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Decreased endometrial vascularity and receptivity in unexplained
recurrent miscarriage patients during midluteal and early pregnancy
phases
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a b s t r a c t

Objective: To evaluate the predictive value of three-dimensional (3D)-power Doppler sonography on
recurrent miscarriage.
Materials and methods: The study patients were divided into a recurrent miscarriage group (30 cases)
and a normal pregnancy group (21 cases). Measurement of endometrial thickness was performed using
two-dimensional transvaginal ultrasound in the midluteal phase. The endometrial volume, vasculari-
zation index (VI), flow index (FI), and vascularization-flow index (VFI) in midluteal and placenta volume,
as well as the VI, FI, and VFI of early pregnancy were measured using Virtual Organ Computer-aided
Analysis of 3D-power Doppler ultrasound.
Results: Endometrial thickness, endometrial volume, endometrial vascular data, VI, FI, and VFI of the
midluteal phase were lower in the recurrent miscarriage group compared with the normal pregnancy
group (p < 0.05). Placental volume, VI, and VFI during early pregnancy were lower in the miscarriage
group compared with the normal pregnancy group (p < 0.05). There was no significant change in FI
between the recurrent miscarriage and control groups during early pregnancy (p > 0.05). The predictive
accuracy of endometrial thickness, endometrial volume, VI, FI, and VFI in the midluteal phase, and
placenta volume, VI, FI, and VFI in early pregnancy as measured by the receiver operating characteristic
curve to predict miscarriage before 12 gestational weeks in participants was 0.681, 0.876, 0.770, 0.720,
0.879, 0.771, 0.907, 0.592, respectively.
Conclusion: The 3D-power Doppler ultrasound is a more comprehensive and sensitive method for
evaluating endometrial receptivity. Endometrial volume, VI, FI, and VFI in the midluteal phase, as well as
VI in early pregnancy, can be considered as predictive factors for recurrent miscarriage.
Copyright © 2015, Taiwan Association of Obstetrics & Gynecology. Published by Elsevier Taiwan LLC. All

rights reserved.

Introduction

Recurrent miscarriage (RM) affects approximately 3% of women
of reproductive age [1]. Genetic, endocrine, infectious, and
anatomical factors, as well as autoantibodies, abnormal pro-
thrombotic state, and other aspects are involved in the etiology

[2e5]. Endometrial receptivity can also be explained as an endo-
metrial state allowing embryo adhesion, invasion, and implanta-
tion [6]. Endometrial receptivity correlates with endometrial
angiogenesis and the degree of vascularization [7]. Endometrial
angiogenesis and vascularization form the basis for the formation
of the decidual capillary network in the placenta and the founda-
tion of embryonic growth and development. Endometrial and
subendometrial hypoxia caused by inadequate blood flow induces
low receptivity, which decreases embryo implantation and in-
creases spontaneous abortion [8].

In recent years with the development of ultrasonic technology,
an effective nontraumatic detection technique has been provided
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for evaluating endometrial receptivity. Several ultrasonic evalua-
tion parameters for endometrial receptivity have been put forward,
including endometrial thickness, endometrium types, endometrial
volume, and endometrial and subendometrial blood flow. Three-
dimensional (3D) ultrasonography using power Doppler angiog-
raphy (3D-CPA) accurately measures endometrial volume and
vascular parameters, including: (1) vascularization index (VI),
which represents the number of blood vessels in the measured
region; (2) blood flow index (FI), which represents the blood flow
strength sensed over 3D-scanning time in the measured region;
and (3) vascularization flow index (VFI), which represents the sum
of blood flow and vascularization in the measured region. These
three parameters reflect endometrial and placental blood supply
sensitivity. Hafner et al [9] found that placental clearance flow
could be detected through vaginal 3D-CPA at 5-weeks gestation,
and that the VI and VFI positively correlated with crown-rump
length and embryonic bud size, which provided the basis for the
study of early pregnancy placental blood flow parameters using
ultrasonic monitoring.

Most research focuses on the measurement of midluteal phase
endometrial volume and vascular parameters to predict assisted
reproductive success rate. Few investigations have explored pre-
dicting the risk of recurrent miscarriage using 3D ultrasound and
no study has used early pregnancy placental volume and vascular
parameters to evaluate the risk of recurrent miscarriage. The
present study investigates endometrial volume and vascular pa-
rameters in the midluteal phase of recurrent miscarriage patients
and follows patients until pregnancy, measuring first-trimester
placental volume and blood flow parameters and comparing
these data to normal fertile women in order to clarify the pre-
dictive value of 3D-power Doppler ultrasound for recurrent
miscarriage.

Materials and methods

Patients

The experiment was conducted in the prenatal diagnosis center
of The First Affiliated Hospital of GuangXi Medical University and
GuangXi Women and Children Hospital (GuangXi, China). Signed
informed consent was obtained from all participants and the study
was approved by the Research Ethics Board of the First Affiliated
Hospital of GuangXi Medical University.

From January 2013 to January 2014, 122 women were enrolled
in the study and 51 women remained until study completion. The
experimental design was a case control study. The women were
divided into two groups: the recurrent miscarriage (study) group
and the normal pregnancy (control) group. Inclusion criteria for
the study group were: (1) the pregnancy was ending before 12
gestational weeks; (2) patients had experienced two or more
spontaneous abortions; (3) parents both had no chromosomal
abnormalities; (4) patients had no abnormality of the uterus; (5)
patients had no history of toxic material exposure; and (6) pa-
tients had a healthy medical history outside of miscarriage. In-
clusion criteria for the control group were: (1) the pregnancy
lasted until 12 gestational weeks; (2) patients had no history of
spontaneous abortion; (3) patients had no abnormality of the
uterus; (4) patients had no history of toxic material exposure; and
(5) patients had a healthy medical history. Case baseline assess-
ment included age.

Ultrasound data acquisition

Using a Voluson E8 Ultrasound (GE Medical Systems Kretz-
technik GmbH, Zipf, Austria), a ~5e9-MHz transvaginal volumetric

probe, and Virtual Organ Computer-aided Analysis (VOCAL) soft-
ware (GE Medical Systems Kretztechnik GmbH), all patients
received a transvaginal ultrasound scan performed by a single
investigator unaware of participant status.

The entire endometrial section was displayed in uterine longi-
tudinal sections using two-dimensional (2D) Doppler ultrasonog-
raphy. Taking the maximum distance of the interface between the
diameter of anterior and posterior uterine myometrium, then
perpendicular across the midline of the endometrium as endo-
metrial thickness, three continuous measurements were taken and
averaged.

Using the optional multiplatform model and a volume angle of
120�, the volume of the sampling frame size was adjusted to ensure
that the endometrium was completely oriented within the sam-
pling frame. Volume scanning was then started and three planar
volumetric measurements obtained and stored for analysis. The
best reference plane was selected to display the endometrial cavity
from the uterus fundus to the cervical. The VOCAL software appli-
cation was used to manually sketch and set the volume of data
extraction for every aspect angle within 30�, then trace the outline
of the endometrium in each section. The system automatically
calculated and displayed the volumetric results after completion of
outlining, then applied 3D histogram-analysis software to calculate
the energy in order to obtain endometrial volume flow parameters,
VI, FI, and VFI.

Intrauterine early pregnancy can be diagnosed using B-scan
ultrasonography, showing a “double ring sign” gestational sac or
yolk sac. At the beginning of 6e8 weeks in early pregnancy, the
placenta can be identified using B-scan ultrasonography. Placenta
essence can be explored using a stronger uniform light spot than
echogenicity of the surrounding muscle tissue, which is mostly
“crescent-shaped.” All patients received an early pregnancy ultra-
sound examination using the methods described above and the
placental volume, endometrial volume flow parameters VI, FI, and
VFI were measured.

Recurrent miscarriage patients who met the inclusion criteria
were recruited. Their ovulation was monitored using transvaginal
ultrasound for the first 10 days of menstruation until ovulationwas
confirmed. At 5e7 days after ovulation, midluteal-phase (embryo in
the womb, endometrial implantation window) endometrial thick-
ness was measured using 2D Doppler ultrasonography, and 3D-
power Doppler ultrasound was used to measure the endometrial
volume, VI, FI, and VFI. At 14e16 days after ovulation (pregnant 4
weeks), patients who confirmed pregnancy with serum b-Human
chorionic gonadotropin (b-HCG) � 100 mIU/mL and
progesterone � 20 ng/mL had their cycles continuously monitored
before measuring placental volume and VI, FI, and VFI at 6e8weeks
of pregnancy. These patients were included in the study group if
spontaneous abortion occurred before 12 weeks of pregnancy.

The womenwho met the inclusion criteria for the control group
underwent the samemonitoring protocol as the study group. These
women were followed up to 12 weeks and then included in the
control group if spontaneous abortion had not occurred before 12
gestational weeks.

Statistical analysis

Using SPSS version 18.0 software (SPSS, Inc., Armonk, NY, USA)
for statistical analysis, measurement data were expressed as
mean ± standard deviation. The independent samples t-test was
applied to compare data. A p value < 0.05 was considered statisti-
cally significant. Receiver operating characteristic (ROC) curves
were applied to compare the predicted performance of different
indicators.
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