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The value of high resolution flow imaging in predicting fetal distress in preeclampsia by
detecting different systolic parameters of M1 segment of middle cerebral artery
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[Abstract] Objective: To explore the predictive value of high definition flow imaging (HD - Flow) in detecting different systolic
parameters of M1 segment of the fetal middle cerebral artery (MCA) for fetal distress (FD)in preeclampsia (PE). Methods: A total of
120 PE patients who underwent HD-Flow detection in the First Hospital of Hebei Medical University from June 2019 to June 2023
were selected as the study objects. According to the occurrence of FD, the patients were divided into the non-occurrence FD (NFD)
group(n=64) and the FD group(n=56). The clinical data and systolic parameters of distal M1 segment and proximal 1/3 of M1 segment
were compared between the two groups. LASSO logistic regression analysis model screened the potential factors of FD, and multivariate

logistic regression analyzed the risk factors affecting the occurrence of FD. The risk prediction model of FD occurrence was constructed
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and verified. The predictive ability of each index to FD occurrence was analyzed. The receiver operating characteristic (ROC) curve
was plotted and the area under the curve (AUC)was calculated to analyze the predictive value of different systolic parameters for the
occurrence of FD. Results: LASSO regression analysis screened out 15 predictors, and logistic analysis results showed that gestational
age, intrauterine infection, gestational diabetes mellitus, partial pressure of carbon dioxide (PCO,) , resistance index (RD) , pulsatility
index (PD) , peak systolic velocity (PSV) , and peak systolic velocity/end diastolic velocity (S/D) at the distal and mesial 1/3 of M1
segment were independent risk factors for FD. The AUC before and after ROC curve verification of the constructed prediction model
were 0.801 (95%ClI: 0.696-0.845) and 0.785 (95%Cl: 0.688-0.829) , respectively, indicating a good model differentiation and a high
accuracy. Gestational age, intrauterine infection, gestational diabetes mellitus and PCO, indexes were added to the systolic parameters
at the distal and mesial 1/3 of M1 segment in MCA, and the prediction ability was the best. Systolic parameters in different segments of
M1 had different predictive values, in which the AUC of distal RI, mesial 1/3 RI and S/D were 0.926 (95%Cl: 0.992-0.826) , 0.904
(95%C1: 0.979-0.785) and 0.917 (95%CI: 0.984-0.807) , respectively. Conclusion: Systolic parameters of different M1 segments in
fetal MCA way predict the occurrence of FD to a certain extent. RI at the distal part of M1 segment, as well as RI and SD at mesial 1/3

of M1 segment in MCA have a high predictive performance. The establishment of a risk prediction model for FD way be used to

accurately predict the risk of FD in PE patients and provide targeted intervention for FD.
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Table1 Comparisons of clinical data between the two groups

Ttem NFD group(n=64) FD group(n=56) X7/t P
Pregnant women data
Age of mother(years, x + s) 30.96 +5.13 32.41 £5.97 1.431 0.155
Advanced maternal age[ n(%) ] 17(26.56) 16(28.57) 0.060 0.806
Maternal obesity[n(%) ] 18(28.13) 19(33.93) 0.472 0.492
Primiparaln(%) ] 30(46.88) 23(41.07) 0.408 0.523
Test tube baby[ n(%) ] 18(28.13) 12(21.43) 0.714 0.398
Multiple births[7.(%) ] 21(32.81) 17(30.36) 0.083 0.773
Caesarean section delivery[n(%)] 18(28.13) 26(46.43) 4.309 0.038
Premature rupture of membranes[n (%) ] 13(20.3D 8(14.29) 0.751 0.386
Placental abruption[n(%) ] 16(25.00) 11(19.64) 0.492 0.483
Abnormal fetal position[ (%) ] 19(29.69) 15(26.79) 0.124 0.725
Abnormal umbilical cord[n(%) ] 18(28.13) 13(23.21) 0.376 0.540
Amniotic fluid contamination[n(%) ] 20(31.25) 16(28.57) 0.102 0.749
Intrauterine infection[ n(%) ] 15(23.44) 24(42.86) 5.134 0.023
Gestational diabetes[n(%)] 20(31.25) 30(53.57) 6.122 0.013
Gestational hypertension[n(%) ] 31(48.44) 22(39.29) 1.014 0314
Prenatal hormone use[n(%)] 31(48.44) 28(50.00) 0.029 0.864
Fetal data

Sex of the fetus[n(%) ] 0.815 0.367

Male 35(54.69) 26(46.43)

Female 29(45.31) 30(53.57)
Gestational age (weeks,x £ ) 35.31 £2.96 34.16 £ 3.15 2.061 0.042
Birth weight(g,x £ s) 1706 + 403 1526 +429 2.369 0.019
Neonatal complications[ (%) ]

Pneumonia 12(18.75) 9(16.07) 0.148 0.700

Cepticemia 13(20.31) 10(17.86) 0.166 0.733

Bronchopulmonary dysplasia 9(14.06) 10(17.86) 0.323 0.570

Retinopathy 8(12.50) 8(14.29) 0.082 0.774

Necrotizing enterocolitis 11(17.19 12(21.43) 0.347 0.556

Patent ductus arteriosus 12(18.75) 10(17.86) 0.016 0.900
Heart rate (heats/min, x £ s) 136.48 + 14.67 134.93 + 13.84 0.593 0.554
Breath (times/min, x + s) 52.16 £3.48 54.71 £4.19 3.641 <0.001
1 min Apgar score(x + ) 7.40 £ 0.83 6.86 +0.61 4.011 <0.001
5 min Apgar score(x £ s) 7.63 +1.21 7.31 £1.03 1.548 0.124
Hematocrit of 72 hours after birth(x + s) 46.29 +4.97 4494 £ 3.14 1.750 0.083
Platelet (X10°/L,x + s) 206.54 + 26.48 211.45 +£27.11 1.002 0.318
White blood cell (X10°/L, x £ ) 15.06 + 1.64 16.42 +2.01 4.080 <0.001
Cr(umol/L, % £ ) 104.48 £ 11.53 106.83 + 11.68 1.107 0.270
ALT(U/L;x £5) 83.14 + 11.14 84.92 + 10.97 0.879 0.381
AST(U/L,x £ s) 70.94 + 6.48 72.16 £ 6.32 1.041 0.300
TBILCwmol/L; x + 5) 21.91 £ 8.49 22.15+9.14 0.149 0.882
Hb(g/dL,x £ 9.48 + 1.59 939+ 1.71 0.299 0.766
PO.(mmHg,x £ ) 53.61 +4.49 51.34 +3.48 3.063 0.003
PCO,(mmHg, x £ s) 62.84 + 8.41 66.44 + 8.93 2.273 0.025

CRP(mg/L,x +5) 13.24 +1.63 15.05 + 1.69 5.965 <0.001
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Table 2 Comparison of systolic parameters in different sites of M1 segment in fetal MCA between the two groups

(x+s)
[tem NFD group(n=64) FD group(n=56) t P
Distal end of M1 segment
RI 0.72 + 0.05 0.64 +0.07 7.268 <0.001
PI 1.63 +0.13 1.41 £0.11 9.929 <0.001
PSV(cm/s) 20.06 + 2.67 18.82 £ 1.62 3.022 0.003
S/D 4.10£0.31 3.37+0.19 13.400 <0.001
Mesial 1/3 of the M1 segment
RI 0.83 £0.07 0.67 £ 0.04" 15.081 <0.001
PI 1.74 £ 0.16° 1.51 £0.10° 23.817 <0.001
PSV(cm/s) 24.94 £ 3.64° 22.18 £2.39 4.834 <0.001
S/D 543 £0.57 4.64 £0.61 7.330 <0.001
Compared with distal end of M1 segment, P < 0.05.
A Number of variables B Number of variables
19 19 18 1716 14119 7 52 0 19 17 15 116 4 0
2.0 3.0
g 187 2.5-
= 1.6+ = 4
L R
5 1.2- T 1.04
£1.0- i < 0.5
2038 i } +++ 0-
0_6-*|+ S N 0s{ ——
7 -6 -5 -4 -3 -2 -1 7 -6 -5 -4 -3 -2 -l
Lg(ND Penalty factor
A:: Cross-validation results. B: Coefficient paths (n=120).
1 LASSOZ4EEA5 1
Figure 1 LASSO logistic regression analysis
*3 BLEMMEER
Table 3 The assignment of each variable (n=120)
Variable Assign
Caesarean section delivery Yes=1, No=0
Intrauterine infection Yes=1,No=0
Gestational diabetes Yes=1, No=0

Birth weight, gestational age, PO,, PCO,, systolic parameters at distal M1 segment

Measurement data, according to actual values

(RI, PI, PSV,S/D), systolic parameters at mesial 1/3 of M1 segment(RI, P1, PSV,S/D)

0.246xM1 Bt izt it PSV+0.167xM 1 Bz iy S/D+0.648%
M1 Bl A 1/3 Ak RI+0.261xM1 BLit b 1/3 4k PT+
0.167xM 1 Bl /i 1/3 4 PSV+0.209xM 1 BGi A 1/3 Ak
SID. WHE AKX HKAEFD KT REE . &t
B, P=0.75 I, 295 Fa Hos =, T 2R AR B 4F
P> 0750, WA N PE B3 2 kA4 FD, Fiil
HETA 2 89.1% , R 88.9% , ' 7 FE N 78.9%
(£5).

K 1 Bootstrap 72 X Tl A5 B 33k 47 36 UF o 45

R IR, ROC #l 28 56 1UE §T J5 1) AUC 4331 4 0.801
(95% CI: 0.696~0.845) F1 0.785 (95% CI: 0.688~
0.829), RAFFE 43 51l N 92.78% 11 90.62% , 5 7 FEE 43
M 82.31% A1 80.59% , “F-15) 448 %5} % %5 4 0.019, 5t #H
A X I BT (R 6, B 2) o AT I 2R 30 IE AT 5
R T AL 2 5 SEBR A 2R U6 B R 4T, 150 A Y
AR R (B 3D
2.6 SARARATFD &9 TR A8 /) AT

PR LGS B P9 I L U 4R 30 0 SR 995 AT PC O,
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Table 4 The risk factors of FD analyzed by multivariable logistic regression (n=120)
Variable B SE Wald OR(95%CD P

Birth weight -0.149 0.294 1.010 0.862(0.384-1.652) 0.068
Gestational age -1.024 0.234 8.756 0.359(0.154-0.925) 0.021
Caesarean section delivery 0.238 0.221 2.156 1.269(0.463-1.994) 0.174
Intrauterine infection 1.087 0.285 7.625 2.964(1.397-3.497) 0.019
Gestational diabetes 0.767 0.245 6.264 2.154(1.484-4.485) 0.008
PO, -0.061 0.263 0.462 0.941(0.247-1.642) 0.083
PCO, 1.117 0.248 9.009 3.056(1.549-5.023) 0.032
Distal end of M1 segment

RI -0.865 0.274 6.315 0.421(0.147-0.836) 0.018

PI -0.642 0.287 4.477 0.526(0.129-0.861) 0.009

PSV -1.024 0.291 7.041 0.359(0.136-0.922) 0.025

S/D -0.521 0.224 4.651 0.594(0.149-0.834) 0.036
Mesial 1/3 of the M1 segment

RI -0.742 0.266 5.581 0.476(0.126-0.825) 0.006

PI -0.842 0.243 6.927 0.431(0.178-0.923) 0.014

PSV -0.931 0.289 6.446 0.394(0.205-0.948) 0.009

S/D -1.008 0.215 9.375 0.365(0.197-0.865) 0.043

RS TR E R T & & FD B FUNIRR

Table 5 Prediction effect of FD occurrence under different probability of prediction model (n=120)

Probability  Accuracy(%)  Sensitivity(%)  Specificity(%)  False positive rate(%)  False negative rate(%)  Youden index

0.95 83.9 92.5 72.6 23.1 8.2 65.1
0.90 85.1 91.4 74.8 22.5 9.1 66.2
0.85 86.4 90.1 75.9 21.1 11.6 66.0
0.80 87.9 89.3 76.1 19.5 15.4 65.4
0.75 89.1 88.9 78.9 18.4 19.3 67.8
0.70 88.3 87.5 79.4 17.6 234 66.9
0.65 87.2 85.6 80.5 16.1 26.9 66.1
0.60 85.3 84.6 81.6 15.8 31.6 66.2
0.55 82.1 81.4 81.9 13.8 325 63.3
0.50 79.6 76.1 83.4 11.0 379 59.5
0.45 752 74.2 83.7 8.6 394 57.9
0.40 71.0 69.2 84.6 54 46.5 53.8
0.35 68.1 62.8 85.9 4.9 52.8 48.7
0.30 62.4 56.4 86.5 3.1 59.1 42.9
0.25 53.8 50.2 88.6 2.7 63.4 38.8
0.20 529 46.2 90.4 1.6 78.1 36.6
0.15 51.6 31.7 94.6 0.8 83.2 26.3
0.10 493 16.1 96.7 0.3 92.8 12.8
0.05 50.0 0 100.0 0 100.0 0

RNZEERIERA G JLMCA 1 M1 B A R A7 Wi tegrated discrimination improvement, IDD 25 5 B f —
WS HOW PE B E R AEFD TIEE /1. S5 REH, Bk, UEHARES 5 IS YR IIE JR P A1 PCO. 15
C GEiHE (C-Statistics) % B HT 73 FAE B (net reclas-  FRIBEA MCA 1 M1 Bzt i M 1/3 AW 4 324,
sification improvement, NRD  Z5 5 ) 5l 2035 $5 24 Cin- T RE AR GRED
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Table 6 Comparison of model differentiation before and after internal validation of the Bootstrap model (n=120)

Bootstrap Positive  Negative Positive  Negative
validation AUC 95%CI Sensitivity - Specificity - Accuracy likelihood  likelihood Diagnostic predictive predictive
(%) (%) (%) . . odds ratio
of model ratio ratio value value
Before 0.801 0.696-0.845 92.78 82.31 95.94 14.623 0.130 79.061 0.683 0.969
After 0.785 0.688-0.829 90.62 80.59 94.48 14.194 0.139 72.336 0.634 0.947
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A: Before validation. B: After validation(n=120).
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Figure 2 ROC curves before and after model validation
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Figure 3 Calibration curves before and after model vali-

dation
(P<0.05,F4,%8).
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Table 7 Gestational age, intrauterine infection, gestational diabetes mellitus, and PCO, were added to the systolic parame-

ters of M1 segment to predict the occurrence of FD

(n=120)

Factors C-Statistics (95%CI)

P
C-Statistics

NRI(95%CD P'xw IDI(95%CD Py

Gestational age + intrauterine infec- 0.701(0.364-0.823)
tion+gestational diabetes+PCO,

Gestational age + intrauterine infec- 0.759(0.452-0.849)
tion + gestational diabetes + PCO, +

M1 distal systolic parameters (RI,

PI, PSV,S/D)

Gestational age + intrauterine infec- 0.793(0.483-0.861)
tion + gestational diabetes + PCO, +

systolic parameters at mesial 1/3 of

M1 segment(RI, PI, PSV, S/D)

Gestational age + intrauterine infec- 0.829(0.593-0.983)
tion + gestational diabetes + PCO, +

M1 distal systolic parameters (RI,

PI, PSV, S/D) +systolic parameters

at mesial 1/3 of M1 segment (RI,

PI, PSV, S/D)

<0.001

0.009  0.716€0.315-0.827) 0.005 0.141(0.064-0.394) 0.003

0.004  0.737(0.429-0.852) 0.003 0.173(0.091-0.491) <0.001

0.764(0.521-0.971) <0.001 0.263(0.168-0.614) <0.001

a: Compared with the model based on “gestational age+intrauterine infection+gestational diabetes+PCO,”.
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Figure 4 ROC curve of different M1 segment systolic parameters in MCA to predict FD in PE patients
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Table 8 Analysis of the predictive value of different M1 systolic parameters in MCA to FD in PE patients

(n=120)
Index AUC  SE P 95%Cl Sensitivity(%)  Specificity(%)  Youden index  Cut-off

Distal end of M1 segment

RI 0.926 0.028 <0.001 0.992-0.826 96.71 81.56 78.27 80.62

PI 0.792 0.050 <0.001 0.836-0.615 85.16 68.13 53.29 67.34

PSV 0.781 0.056 <0.001 0.817-0.608 84.82 62.33 47.15 59.13

S/D 0.819 0.049 <0.001 0.865-0.649 87.59 74.94 62.53 72.61
Mesial 1/3 of the M1 segment

RI 0.904 0.037 <0.001 0.979-0.785 94.53 78.35 72.88 77.45

PI 0.885 0.043 <0.001 0.931-0.764 92.48 76.42 68.92 75.36

PSV 0.863 0.047 <0.001 0.927-0.743 91.37 75.84 67.21 74.62

S/D 0917 0.034 <0.001 0.984-0.807 96.32 80.26 76.58 78.51

In the case of AUC > 0.5, the closer it is to 1, the higher and more accurate the predictive value of the indicator is, 0.7 < AUC<0.9 means that

the indicator has a certain predictive value, and AUC > 0.9 means that the indicator has a high predictive value.
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