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Abstract 
Background: There have been researches on the evaluation of Doppler vascular impedance in 
hypertensive disorders complicating pregnancy (HDCP). With respect to the method of analysis 
used and the conclusions drawn in previous studies, different vessels were usually viewed sepa-
rately and independently. This study was designed to evaluate Doppler vascular impedance 
changes in HDCP from a new perspective, with original thought and insight into an ordinary issue. 
Methods: 273 pregnant women (110 hypertensive pregnancies and 163 normotensive pregnan-
cies) were randomly included in a grouping case-control study conducted from February 10, 2011 
to April 30, 2013. All women in the study underwent Doppler measurements of six different ves-
sels including the umbilical artery, the uterine arteries, the placental bed spiral artery, the fetal 
middle cerebral artery and the fetal renal artery. Doppler vascular impedance was presented as 
pulsatility index (PI), resistance index (RI), and systolic and diastolic ratio (S/D). Doppler changes 
in the hypertensive and normotensive groups were assessed by the multilevel modeling approach 
with univariate and multivariate-adjusted analyses. Results: According to multilevel modeling 
approach with multivariate-adjusted analysis, a relatively average evaluation on Doppler vascular 
impedance was provided. Hypertension was significantly associated with positive effects on PI, RI 
and S/D values (coefficients were 0.10, 0.03 and 0.08, respectively; 95% CIs were 0.06 - 0.14, 0.02 - 
0.04 and 0.04 - 0.11, respectively; P values were all less than 0.001) in comparison with normo-
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tensive group. Conclusion: According to an overall evaluation, Doppler vascular impedance in 
hypertensive disorders complicating pregnancy was higher than in normotensive pregnancy. The 
novel thought and approach applied in this research may bring about inspirations for better un-
derstanding and assessment of the disease. 

 
Keywords 
Pregnancy, Doppler, Vascular Impedance, Multilevel Modeling 

 
 

1. Background 
Hypertensive disorders complicating pregnancy (HDCP) denotes a group of common medical complications that 
may occur in pregnancy and that are a major cause of maternal and neonatal mortality and morbidity [1]. The 
prevalence of HDCP is approximately 5.22% and 8% - 10% of all pregnancies in China and worldwide respec-
tively [2] [3]. The disease, the clinical manifestations of which include hypertension and proteinuria, can occur 
during pregnancy or delivery. Hypertensive disorders complicating pregnancy may result in severe maternal and 
fetal complications including cardiovascular and cerebrovascular disease, liver and kidney dysfunction, HELLP 
syndrome, placental abruption and in fetal growth restriction, fetal death, stillbirth, preterm birth and neonatal 
asphyxia [1]. Although recent decades have brought important advances in our understanding of the etiology 
and pathophysiological mechanisms of HDCP [4], most of the factors leading to the disease still remain unclear.  

Doppler measurement is considered to be one of the most important conventional techniques for assessing 
antenatal conditions, due to its wide availability, its clinical applicability and its non-invasiveness [5]. Doppler 
evaluation of vascular impedance in hypertensive pregnancy has been a focal point in recent years. Blood flow 
indices obtained using this technique can provide indirect evidence regarding maternal and fetal hemodynamics 
and circulatory changes; based on extensive research that has led to deep understanding of Doppler measurement, 
appropriate clinical management can then be carried out promptly. The currently available literature includes 
reports of numerous studies on Doppler vascular impedance in hypertensive pregnancy [6]-[13]. Most of these 
studies investigated Doppler vascular impedance based on one or several vessels, such as the umbilical artery, 
the uterine artery, and the fetal middle cerebral artery. However, with respect to the method of analysis used and 
the conclusions drawn in these studies, different vessels were usually viewed separately and independently.  

In the present work, we adopted a different approach and used a novel method of analysis to investigate vas-
cular impedance in HDCP by Doppler measurements. From a different aspect, this research may contribute to 
deep understanding of the disease. 

2. Methods 
The study was conducted at the First Affiliated Hospital of Xi’an Jiaotong University, Shaanxi, China, from 
February 10, 2011 to April 30, 2013. It was a case-control study in which we randomly included 110 women 
with HDCP and 163 normotensive pregnancies as controls. All of the women were at or beyond 26 weeks’ ges-
tation. Gestational age was calculated by LMP or confirmed based on the results of first trimester ultrasound. 
The cases were consisted of 11 gestational hypertension, 88 preeclampsia, 1 eclampsia, 8 superimposed preec-
lampsia, and 2 chronic hypertension.  

The criteria used for the diagnosis of HDCP were those listed in Williams Obstetrics (23rd edition) and in-
cluded: 1) gestational hypertension (hypertension for the first time during pregnancy without proteinuria); 2) 
preeclampsia (hypertension after 20 weeks’ gestation with proteinuria); 3) eclampsia (seizures following preec-
lampsia); 4) preeclampsia superimposed on chronic hypertension (new-onset proteinuria in hypertensive women 
but no proteinuria before 20 weeks’ gestation or a sudden increase in proteinuria or blood pressure or platelet 
count < 100,000/μL in women with hypertension and proteinuria before 20 weeks’ gestation); 5) chronic hyper-
tension in pregnancy (hypertension before pregnancy or hypertension diagnosed before 20 weeks’ gestation not 
attributable to gestational trophoblastic disease or hypertension first diagnosed after 20 weeks’ gestation and 
persisting longer than 12 weeks postpartum) [14]. Hypertension was defined as systolic blood pressure ≥ 140 
mmHg and/or diastolic blood pressure ≥ 90 mmHg on at least two occasions at a 4-hour interval. Proteinuria 
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was defined as ≥300 mg protein/24 hours or ≥1 + dipstick. 
Women with fetal chromosomal abnormalities, fetal malformations, placental or umbilical anomalies, asso-

ciated complications of pregnancy (diabetes mellitus, intrahepatic cholestasis, thrombophilia, and thrombopenia, 
among others), systemic vascular or autoimmune disorders, multiple pregnancies, rupture of the amniotic mem-
brane and women receiving vasoactive drugs or in active labor were excluded from the study. The control par-
ticipants were normotensive.  

The study was approved by the ethical and research committee of the hospital. The purpose and procedures of 
the study were explained to all enrolled participants, and a written informed consent form was obtained from 
each participant. 

Routine ultrasound and Doppler flow spectrum measurements of the umbilical artery, the uterine arteries, the 
fetal middle cerebral artery, the fetal renal artery and the placental spiral artery were carried out in all cases. All 
ultrasound scans were performed by a single investigator (Ting Yuan) using a Voluson E8 (GE Medical Systems, 
Milwaukee, WI, USA) ultrasound system. The investigator was blinded to cases and controls. 

The umbilical artery Doppler flow spectrum was recorded from a free floating portion of the umbilical cord 
during minimal fetal activity and the absence of fetal breathing (Figure 1). The fetal middle cerebral artery 
Doppler flow spectrum was recorded in a transverse view of the fetal brain, with the Doppler gate placed on the 
vessel approximately 1cm distal to the circle of Willis (Figure 2). The fetal renal artery flow spectrum was per-
formed in a bilateral coronal section of the fetal kidneys with the Doppler gate placed on the trunk of the renal 
artery near the hilus (Figure 3). Uterine artery Doppler was carried out by identifying the vessel in an oblique 
scan with the sample volume distal to the crossing of the uterine artery and the bilateral external iliac artery 
(Figure 4). The placental spiral artery waveform was obtained with the Doppler gate placed on the area between 
the placenta and the uterine muscular layer. In all of these measurements, the angle between the ultrasonograph-
ic beam and the direction of blood flow was between 15 and 30 degrees (Figure 5). Angle correction was ap-
plied and the signal was updated until 3 - 5 similar consecutive waveforms were obtained. The obtained flow in-
dices were presented as pulsatility index (PI), resistance index (RI), and systolic and diastolic ratio(S/D). FGR 
was defined when the fetus was below the tenth percentile on the curve of weight for gestational age according 
to ACOG [15].  

 

 
Figure 1. Doppler waveform of umbilical artery (38 weeks’ gestation).                                               
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Figure 2. Doppler waveform of the fetal middle cerebral artery (38 weeks’ gestation).                                   

 

 
Figure 3. Doppler waveform of the fetal renal artery (38 weeks’ gestation).                                           
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Figure 4. Doppler waveform of the uterine artery (38 weeks’ gestation).                                               

 

 
Figure 5. Doppler waveform of the placental bed spiral artery (39 weeks’ gestation).                                   
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The data on the enrolled pregnant women were checked and double-entered into the data management system. 
The distribution and pregnancy status of the hypertensive and normotensive groups were presented as Mean 
with standard deviation or Median (range) for quantitative data and as percentages for categorical variables. Due 
to the hierarchical structure of the data, a multilevel modeling approach with individual to level 2 and sampling 
location to level 1 was developed to assess differences in the Doppler indices of the hypertensive and normoten-
sive groups. Estimations of the coefficients and 95% confidence intervals (CIs) were made according to the case 
and control groups. Due to the rigorous random sample design used in this study, the baseline information was 
well balanced between the two groups. In addition, because maternal age, gestational age, parity, FGR, place of 
residence have been considered to be possibly associated with vascular impedance [16]-[20], we ran a model to 
assess differences in the Doppler indices between hypertensive and normotensive groups after adjustment for 
these variables. All P values were 2-tailed, and values of <0.05 were considered to be statistically significant. 

The statistical analysis was performed using STATA version 12.0 (StataCorp, College Station, Texas, USA). 

3. Results 
The demographic and clinical characteristics of the 273 women, including maternal age, gestational age at 
Doppler examination, nulliparity, place of residence and blood pressure were presented in Table 1.  

Table 2 showed there were significant differences between normotensive and hypertensive group in PI, RI 
and S/D of umbilical artery and middle cerebral artery, impedances of umbilical artery were higher in hyperten-
sive group (P values were all less than 0.001), but its impedance of middle cerebral artery were lower (P values 
were <0.001, 0.038, <0.001 respectively). S/D of fetal renal artery was significantly higher in hypertensive 
group (P value < 0.001). Table 3 showed significant increases in the impedances of maternal vessels in hyper-
tensive group (P values were all less than 0.001). 

Table 2 and Table 3 showed that there were discrepancies in the Doppler flow indices values obtained in fet-
al vessels and maternal vessels between the hypertensive and normotensive groups. The data indicated that 
Doppler impedances of different locations were different and the discrepancy should be taken into consideration 
in the subsequent analyses. 

Based on the results of univariate analysis, hypertension was associated with a positive effect on PI, RI and 
S/D values, increasing the mean PI, RI and S/D values by 0.09, 0.03 and 0.07, respectively (the 95% CIs were 
0.05 - 0.13, 0.02 - 0.05 and 0.03 - 0.11, respectively) compared with the normotensive group. There were sig-
nificant differences between the two groups for three indices, and the P values for these differences were all less 
than 0.001. The multivariate-adjusted results revealed similar differences when we included the potential con-
founders in the analysis. The mean PI, RI and S/D values in the hypertensive group increased by 0.10, 0.03 and 
0.08, respectively (the 95% CIs were 0.06 - 0.14, 0.02 - 0.04 and 0.04 - 0.11, respectively) in comparison with 
the normotensive group. Significant differences still existed and the P values were all less than 0.001. The re-
sults also indicated that gestational age had a significant influence on PI, RI and S/D values in the confounders 
(Table 4). 

 
Table 1. Demographic and clinical characteristics of the study population.                                                  

Characteristic Hypertensive Normotensive P value 
Number 110 163 - 

Maternal age, ys, mean ± SD 29.81 ± 4.86 28.14 ± 3.72 0.532 
Gestational age, wks, mean ± SD 35.10 ± 3.79 34.75 ± 4.59 0.257 

Nulliparity, n, %   0.075 
Yes 92 (83.64) 148 (90.80)  
No 18 (16.36) 15 (9.20)  

Place of residence, n, %   0.004 
Rural 65 (59.09) 67 (41.10)  
Urban 45 (40.91) 96 (58.90)  

SBP, mmHg, median (range) 150 (145 - 180) 115 (105 - 120) <0.001 
DBP, mmHg, median (range) 100 (90 - 120) 70 (65 - 80) <0.001 

SBP, systolic blood pressure; DBP, diastolic blood pressure. 
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Table 2. Comparisons of Doppler indices of fetal vessels between the hypertensive and normotensive groupsa.                      

Index/group UmA MCA RA 

PI    
Normotensive 0.85 (0.56 - 1.72) 1.32 (0.65 - 2.59) 1.79 ± 0.43 
Hypertensive 0.89 (0.42 - 1.61) 1.23 (0.60 - 6.95) 1.78 ± 0.40 

P value <0.001 <0.001 0.235 
RI    

Normotensive 0.57 (0.42 - 0.88) 0.73 (0.08 - 0.99) 0.82 ± 0.09 
Hypertensive 0.60 (0.56 - 1.03) 0.71 (0.45 - 1.04) 0.83 ± 0.10 

P value <0.001 0.038 0.562 
S/D    

Normotensive 2.34 (1.72 - 6.38) 3.75 (1.86 - 14.03) 5.45 (2.50 - 40.75) 
Hypertensive 2.50 (1.54 - 6.92) 3.40 (1.82 - 28.44) 5.86 (2.52 - 85.28) 

P value <0.001 <0.001 <0.001 
aIndex values were presented as the mean ± SD or median (range); PI, pulsatility index; RI, resistance index; S/D, systolic and diastolic ratio; UmA, 
umbilical artery; MCA, fetal middle cerebral artery; RA, fetal renal artery. 

 
Table 3. Comparisons of Doppler indices of maternal vessels between the hypertensive and normotensive groupsa.                  

Index/group PSA lUtA rUtA 

PI    
Normotensive 0.34 (0.13 - 1.72) 0.64 (0.03 - 3.15) 0.68 (0.01 - 3.12) 
Hypertensive 0.41 (0.19 - 0.98) 0.88 (0.18 - 2.63) 0.81 (0.38 - 2.88) 

P value <0.001 <0.001 <0.001 
RI    

Normotensive 0.29 (0.12 - 1.21) 0.45 (0.02 - 0.98) 0.46 (0.01 - 0.99) 
Hypertensive 0.35 (0.10 - 1.22) 0.56 (0.08 - 0.99) 0.53 (0.30 - 0.99) 

P value <0.001 <0.001 <0.001 
S/D    

Normotensive 1.41 (1.14 - 4.11) 1.81 (1.02 - 7.92) 1.86 (1.01 - 8.87) 
Hypertensive 1.51 (1.21 - 2.68) 2.17 (1.12 - 6.39) 2.11 (1.43 - 8.20) 

P value <0.001 <0.001 <0.001 
aIndex values were presented as the mean ± SD or median (range); PI, pulsatility index; RI, resistance index; S/D, systolic and diastolic ratio; PSA, 
placental bed spiral artery; lUtA, left uterine artery; rUtA, right uterine artery. 

 
Table 4. Comparisons of Doppler index values of fetal and maternal vessels in multilevel modeling between the hyperten-
sive and normotensive groupsa.                                                                                       

Index/group 
Model 1b Model 2c 

Coeff. P value 95% CI Coeff. P value 95% CI 

PI       
Normotensive group 0   0   
Hypertensive group 0.09 <0.001 0.05 - 0.13 0.10 <0.001 0.06 - 0.14 

RI       
Normotensive group 0   0   
Hypertensive group 0.03 <0.001 0.02 - 0.05 0.03 <0.001 0.02 - 0.04 

S/D       
Normotensive group 0   0   
Hypertensive group 0.07 <0.001 0.03 - 0.11 0.08 <0.001 0.04 - 0.11 

aMultilevel modeling was used to compare the differences between the values for the hypertensive and normotensive groups, with individual to level 
2 and sampling location to level 1. bModel 1 was univariate. cModel 2 was adjusted for potential confounders including maternal age, gestational age, 
nulliparity and place of residence.Gestational age showed a significant influence on PI, RI and S/D ratio. 
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4. Discussion 
Multilevel analysis conducted with potential confounders taken into consideration showed that hypertension had 
a positive influence on vascular impedance in pregnancy based on comparison between the hypertensive and the 
normotensive groups. 

In most of the studies similar to the current one, researchers compared the Doppler vascular indices of hyper-
tensive and normotensive subjects by investigating one vessel or by investigating several vessels separately. 
Hypertensive pregnancy is actually a disease associated with placental circulatory dysfunction that gradually 
results in chronic fetal hypoxia. Progressively increased resistance in the umbilical artery and the fetal renal ar-
tery are fetal adjustments for hypoxia and deprivation [6] [7]. At the same time, flow impedance in the fetal 
middle cerebral artery declines; this is called the “brain sparing effect”. This process was identified clinically by 
the observation of reduced Doppler impedance in the middle cerebral artery [8]-[10]. In addition, the placental 
bed spiral arteries are the terminal branches of the uterine artery, which are subject to similar histopathological 
mechanisms and, like the uterine artery, show consistent significance with respect to the effects of hypertension. 
Early evidence has demonstrated that placentas harvested from hypertensive pregnancies, especially those from 
preeclamptic pregnancies, often show poor remodeling of the spiral arteries [11], and defective conversion of 
the arteries has been shown to be associated with increased uterine flow resistance [12] [13].  

In the studies described above, the Doppler indices of different arteries were analyzed separately. In contrast, 
the current study proposes a novel approach to the evaluation of vascular impedance in hypertensive pregnancies. 
The unique characteristic of the data in our study was that it was obtained from multiple sampling locations 
within each individual. The sampling locations were selected based on the following principles. First, Doppler 
measurements of the umbilical artery, the fetal middle cerebral artery, the fetal renal artery, the uterine artery 
and the placental bed spiral artery are widely used to assess both normal and complicated pregnancies; the pro-
cedures used to obtain these Doppler measurements are undisputed and uncomplicated, and the reliability and 
clinical applicability of Doppler PI of the umbilical artery, fetal middle cerebral artery, fetal renal artery, and 
uterine artery has been confirmed [21]-[24]. Secondly, pregnant women possess two intrinsic circulations, the 
maternal or uteroplacental circulation and the fetal or fetoplacental circulation. In assessing vascular conditions 
during pregnancy, vessels that have the capacity to reflect both circulations should be taken into consideration. 
Doppler flow changes in the umbilical artery, the fetal middle cerebral artery, and the fetal renal artery are 
viewed as indirect reflections of the fetoplacental and fetal circulations. Furthermore, the uterine artery and the 
placental bed spiral artery are essential vessels for assessing uteroplacental circulation.  

When Doppler indices obtained at different locations were analyzed separately, impedance increased in some 
locations (the umbilical artery, the fetal renal artery, the uterine artery and the placental bed spiral artery), whe-
reas it decreased in the fetal middle cerebral artery. However, considered from the point of view of pathophysi-
ology, the reality is that these vascular impedance changes are all placental-based alterations and that hyperten-
sive pregnancy is actually a chronic form of placenta insufficiency disease [6]. When Doppler measurements 
obtained at different locations were integrated within an individual (mother and fetus), we concluded that vas-
cular impedance was significantly higher in hypertensive pregnant women than in their normotensive counter-
parts. This study thus provided new insight into the influence of hypertension on the vascular impedance of 
pregnant women and brought about hints on the placental-based etiology and pathogenesis of hypertensive 
pregnancy from the aspect of Doppler measurement.  

Whereas, Doppler measurement of a single vessel may lead to incomplete assessment and management of 
some clinical conditions, the use of Doppler measurements of different vessels may contribute to more compre-
hensive and reliable solutions to some problems. Presumably, the changes, degree of changes and durations of 
changes of the impedances in different vessels were different. However, our analysis of different locations 
within the fetal and maternal circulations provided an overall evaluation of the changes in vascular impedance 
during pregnancy and showed that the vascular impedance indeed increased.  

The strength of this study was the application of original thought and insight to an ordinary issue. However, 
this study also possesses certain limitations. First, we did not include confounding variables such as maternal 
BMI, socioeconomic conditions, or smoking in our analysis. This was primarily due to the very small number of 
smokers among pregnant women and especially to the very low level of cigarette use by the pregnant women in 
the study population. Second, further studies involving a larger number of pregnancies and more diverse sam-
pling locations are necessary to confirm our results. 
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5. Conclusion 
According to an overall evaluation, vascular impedance in hypertensive disorders complicating pregnancy was 
significantly higher compared with normotensive pregnancy. The multilevel model used in this research may 
contribute to better understanding and assessment of the disease.  
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