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Nomogram model combining placental blood flow perfusion ultrasound
detection and coagulation function indicators to predict adverse perinatal

outcomes in patients with hypertensive disorders of pregnancy
JIA Jinxin, WANG Xiaoqing, ZHAO Hongyan, XU Xiandi
Department of obstetrical, Chengde Central Hospital, Chengde, Hebei 067000, China
Abstract:  Objective  To construct a nomogram model for predicting adverse perinatal outcomes in hypertensive
disorders of pregnancy based on placental blood flow perfusion ultrasound measurements [uterine artery pulsatility index
(PI), umbilical artery resistance index (RI)] combined with coagulation function indicators (D-dimer, thromboelasto-
graphy). Methods A total of 600 pregnant women who underwent routine prenatal examinations at Chengde Central
Hospital from December 2021 to December 2024 were selected (including 382 in the gestational hypertension group and 218

in the preeclampsia group). Additionally, 600 pregnant women with normal blood pressure during pregnancy who underwent
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routine prenatal examinations during the same period were selected as the normal blood pressure group. Parameters such as
PI, RI, D-dimer, and thromboelastography indicators ( reaction time [R], kinetic time [K], alpha angle [a], and maximum
amplitude [MA] ) were compared across the different groups. Logistic regression analysis was used to explore the
influencing factors of pregnancy outcomes in women with gestational hypertension. R language was employed to establish a
risk nomogram prediction model for adverse pregnancy outcomes. The internal performance of the prediction model was
evaluated using receiver operating characteristic (ROC) curves, and the consistency between predicted and observed
probabilities was assessed using calibration curves. The clinical utility of the nomogram model was evaluated using clinical
decision curve analysis. Results Compared with the normotensive pregnancy group, the preeclampsia and gestational
hypertension groups had higher levels of D-dimer, o, MA, PI, and RI, and lower levels of R and K, with all differences being
statistically significant (all P << 0.05). Among 600 pregnant women with hypertensive disorders in pregnancy, 176 (29.4%)
experienced adverse pregnancy outcomes, including 16 cases of fetal distress (9.1%), 24 cases of fetal growth restriction
(13.6%), 10 cases of postpartum hemorrhage (5.7%), 60 cases of preterm birth (34.1%), 18 cases of oligohydramnios
(10.2%), and 38 cases of low birth weight (21.6%). Compared with the group without adverse pregnancy outcomes, the
adverse pregnancy outcome group had higher serum levels of D-dimer, o, MA, PI, and RI, and lower levels of R and K, with
all differences being statistically significant (all P<<0.05). Multivariate logistic regression analysis showed that PI (OR =
1.416, 95%CI: 1.047-1.915), RI (OR = 1.988, 95%CI:1.204-3.283), D-dimer (OR = 2.113, 95%CI: 1.284-3.476), R (OR =
0.614, 95%CTI: 0.410-0.920), K (OR = 0.655, 95%CI: 0.475-0.903), o (OR = 1.097, 95%CI: 1.011-1.192), and MA (OR =
1.100, 95%CI: 1.023—1.182) were influencing factors for adverse perinatal outcomes in pregnant women (all P << 0.05). The
area under the ROC curve of the nomogram model for predicting adverse perinatal outcomes in gestational hypertension was
0.85 (95%CI: 0.77-0.89), with a sensitivity of 83%, a specificity of 80%, and a Youden index of 0.61, indicating good
discriminative ability. The calibration curve results for predicting adverse perinatal outcomes in gestational hypertension
showed that the predicted probabilities were consistent with the observed probabilities. The Hosmer-Lemeshow test yielded
x> =3.124 and P = 0.879. Decision curve analysis results indicated that the model had good discriminative ability within a
threshold probability range of 0.10-0.85.

adverse perinatal outcomes in patients with gestational hypertension, based on placental blood perfusion ultrasound detection

Conclusion  This study developed a nomogram risk prediction model for

combined with coagulation function indicators. The model demonstrated good discrimination and calibration.

Keywords: uterine artery pulsatility index; umbilical artery blood flow resistance index; thromboelastography; D-dimer;

gestational hypertension; preeclampsia; pregnancy outcome
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F1 ZHBEEMIELRE (3£s)
Table 1 Baseline characteristics among the three groups

415 1% AEH(2) BMI TR IE B 2R K Wi (mmHg)

Group n Age (years) (kg/m*) Weeks of gestation ~ Gravidity Parity SBP
YT YRIEH 1L Normotensive 600 29.47+3.85 23.35+2.35 30.68+1.36 2.1240.54 1.45+£0.56  102.36+8.85
TR Preeclampsia 382 30.04+3.58 24.04+2.57 31.12%+1.52 2.2140.52 1361045  156.47+9.48°
SEURH 5 U 218 30.68+3.85 23.75+2.16 30.4741.66 1.98+0.47 1584046  157.75+8.79"
Gestational hypertension
Fli 2.106 1.753 2277 2.115 1.857 1181.035
Pl 0.123 0.175 0.104 0.122 0.158 <0.001

2153 &K R (mmHg) 23 B 04 (mmol/L ) S JH [ 8 (mmol/L ) HDL-C FRZ A (mmol/L) WLEF(umol/L) ALT

Group DBP FBG TC (mmol/L) BUN Cr (u/L)
UEYRIE IR Normotensive  69.45+7.34 4.61+1.25 6.75+1.22 1.9540.32 5534112 58451+10.56 32.231+4.12
T Preeclampsia 108.341+9.44° 4.54+1.57 6.42+1.56 2.07+0.28 6.76+1.18°  81.36+13.45" 47.56+538"
YEUR S L 107.86+8.56" 4.75+1.66 7.0311.48 2.98+0.34 5684124  60.63123.46° 34244514
Gestational hypertension
FlE 515.986 0.285 2.287 2.369 18.999 47.980 196.669
Pl <0.001 0.752 0.103 0.095 <0.001 <0.001 <0.001

SE: BMUA (R 45 05 HDL-Cy o 2% 15 i 25 11 A 8 st s ALT R TN B PR B SE R R . 5 W IR AE % L IR 2H A0 L2, *P<<0.05, 5 T TSI 4L AH LE,

°P<0.05,

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TC, total cholesterol;

HDL-C, high-density lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine; ALT, alanine aminotransferase. “P<< 0.05 compared with the

normotensive group; "P<<0.05 compared with the preeclampsia group.
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Table 2 Comparison of PI, RI, thromboelastography parameters, and D- dimer of pregnant women among the three groups

?jﬂp Wfi& D-—iii(l:gm ) R(min) K(min) a(®) MA (mm) PI RI
UEYRIE R IMUF Normotensive 600 135 £ 022 476 2093 216 =043 6253 + 636 5852+ 346 0.76 £ 0.15 0.40 % 0.03
THHATY] Preeclampsia 382 1.67 £ 028"  4.08 £ 086" 1.18 £ 036" 70.68 & 5.67° 69.67 £ 472" 1.14 £ 021" 0.62 £ 0.06"
YEUR S L 218 140+ 032 434+ 087"  1.64 £ 037" 6575+ 585 63.79 + 525 0.88 & 0.19™ 0.49 + 0.05"
Gestational hypertension
Pl 28.408 11.648 109.124 30.562 151.892 32.521 56.479
PlE <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

PR 7B Sl B 3l 48 55 RUM I 20 ik i 37 BEL g 48 25 RO ¥5E 1l PR 7 34076 B 100 5 KOM 1 B 7 i 565 ook 3 g R 45 R V£ 5 MACK #5¢ K afi 3
R SR IEE R A A, P<0.05, 5 TR RTIIHAH 1L, *P<<0.05,

Abbreviations: PI, pulsatility index; RI, resistance index; R, reaction time; K, kinetic time; o, alpha angle; MA, maximum amplitude. “P<<0.05 compared

with the normotensive group; *P<<0.05 compared with the preeclampsia group.

3 AR RS2 PL RUANMAE ) IS H D-ZREKF (3+s)
Table 3 Comparison of PI, RI, thromboelastography parameters, D-dimer among pregnant women

with different adverse perinatal outcomes

" D-— 8k
51 R ) .
(mg/L) R(min) K(min) a(®) MA(mm) PI RI
Group n .
D-dimer
TR R R 424 139+024 442+096 171 +038 6489 +538 63.25+596 090+ 0.18 0.48 + 0.04
Without adverse perinatal outcomes
Bl LA &SR
With adverse perinatal outcomes
L% Preterm birth 70 1.82 £031° 3.68 +0.81° 1.02+ 032" 73.56 582" 72.18 & 6.35" 1.05 = 020" 0.58 *+ 0.06"
Jif )L Fetal distress 16 1.65+ 028 3.85+079" 1.15%030° 7128 £5.65° 7052 £ 6.10° 1.21 £ 0.17° 0.67 £ 0.05"
J# )LAE K32 BB Fetal growth restriction 24 158+ 026" 3.92+0.83" 120+ 031° 7015+ 572° 69.47 + 6.22° 1.18 £ 0.19"° 0.65 £ 0.06°
& A=K E Low birth weight 43 170 £ 030" 3.75+0.80" 1.08 £0.33" 72.84 £590° 71.65+ 6.40° 1.08 = 0.21* 0.60 £ 0.07°
K53/ Oligohydramnios 23 1.52 £025" 401 085 125+ 034" 69.82 + 581" 68.93 + 6.31° 1.15 £ 0.18" 0.63 + 0.05°
FIH 22.970 15.382 42.564 20.728 18.453 28.636 35.214
PlE <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

FE: PUN 15 Sl Ik 3 95 550 RUAIBE 3l Ik it 37 FHL 0 46 % ROW B 100 D7 300 I [0] 5 KO 1 B0 1 45 oy 3 077 Pl B U0 A5 MACH B K Il Bk

SRIE . SRR R &R HLEL, *P<0.01,

Abbreviations: PI, pulsatility index; RI, resistance index; R, reaction time; K, kinetic time; a, alpha angle; MA, maximum amplitude. *P<<0.05 compared

with the without adverse perinatal outcomes group.

R4 LWET LA RS2 KR logistic [ 5347 (n = 600)

Table 4 Multivariable logistic regression analysis of factors associated with adverse perinatal outcomes

754 Variable B SE Wald y*{H Pl OR(H 95%CJ

PI 0.348 0.154 5.106 0.024 1416 1.047~1.915
RI 0.687 0.256 7.202 0.007 1.988 1.204~3.283
D-—2R{% D-dimer 0.748 0.254 8.672 0.003 2113 1.284~3.476
R —0.487 0.206 5.589 0.018 0.614 0.410~0.920
K —0.423 0.164 6.653 0.010 0.655 0.475~0.903
o 0.093 0.042 4.903 0.027 1.097 1.011~1.192
MA 0.095 0.037 6.592 0.010 1.100 1.023~1.182

FE: PUN 15 Sl Bk 3 35 % RUA B 3l Ik it 37 FEL 3 4 %5 ROW B L DA 338035 I 18] 5 KO I 58 R 45 ooy 33073 Pl B U0 A5 MACH B K I Bk

B

Abbreviations: PI, pulsatility index; RI, resistance index; R, reaction time; K, kinetic time; o, alpha angle; MA, maximum amplitude.
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Abbreviations: PI, pulsatility index; RI, resistance index; R, reaction time; K, kinetic time; a, alpha angle; MA, maximum amplitude.
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Figure 1 Nomogram for predicting adverse perinatal outcomes in gestational hypertension
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Figure 2 ROC curve analysis of the nomogram
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Figure 3 Calibration curve of the nomogram
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Figure 4 Decision curve analysis of the nomogram
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