerebral artery RI 0.804 0.713-0.877 0.75 82.00 66.00 0.48 <0.001
CRP 0.843 0.757-0.908 1.62 68.00 86.00 0.54 <0.001
Combined 0.927 0.858-0.970 84.00 88.00 0.72 <0.001




<1132~ Moa B R K % R

F44BHE M
2024 F 8 A

gH 7 L 2R 23 W AT R KB T X R4, An-
gle  MA fE = T EAH, Horh RVK A 2 FEAIE S An-
gle  MA {H 2T+ S %, X 5 0/ E 700 s A
feho RS B 5 ifi ot 2 b 22 2 ol R s M, KHE
S5 e I 5 PR T T K, Angle B e 2T 4k 2 (9 A1
I /N ARE AL 458 BT s T2 3 T 1103 B, M m] Ay
I B f K iR B R e 1, 5 IR A 5, B
U UR A WA HE RS, 210 B 1 Th g AL 7 s BEIR S I
R 22 B I DR T BOE , AFIA I RE N BE IR B
¥, n] 5 P A AR B R A, R JLIEE R .

2 NG R IZ T FGR B IE 772, fE 2 DSR2 41
E — 58 T [ P IHL Y0 T8 v 0 AL A5 5 o, T % I e e
e AU . B S K K R sl ik T 2 5 s L
A MAE A, 2 55 3 B (1 Bh ik I 55, i 3 bk 2 BF
5 G )L 5 S 0] % B2 1) B BAR A1, &8 A
e = B E i KRN R B K s IR LK i R B
Y, KBS KRB, FGR 4l 20 b 3 Za s 390 L 20 46
H 5 30 ik S/D < J5F 3 ik PL 5 3h fik R & % B 40, K
i = 20 Jik S/D K i = 2 Jik P K il 5 20 Jik RT. CRP
T X IR A, X 5 A S0 kAL . 0T IR A« i
KRR I LER ) EE M, A FCR KA )G
SR BRI RS, S 2R sk /D PLLRT A 5
K A st ik A fif ) LR v 2R 0 A, i i 3 R
A0TSR LT ML B N F IS, FGR &
A S, R R B ik ot A R B ik R S 2 s e, 58
Ji6 LA N LR Bl 0 5 57 5 R e 2 o 7 ““ i R 37
YERL” , 5 3500 348 ML 55 BEL g AR, AT B Ak T Wi iR
A, I &7 5K Th e AR A M PR, T i = b, B
RI.PI.S/D &K,

AT FE I, FGR 44w 1L 22 1 3 43 Uk w4k
RS T X HR A, = oA SRR [ YA 43 BT R
I3 AT RVKAA K 2h ik RL.CRP A 5 7k H g
Fil 2 IEAH 9, Angles MA {H i 21 ik S/D - it 30 ik PL
JF Bk RI 544 8 L B L2 A AE G o AR 9 dd e 2 1
Y URET ROC T2k, s s ) Gl 7 8 B 58012
Wr FGR 1 AUC /=1 T 25 B —Fa b, REBUE VRE R B
12 84.00% « 88.00% , %< BH Ifil 44 5 77 PR Bk G o 75 o
B W FGR AR INME.

gx L RTIR, e B B R W 1A L ) g
P B SO LR ) LI h 1124 0L, 5 FGR )
RAEFYIG, e E S # s &S G2
Wi FGR B —E M EZ%, NIEIKIZH FCR 24 S
%, Wi PR AT 42 11 TR T 190, AT BEAIS FGR & A2 X
Ko (HARFRBAEREZ 4 : O ARER D, T

— R R R, JFEEAT 2 LB AL @2 A
BORESE IR )LAE K SZIRA K, R Hr B4R i -4
T I /AR TR AR LI AR b, T 2B 4 IR N
BEAA M7 B AR 5 -

(5% k]

(1] &8 %, % ML, THLAR. JEORG JRAEXS ek B IR JLAE
Kz REsEm L] m st BERER S 24 CHARRHERO
2014,34(7):968-972

(2] AF W Brizte, T 5%, 55 RHRZ4EAE R D B2 15
KNG ILAERBZ BRI o [ 253 5208 4R, 2021, 37(4)
591-592

[3] DAMHUIS S E, GANZEVOORT W, GORDIJN S J. Ab-
normal fetal growth: small for gestational age, fetal growth
restriction, large for gestational age: definitions and epide-
miology [J]. Obstet Gynecol Clin North Am, 2021, 48
(2):267-279

[4] AGERSNAPI,NISSEN P H, HVAS A M. The role of plas-
minogen activator inhibitor type 1(PAI-1) in placenta-me-
diated pregnancy complications: a systematic review [J].
Semin Thromb Hemost, 2022, 48(5): 607-624

(5] e, SRISUH, slm. Mk 77 B IR LA K2
BIR A8 ek o )y e 1O 2 F AL L ). BARER B 5 2019, 19
(12):1860-1862

[6] SUGIHARA M, UNNO N, SUZUKI H, et al. Examination
of fetal well-being evaluation metrics for fetal growth
restriction as seen from Japan Obstetric Compensation
Cause Analysis Report data[J]. J Obstet Gynaecol Res,
2022,48(1):15-19

[7] BEUNDERS V A A, ROELANTS J A, SUURLAND J, et
al. Early ultrasonic monitoring of brain growth and later
neurodevelopmental outcome in very preterm infants [J].
AJNR Am J Neuroradiol , 2022,43(4): 639-644

[8] hEEFSHES MR LES2H, P RS
LR e R AL LA KR R E R IR 2019
FROLT]. Hr e 7 R 244 55 2019, 22(6): 361-380

(9] EXBEREOL 0 HEAEEG R LEKZ RS
fR LA FELD 1. BUMI: WL A BE 25 K%, 2020

[10] COLSON A, SONVEAUX P, DEBIEVE F, et al. Adapta-
tions of the human placenta to hypoxia: opportunities for
interventions in fetal growth restriction [J]. Hum Reprod
Update, 2021,27(3):531-569

[11] DALL’ ASTA A, MELITO C, MORGANELLI G, et al.
Determinants of placental insufficiency in fetal growth
restriction[ J]. Ultrasound Obstet Gynecol, 2023, 61(2):
152-157

[12] BASCHAT A A, GALAN H L, LEE W, et al. The role of

the fetal biophysical profile in the management of fetal



Ea4BHESH A
20248 A

WL b, TOE 5, . AR o B A w E S HO iR ) LA K Z IR B2 Wik se 7oL .
M ERR2E W CH R R , 2024, 44(8): 1126-1133

+ 1133

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

growth restriction [J]. Am ] Obstet Gynecol, 2022, 226
(4):475-486

MIHAI B M, SALMEN T, CIOCA A M, et al. The proper
diagnosis of thrombophilic status in preventing fetal
growth restriction[J]. Diagnostics, 2023, 13(3):512
SAMFIREAG M, POTRE C, POTRE O, et al. Assessment
of the particularities of thrombophilia in the management
of pregnant women in the western part of Romania [J].
Medicina, 2023, 59(5): 851

JIN P P, DING N, DAI ], et al. Investigation of the rela-
tionship between changes in maternal coagulation profile
in the first trimester and the risk of developing preeclamp-
sia[J]. Heliyon,2023,9(7):e17983

CRUZ-LEMINI M, VAZQUEZ J C, ULLMO J, et al. Low-
molecular-weight heparin for prevention of preeclampsia
and other placenta-mediated complications: a systematic
review and meta - analysis [J]. Am J Obstet Gynecol,
2022,226(28):S1126-S1144

BOHILTEA R E, CIRSTOIU M M, TURCAN N, et al.
Inherited thrombophilia is significantly associated with
severe preeclampsial J 1. Exp Ther Med, 2021,21(3):261
KRZYZANOWSKI A, GECA T, SOKOLOWSKA B, et al.
Thromboelastometry as an ancillary tool for evaluation of
coagulation status after rF'VIla therapy in a pregnant wom-
an with severe hypoproconvertinemia-a case series and
review of the literature [J]. Int J Environ Res Public
Health,2022, 19(17): 10918

B /N ER AN R 2 1= 0 5 . O T D- R AR AR 3 )
PR W00 B FE I PR 3 SCLT T 8 g U 8 K 2 5 i (R 2
fi),2021,18(5): 187-191

Ay S AR, 7™ 7 S g 0 DY 350 - — AR i e 3807 Pl

[21]

[22]

[23]

[24]

[25]

[26]

[27]

I I
75-77

HWHIE, P 5,5 S I RImAR s B S
R L] AR AR (R AR RO 5 2023, 9(2)
198-205

OLGA L, SOVIO U, WONG H, et al. Association between

antenatal diagnosis of late fetal growth restriction and edu-

=X P EBAREE 25 4% &, 2018, 20(12)

cational outcomes in mid - childhood: a UK prospective
cohort study with long-term data linkage study [J]. PLoS
Med, 2023,20(4): e1004225
MORSING E, BRODSZKI J, THURING A, et al. Infant
outcome after active management of early - onset fetal
growth restriction with absent or reversed umbilical artery
blood flow[J]. Ultrasound Obstet Gynecol, 2021, 57(6):
931-941
AL SRIBEH, X U, A IR A A R S ) A
L5 2 5 % e I LB A AR R R R o
HrLy ] BRI 3 2023, 9(1D: 118-121
7oA B S T E SN Sl K RS
JIFZHO M R R L E AR SZ IR TR E LT ]
[ 75 2 2456 2021, 37(9) £ 10351039
HAMIDI O P, DRIVER C, STELLER J G, et al. Umbili-
cal venous volume flow in late-onset fetal growth restric-
tion[J]. J Ultrasound Med, 2023,42(1):173-183
UYAN HENDEM D, OCAL F D, OLUKLU D, et al. Eval-
uation of fetal middle adrenal artery Doppler and fetal
adrenal gland size in pregnancies with fetal growth restric-
tion: a case - control study [J]. J Perinat Med, 2023, 51
(4):492-499

[k BH#A] 2024-11-15

(RXHREE: BEW)



