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ABSTRACT
Objective: To explore the relationship between 3D power Doppler ultrasound (3D-PDU) and serum MMP-2 and Ang-2 levels in
pregnant women with preeclampsia (PE).
Study Design: Comparative analytical study.
Place and Duration of Study: The Second Aﬃliated Hospital and Yuying Children's Hospital of Wenzhou Medical University,
China, from October 2017 to January 2020.
Methodology: One hundred and thirty-four pregnant women with PE were selected as the research subjects, with 67 cases in
mild group and 67 cases in severe group. Sixty-seven healthy primigravidas were selected as normal control group. Serum
MMP-2 and Ang-2 were detected. All subjects underwent prenatal 3D-PDU examination, and VI, FI and VFI were measured.
Results: Compared to normal control group, serum MMP-2 and Ang-2 levels of mild group and severe group decreased successively (all p <0.001); VI, FI, and VFI of mild group and severe group decreased successively (both p <0.001). Pearson correlation
analysis showed that serum MMP-2 in pregnant women with PE was positively correlated with VI, FI, VFI (r = 0.940, p <0.001, r
= 0.938, p <0.001, and r = 0.921, p <0.001, respectively); and serum Ang-2 was positively correlated with VI, FI, VFI (r = 0.958,
p <0.001; r = 0.960; p <0.001; r = 0.945, p <0.001, respectively).
Conclusion: 3D-PDU has a certain application value in the diagnosis of pregnant women with PE, variation tendency of VI, FI
and VFI detected by 3D-PDU is closely associated with serum MMP-2 and Ang-2 levels.
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INTRODUCTION
Preeclampsia (PE), a pregnancy-speciﬁc disorder, remains a
leading cause of maternal and perinatal morbidity and mortality.1
The speciﬁc pathogenesis of PE still remains unclear.2 Placenta
may play a major role in its pathogenesis.3 The pathological manifestations of placenta in patients with PE are shallow placental
implantation, small villi area, and poorly developed blood vessels
in the villi.4 The degradation of extracellular matrix (ECM) is a key
part of trophoblast invasion. Matrix metalloproteinase-2 (MMP-2)
plays a pivotal role in cell invasion. Its substrate is type IV collagen,
the main component of ECM. MMPs are closely linked to
trophoblastic invasion and inﬁltration abilities.5 Serum MMP-2
expression is increased in patients with PE, indicating that MMP-2
may be a major risk factor in pregnancy-induced hypertension.6
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Ang-2, a member of the Angs family, is involved in physiological
and pathological angiogenesis.7,8 It is an essential factor in the
development of placenta. Low level of Ang-2 may reduce the
invasion ability of trophoblast cells, resulting in poor formation
of placental vascular network. Next, continuous hypoxia of
placental tissues produces a large amount of cytotoxic substances into blood, and then PE is induced. Studies have shown
that the Ang-1/Ang-2 ratio in plasma constitutes a possible
biomarker for prediction of PE.9,10
Three-dimensional power Doppler ultrasound (3D-PDU) is a
technique that forms images using the density, scattering intensity or energy distribution of red blood cells in the bloodstream,
namely the number of red blood cells per unit area and the amplitude of signals. 3D-PDU, not limited by angle-dependent
aliasing and low sensitivity to low-velocity blood ﬂow, has a wide
range of display signals. It shows strengths in observing the
imaging of small vessels, low-velocity blood ﬂow and its
vascular space, and is therefore suitable for monitoring the
placental vascular tree. After image collection, vascularization
index (VI), ﬂow index (FI) and vascularization ﬂow index (VFI)
can be calculated by 3D reconstruction technology and VOCAL
software.11
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Table I: Variation of serum MMP-2 and Ang-2 levels.
Parameter
Normal control group (n=67)

Mild group (n=67)

Severe group (n=67)

p-value

MMP-2 (μg/L)

2.27 ±0.10

1.46 ±0.07

0.59 ±0.06

<0.001

Ang-2 (μg/L)

2.18 ±0.22

1.37 ±0.13

0.49 ±0.07

<0.001

Table II: Comparison of VI, FI and VFI of placental bed vessels in each group.
Parameter
Normal control group (n=67)
Mild group (n=67)

Severe group (n=67)

p-value

VI

20.85 ±2.25

14.68 ±1.35

8.38 ±0.81

<0. 001

FI

43.97 ±4.75

39.29 ±4.22

21.30 ±2.29

<0. 001

VFI

11.11 ±1.20

8.95 ±0.97

5.32 ±0.57

<0. 001

Figure 1 (A): 3D power imaging of the placenta in pregnant women
with PE.

Second Aﬃliated Hospital and Yuying Children's Hospital of
Wenzhou Medical University, China from October 2017 to
January 2020. The study was approved by the Ethics
Committee of the Hospital. The 134 pregnant women with PE
were selected as the research subjects, with 67 cases in the
mild group and 67 cases in the severe group. The diagnostic
criteria for mild PE were blood pressure ≥140/90 mmHg
after 20 weeks of gestation; and urine protein ≥0.3 g/24
hour or random urine protein (+), which may be accompanied by upper abdominal discomfort or headache. The
diagnostic criteria for severe PE were those with hypertension, proteinuria and at least one of the clinical symptoms or
signs after 20 weeks of gestation, including systolic blood
pressure ≥160-180 mmHg or diastolic blood pressure ≥110
mmHg; 24 h urinary protein >2.0 g or random urinary
protein (+++) or more; central nervous system dysfunction,
mental state change and severe headache (frequent, not
relieved by regular analgesics), cerebrovascular accident,
blurred vision, spotted hemorrhage in the fundus, cortical
blindness in very few cases; hepatocyte dysfunction, hepatocyte injury, serum transaminases increased by at least 2
times; hepatic capsule swelling symptoms, such as upper
abdominal or upper right quadrant pain, subcapsular hemorrhage or liver rupture; oliguria, 24 hour urine volume <500
mL; pulmonary edema, heart failure; platelet count
<100×109/L, coagulopathy; microangiopathic hemolysis,
elevated blood lactate dehydrogenase; and / or fetal growth
restriction, oligohydramnios, and placental abruption.

METHODOLOGY

Inclusion criteria were primiparas with singleton pregnancy,
no high-risk scores; accurate check of gestational week, no
history of fetal protection in early pregnancy; no medical or
surgical diseases; pre-pregnancy standard body mass index
18.5-28 kg/m2; basic information provided during follow-up;
and those willing to be followed up until being discharged
after delivery. Exclusion criteria were lack of regular
prenatal examination lost to follow-up during the research;
delivered elsewhere, complicated with intrahepatic cholestasis in the middle and late pregnancy; and those with heart,
liver, lung, kidney and other vital organ diseases, and benign
tumors (such as ovarian cysts and uterine ﬁbroids) during
pregnancy. Meanwhile, 67 healthy primigravidas who gave
birth in our hospital during the same period were selected as
the normal control group.

This comparative analytical study was conducted at The

Five mL peripheral blood was collected from all the subjects

Figure 1 (B): 3D power imaging index of the placenta in pregnant
women with PE.

Therefore, 3D-PDU can show the density degree of blood vessels
in the tissue, and the 3D spatial relationship of blood vessel
shapes and branches.12 At present, there are few reports on the
correlation between 3D-PDU and serum MMP-2 and Ang-2 in pregnant women with PE.
The purpose of this study was to explore the relationship between
3D-PDU and serum MMP-2 and Ang-2 levels in pregnant women
with PE.
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after admission, and the centrifuged serum samples were
taken to detect serum MMP-2 and Ang-2 levels of the
subjects using enzyme-linked immunosorbent assay. All
subjects underwent prenatal 3D-PDU examination (probe
frequency 5-8 MHz), and VI, FI and VFI were measured using
3D reconstruction technology and VOCAL software. The 3DPDU examination was measured by the same skilled physician.
SPSS version 25.0 statistical software was used for analysis.
Kolmogorov-Smirnov test was used to evaluation of the normality of quantitative data. Measurement data with normal
distribution were expressed by mean ± SD, single factor
analysis of variances with LSD-t test was used for
comparison among groups. Pearson correlation test was
used for correlation analysis. The p <0.05 was statistically
signiﬁcant.

RESULTS
In the mild group, patients aged 25-38 (30.52 ±2.59) years,
with 33-42 (38.15 ±3.37) weeks of gestation and body mass
index of 20-27 (24.49 ±2.38) Kg/m2 before pregnancy. In the
severe group, patients aged 26-39 (30.94 ±2.83) years, with
33-42 (38.34 ±3.62) weeks of gestation and body mass
index of 21-28 (24.67 ±2.45) Kg/m2 before pregnancy. In the
normal control group, patients were aged 24-38 (30.31
±2.47) years, with 34-41 (37.97 ±2.55) weeks of gestation
and body mass index of 20-28 (24.56 ±2.62) Kg/m2 before
pregnancy. Compared to the normal control group, serum
MMP-2 and Ang-2 levels of the mild group and severe group
decreased successively, and the diﬀerences were statistically signiﬁcant (all p <0.001, Table I).
The 3D power imaging of the placenta in pregnant women
with PE was shown in Figure 1A, and the 3D power imaging
index was shown in Figure 1B. Compared to the normal
control group, VI, FI, and VFI of the mild group and severe
group decreased successively, and the diﬀerences were
statistically signiﬁcant (both p <0.001, Table II).
Pearson correlation analysis of serum MMP-2, Ang-2 and VI,
FI, VFI were conducted in 134 pregnant women with PE. The
results showed that serum MMP-2 in pregnant women with
PE was positively correlated with VI, FI, VFI (r = 0.940, p
<0.001, r = 0.938, p <0.001, r = 0.921, p <0 .001, respectively); and serum Ang-2 was positively correlated with VI,
FI, VFI (r = 0.958, p <0. 001; r = 0.960; p <0. 001; r =
0.945, p <0 .001, respectively.

DISCUSSION
3D-PDU technology is simple, safe and non-invasive with no
need for contrast and exposure to radiation. It provides a
new method for studying the overall blood ﬂow of a certain
tissue or organ, and can qualitatively assess the blood
vessel type and distribution characteristics. Once the
researcher has determined an area of interest and collected
812

the images, the three blood ﬂow parameters can be calculated through 3D reconstruction technology and VOCAL software, namely VI represents the number of blood vessels in a
unit volume in the area of interest, FI the average strength
of the blood ﬂow signal in the target volume, and VFI the
comprehensive expression of the ﬁrst two parameters. Therefore, 3D-PDU can not only show the density degree of blood
vessels in the tissue and the spatial relationship of blood
vessel shapes and branches, but also provide indirect data
on the number of blood cells per unit volume.
A study have shown that VI, FI, and VFI are aﬀected by
external factors, such as blood ﬂow, attenuation, blood
13
vessel number, and red blood cell density. 3D-PDU has a
better imaging eﬀect on blood ﬂow parameters, such as VI,
14
FI and VFI compared to the 2D technology. Mihu et al. used
quantitative 3D power Doppler to measure blood ﬂow parameters VI, FI, VFI in patients with pregnancy-induced hypertension, and suggested that blood ﬂow parameters could sensitively show changes in placental blood perfusion in patients
with pregnancy-induced hypertension.15
The results of this study showed that compared to the
normal control group, VI, FI, and VFI decreased successively
in the mild group and severe group, which is basically similar
to what has been reported by Neto et al.11 This indicates that
the placental blood perfusion of pregnant women with PE is
reduced, and placental ischemia is present. The reason for
the signiﬁcant decrease in VI, VFI, and FI values of pregnant
women with PE may be associated with the decrease in the
number of blood vessels per unit volume in the placenta and
the decrease in blood ﬂow amplitude.
When the expression of MMP-2 in the placenta tissue is
insuﬃcient, the placental trophoblast cells lack suﬃcient
power to penetrate the decidua of the uterus, and this is the
important theoretical basis for the study on the occurrence
of shallow placental implantation.16 Isaka et al. revealed that
invasive ability of trophoblasts might be regulated by
MMP-2.17 The results of this study showed that compared to
the normal control group, serum MMP-2 levels in patients
with PE were signiﬁcantly reduced, which is similar to what
has been reported by Narumiya et al. It also revealed that
serum MMP-2 levels were further reduced with the aggravation of PE, and the diﬀerence between the severe group and
the mild group was statistically signiﬁcant.18 This indicates
that the invasiveness of placental trophoblast cells in
patients with PE is signiﬁcantly reduced, which is closely
associated with the severity of the disease.
The expression levels of Ang-2 mRNA and protein in the
placenta tissue of pregnant women with PE are reduced,
resulting in a decrease in serum Ang-2 levels; and Ang-2
may be involved in the pathogenesis of PE by aﬀecting the
placenta formation in early pregnancy.19 The results of this
study showed that compared to the normal control group,
serum Ang-2 levels in PE patients are signiﬁcantly reduced,
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which is similar to what has been reported by Hirokoshi et
al.20 It also revealed that serum Ang-2 levels were further
reduced with the aggravation of PE, and the diﬀerence
between the severe group and the mild group was statistically signiﬁcant. It shows that the determination of serum
Ang-2 concentration in pregnant women can be used as a
useful indicator for diagnosing and predicting PE.
Zhang et al. conﬁrmed trends in placenta and indexes (VI, FI
and VFI) of 3D-PDU detection of MMP-2 expression was
21
consistent. In this study, Pearson correlation analysis
showed that serum MMP-2 and Ang-2 in pregnant women
with PE are both positively correlated with VI, FI and VFI. It
suggests that parameters VI, FI and VFI measured by the 3DPDU technology can reﬂect the placental blood perfusion of
pregnant women with PE, and they, together with joint detection of serum MMP-2 and Ang-2, have certain clinical signiﬁcance for monitoring risk and obtaining knowledge of the
placental function in pregnant women with PE.
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