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Abstract 
Objective: To observe the changes of fetal umbilical vein (UV) Doppler pa-
rameters in pregnant women with preeclampsia (PE) and analyze their pre-
dictive values for maternal PE. Methods: Forty-six patients with PE who un-
derwent systematic ultrasound examination in our hospital from December 
2017 to May 2021 were included as the subjects, which were divided into two 
groups according to the severity of the disease (23 cases in each group). And 
120 normal pregnant women who underwent health examination in our hos-
pital during the same period were enrolled as the control group. Color Dopp-
ler ultrasonography was used to monitor the umbilical vein flow (QUV), left 
portal vein flow (QLPV), venous catheter flow (QDV), left portal vein (LPV) 
shunt rate and venous catheter (DV) shunt rate. And the sensitivity and spe-
cificity of the related indexes were calculated and analyzed according to the 
gold standard for clinical diagnosis of PE. Results: As the severity of PE in-
creased, the fetal QUV, QLPV and LPV shunt rates decreased, and the QDV 
and DV shunt rates increased, with statistically significant differences com-
pared with the control group (P < 0.05). The specificity and sensitivity of the 
combination of fetal QUV, QLPV, QDV, LPV shunt rate and DV shunt rate 
in predicting PE were higher than those of the indexes used alone (P < 0.05). 
Conclusion: The fetal umbilical vein Doppler parameters QUV, QLPV, 
QDV, LPV shunt rate, and DV shunt rate have some value in predicting PE, 
but their combination showed greater value, as well as higher diagnostic and 
clinical significance. 
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1. Introduction 

Preeclampsia (PE) is a pregnancy-related condition characterized by changes in 
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clinical signs and symptoms such as increased blood pressure and proteinuria 
that appear after 20 weeks of gestation in women [1]. The disease causes differ-
ent degrees of alterations in and damage to the cardiac, renal, hepatic, neurolog-
ical and other organ systems of pregnant women. And it can damage the pla-
centa-fetus, and seriously affect maternal and fetal health, and therefore it is a 
major cause of clinical maternal and fetal death [2]. The pathogenesis of PE is 
complex, and there is no effective and safe treatment method. Therefore, timely, 
accurate and effective monitoring and prevention are of great clinical value. As 
the umbilical vein is the only oxygen supply pathway to the fetus, along with the 
increase of gestational weeks, the fetal oxygen demand will increase due to the 
needs of fetal growth and development, and its blood flow will increase accor-
dingly. In contrast, patients with PE have abnormal blood perfusion to the pla-
centa due to suppressed trophoblast infiltration, impaired spiral artery remode-
ling, vasospasm and placental vascular endothelial cell dysfunction [3]. When 
the fetus is exposed to inadequate blood and oxygen supply to the uteroplacenta, 
some hemodynamic changes occur in the umbilical venous circulation to coun-
teract the inadequate oxygen supply [4]. In this study, we analyzed the efficacy of 
fetal umbilical vein Doppler parameters in the prediction of PE through a con-
trolled clinical study, which is reported below. 

2. Data and Methods 
2.1. General Data 

Forty-six patients with PE who were treated in the obstetrics department of our 
hospital from December 2017 to May 2021 were selected for the study, and were 
divided into mild and severe groups based on the degree of PE, with 23 cases in 
each group. The gestational weeks at the time of the proposed initial diagnosis 
were between 16 - 20 weeks. Inclusion criteria: 1) all had regular antenatal 
checkups at our hospital; 2) 18 - 35 years old with ≥20 weeks of gestational cycle; 
3) intrauterine singleton pregnancy; 4) meeting the diagnostic criteria and sever-
ity classification criteria of PE [5]. Mild: blood pressure ≥ 140/90mmHg com-
bined with proteinuria > 300 mg/24h, may be accompanied by headache and 
abdominal discomfort; severe: blood pressure ≥160/110mmHg, proteinuria > 2 
g/24h, blood creatinine > 106 μmol, oliguria. 5) All were delivered of a baby in 
our hospital. Exclusion criteria: a) combined with other high-risk pregnancy 
factors, such as age, diabetes mellitus, birth canal abnormalities, previous history 
of adverse pregnancy and delivery; b) fetal malformations; c) incomplete clinical 
data. One hundred and twenty healthy pregnant women who were registered at 
the obstetrics department of our hospital and received regular prenatal checkups 
during the same period were used as the control group, all of whom were free of 
chronic hypertension, anemia and other cardiovascular diseases. 

2.2. Methods 

A GE Voluson E8 color Doppler ultrasound diagnostic instrument with a two- 
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dimensional 4C-D convex array probe (frequency 1.5 - 4.6 MHz) was applied. 
Color Doppler ultrasonography was performed on the fetuses in both groups, 
and the pregnant women were instructed to take the supine position, select the 
intra-abdominal segment UV, keep the angle between the ultrasound beam and 
the long axis of blood vessels 0˚ - 30˚, Doppler sampling volume 2 mm, and show 
the standard plane of abdominal circumference on the transverse section of fetal 
abdomen. If the mother felt uncomfortable during the examination, stop the ex-
amination immediately and ask her to lie on her side or rest for a while before 
performing the examination. The fetal images were acquired at rest, frozen after 
satisfactory images were obtained, and the parameters of the umbilical venous 
circulation, such as QUV, QLPV, DV, QDV, QLPV/QUV (LPV shunt rate) and 
QDV/QUV (DV shunt rate), were analyzed by the same senior ultrasonographer. 

Specific operations: 1) UV: the standard plane of abdominal circumference 
was shown on the transverse section of the fetal abdomen, and the UV was seen 
entering the liver along the anterior abdominal wall of the fetus, and the UV 
between the UV into the abdominal cavity more than 2 mm and the venous ca-
theter was selected; 2) LPV: after the UV was found in the standard section of 
the abdomen, the first branch toward the left lobe of the liver was found along its 
course, and the position of the root about 2 mm was selected, and the internal 
diameters of the UV and LPV were measured respectively, and then according to 
the formula. Q = π × (D/2)2 × 0.5 × Vmax [6] to calculate the QUV, QLPV, and 
LPV shunt rates, respectively. 3) The end branches of the umbilical vein were 
traced along the umbilical vein alignment in selected oblique transverse sections 
until the umbilical vein catheter could be observed, its internal diameter was 
measured, and the sampling volume was set at the umbilical vein catheter to ob-
tain the maximum fetal pulse Doppler spectrum in the quiet state, and the 
maximum fetal cardiac systolic blood flow velocity was measured, and then the 
blood flow rate of the umbilical vein catheter QDV was calculated according to 
the formula: 0.7 Vmax-dv × (DDV/2)2 × π [7], where Vmax-dv is the maximum 
flow velocity of the venous catheter and DDV is the internal diameter of the 
umbilical venous catheter. Color Doppler flow imaging was obtained, and the 
pulse Doppler sampling volume was placed at the same site with a sampling vo-
lume of 2 mm, and the angle between the sampling line and the direction of 
blood flow was controlled at 0˚ - 30˚, and the maximum flow velocity (Vmax) 
was measured, and then the LPV shunt rate and DV shunt rate were calculated. 

2.3. Statistical Analysis 

This study was analyzed and processed by SPSS22.0 software. Count data were 
expressed as number of cases (%), with 2-test used for comparison between 
groups; Measurement data were described as ( x s± ), with LSD-t test used for 
comparison between groups. Clinical diagnosis was used as the gold standard to 
analyze the sensitivity and specificity of relevant indexes for predicting PE, with 
P < 0.05 indicating significantly statistical differences. 
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3. Results 
3.1. Comparison of Basic Clinical Conditions of Pregnant Women 

between Groups 

The analysis of clinical data showed that there was no significant difference in 
age, pre-pregnancy body mass index (BMI), gestational week of examination, 
pregnancy and delivery between PE mild group, PE severe group, and the con-
trol group, with no statistical significance (P > 0.05). The detailed results are 
shown in Table 1. 

3.2. Comparison of Fetal Umbilical Vein Circulation Doppler  
Parameters between Groups 

The results of clinical Doppler examination showed that in the PE group, the fetal 
QUV, QLPV and LPV shunt rates were lower than those in the control group, 
while the QDV and DV shunt rates were higher than those in the control group. 
Both of the mild and severe PE groups showed statistically significant differences, 
compared with the normal control group (P < 0.05). As the severity of PE in-
creased, the fetal QUV, QLPV and LPV shunt rates were lower, while the shunt 
rates of QDV and DV were higher in the severe group, compared with the mild 
group, all with statistical significance (P < 0.05). The results are shown in Table 2. 

 
Table 1. Comparison of the basic conditions of pregnant women in the PE and control 
groups ( x s± ). 

Item 
Control group 

(n = 120) 
PE mild group 

(n = 23) 
PE severe group 

(n = 23) 
P-value 

Age (years) 25.67 ± 3.29 26.61 ± 4.08 26.92 ± 4.11 0.175 

Pre-pregnancy BMI 21.64 ± 2.80 22.08 ± 2.93 22.10 ± 2.84 0.083 

Week of pregnancy  
examined (weeks) 

31.80 ± 2.11 32.02 ± 2.32 31.87 ± 2.28 0.204 

Pregnancy times (times) 1.96 ± 0.22 2.03 ± 0.28 1.98 ± 0.27 0.273 

Number of births (times) 0.51 ± 0.11 0.49 ± 0.23 0.49 ± 0.17 0.109 

Note: P > 0.05 compared with normal control group. 
 

Table 2. Comparison of fetal umbilical vein blood circulation Doppler ultrasound parameters indexes in 
each group ( x s± ). 

Group 
Number  
of cases 

QLPV  
(ml/min) 

QDV  
(ml/min) 

QUV  
(ml/min) 

LPV shunt  
rate 

DV shunt  
rate 

Control group 120 46.21 ± 12.17 39.05 ± 12.18 141.83 ± 30.51 0.33 ± 0.04 0.22 ± 0.04 

PE mild group 23 39.17 ± 8.26 55.74 ± 10.62 112.24 ± 40.22 0.24 ± 0.05 0.34 ± 0.11 

PE severe group 23 28.37 ± 6.30 60.82 ± 10.53 108.36 ± 32.22 0.17 ± 0.10 0.42 ± 0.07 

t-value  9.065 6.125 10.811 3.251 4.236 

P-value  0.000 0.000 0.001 0.000 0.000 
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3.3. Fetal Umbilical Vein Blood Circulation Doppler Parameters to 
Predict PE Efficacy 

Clinical Doppler findings showed that using fetal QUV, QLPV, QDV, LPV 
shunt rate, and DV shunt rate alone had higher specificity and sensitivity than 
the combination of them in pregnant women with PE, with statistical signific-
ance (P < 0.05). The results are shown in Table 3. 

4. Discussion 

PE is a disease specific to pregnancy with a prevalence of about 5% - 10% [8]. 
Clinical manifestations are hypertension, proteinuria or other multisystem ab-
normalities after 20 weeks of gestation. The condition is an important contribu-
tor to maternal and fetal morbidity and mortality [9]. Therefore, early predic-
tion, early intervention and timely monitoring of PE are particularly important. 
With the continuous innovation and development of color Doppler ultrasound 
diagnostic technology, its role in prenatal diagnosis is increasing. Due to its 
many advantages over other examinations [10], such that it is safe, noninvasive, 
accurate, reproducible, and can reflect the blood supply of tissues and organs in 
real time, it has been used in the evaluation of PE [11]. 

At present, the clinical pathogenesis of PE is not fully clarified, but it has been 
widely recognized clinically that the placenta is a key factor in the pathogenesis 
of PE [12]. Decreased trophoblast infiltration capacity in the placenta of PE, 
shallow placental implantation, and impaired uterine spiral artery remodeling 
lead to decreased vascular production in the placenta and ultimately to inade-
quate placental perfusion. When the placenta is undersupplied with blood and 
oxygen, changes in hormone levels in the body contribute to an increase in the 
internal diameter of the DV, which leads to an increase in DV shunting, while 
extensive constriction of the intrahepatic portal system occurs, and UV blood is 
redistributed, preferentially flowing through the venous catheter away from the 
liver and towards the heart, reaching the coronary arteries and cerebral circula-
tion, etc., which facilitates the nutrition and oxygen requirements of vital organs 
[13]. 

 
Table 3. Comparison of the efficacy of single and combined prediction of fetal umbilical 
vein circulation Doppler parameters for PE. 

Indicator Sensitivity (%) Specificity (%) 

QUV 75.43a 74.50a 

QLPV 80.40a 73.45a 

QDV 85.90a 85.50a 

LPV Shunt Rate 75.8a 73.20a 

DV Shunt Rate 84.90a 86.45a 

Joint prediction 95.40 98.15 

Note: Comparison with joint predicted PE, aP < 0.05. 
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The umbilical vein is an important channel of fetal blood circulation, supply-
ing highly oxygenated blood flow from the placenta to the fetus, and is responsi-
ble for obtaining the nutrients required for fetal growth and development. Dur-
ing normal pregnancy, along with the maturation of the placenta, the placental 
vessels gradually thicken, the vascular resistance decreases, and the ventricular 
compliance also increases with the decrease of cardiac after load, which results in 
the decrease of end-diastolic pressure and the increase of systolic return flow 
rate; meanwhile, the internal diameter of the DV increases gradually with the 
prolongation of the gestational week, and the UV blood flow increases accor-
dingly. Thus, normal fetal UV blood flow parameters indicators increase with 
increasing gestational weeks. Based on this, the present study attempted to pre-
dict the occurrence of PE by detecting fetal UV blood circulation parameters, 
and then provide guidance and basis for early clinical intervention. 

Clinical studies have found that umbilical vein blood flow predicts fetal 
growth restriction [14] [15] as well as infants younger than gestational age [16] 
and can be used as one of the indicators for fetal birth risk classification [17]. 
Because PE patients are less frequent clinically, they are often overlooked in 
clinical diagnosis, but they are significantly correlated with fetal prognosis, and 
analyzing the correlation between changes in UV circulatory Doppler parame-
ters and different degrees of preeclampsia is a simple, noninvasive, reproducible 
and feasible method for predicting intrauterine distress and hypoxia, which is 
more sensitive and accurate than the currently used fetal monitoring, and it can 
quantify the amount of UV circulatory perfusion, promptly It is important to 
reduce the rate of perinatal disability and improve the quality of perinatal medi-
cine and eugenics. 

The results of this study showed that compared with the control group, fetuses 
in PE groups had significantly higher QDV and DV shunt rate, and significantly 
lower QUV, QLPV and LPV shunt rate. In addition, the severity of PE showed 
positive associations with QDV and DV shunt rate, and negative associations 
with QUV, QLPV and LPV shunt rate. In normal pregnancies, the effect of QUV 
on DV shunts is the greatest, because the placental hormonal effect thickens the 
umbilical vein, causing an increase in blood flow velocity and flow rate, which in 
turn increases the DV shunt rate. In addition, the specificity and sensitivity of 
the combined parameters of fetal QUV, QLPV, QDV, LPV shunt rate, and DV 
shunt rate in predicting PE were 95.40% and 98.15%, respectively, which were 
higher than those of single indicators (P < 0.05). 

5. Conclusion 

In conclusion, the fetal umbilical vein Doppler parameters QUV, QLPV, QDV, 
LPV shunt rate, and DV shunt rate change significantly in pregnant women 
with PE, which have some clinical significance in PE prediction. We found 
that the combination has higher clinical value, which can be used in clinical 
practice. 
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