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Abstract: Objective: Our aim was to identify multiple endometrial receptivity related factors by applying non-invasive, 
repeatable multimodal ultrasound methods. We further established a practical prediction model for pregnancy 
prediction. Materials and Methods: Our study included 152 participants from Wenzhou People’s Hospital, Wenzhou 
Maternal and Child Health Care Hospital, and the Third Affiliated Hospital of Wenzhou Medical University. Clinical 
information including age and ultrasonographic data were collected. By applying t-test and Wilcoxon rank sum tests, 
we obtained endometrial receptivity related factors, and by using logistic regression, we established a prediction 
model for possibility of successful pregnancy. Results: Among all the factors associated with endometrial receptivity, 
uterine peristaltic wave frequency, uterine spiral artery resistant index, endometrial flow index, ultrasound elastog-
raphy strain radio (SR), and age showed significant statistical difference between nonpregnant and pregnant vol-
unteers. Consequently, we developed and validated a nomogram prediction model with its value of area under the 
receiver operating curve up to 0.949 for predicting pregnancy by using age and ultrasonographic factors including 
uterine peristalsis, uterine spiral artery, and ultrasound elastographic features. The sensitivity was 0.83 and speci-
ficity was 0.96. In addition, its performance was better than that of a direct scoring system. Conclusion: By employ-
ing the pregnancy prediction model with endometrial receptivity associated ultrasonographic factors, clinicians can 
give a quantitative evaluation and a real time screen of the uterus condition as well as optimal guiding, treatment, 
and management recommendations for infertility-related patients.
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Introduction

Pregnancy is a complex process that comprises 
series of events including ovulation, implanta-
tion, decidualization, placentation, and birth of 
offspring through the process of parturition. 
Any problem that occurs in process of pregnan-
cy may result in infertility that is defined offi-
cially by the Word Health Organization (WHO)  
as a disease of failure to achieve a clinical  
pregnancy after 12 months or more of regular 
unprotected sexual intercourse or as a result of 
an impairment of a person’s capacity to repro-
duce, either as an individual or with his or her 
partner [1, 2]. In spite of the advancement of 
diagnostic technique, infertility is still estimat-
ed to affect 186 million people, and about 8% 
to 12% of reproductive-aged couples suffer 

infertility in recent years worldwide. It is esti-
mated that infertility among women of child-
bearing age accounts for 1/7 couples in the 
Western countries and 1/4 couples in develop-
ing countries. Infertility rates are likely to reach 
30% in some parts of the world, including 
Central Asia, South Asia, some countries in 
sub-Saharan Africa, the Middle East and North 
Africa, and Central and Eastern Europe [1, 3].

WHO statistics reveal that 37% infertile couples 
in developed countries are caused by female 
factors [4]. Female factors including advanced 
women’s age and the uterine condition, espe-
cially the condition of the endometrium, may 
affect endometrial receptivity of the embryo 
through dysfunction of endometrial develop-
ment or maturation, or immune and endocrinal 
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local environment, resulting in the failure of 
embryo implantation [4, 5]. In the case of in 
vitro fertilization (IVF), the endometrial recep-
tivity and the uterine receptivity probably be- 
come the most important factor contributing to 
a successful implantation.

Endometrial receptivity refers to a state in 
which the endometrium allows blastocysts to 
locate, adhere, invade, and change the endo-
metrial stroma, leading to embryo implanta- 
tion [6]. In the treatment of infertility, the re- 
ceptivity of endometrium has attracted much 
attention. Synchronous development of the 
endometrium and oocytes is a prerequisite for 
sperm-egg binding, embryo implantation, and 
the receptivity of endometrium. Moreover, the 
mathematical model of embryo implantation 
after IVF showed that the contribution rate of 
endometrium to reproductive success rate  
was between 31% and 64% [7, 8]. We can 
assume that, although embryo quality is one  
of the most important factors, adequate endo-
metrial receptivity is also a key factor in suc-
cessful pregnancy. Application of endometrial 
receptivity related factors has important guid-
ing significance for the treatment plan so  
as to effectively improve the success rate of 
treatment, whereas one of the main problems 
is the lack of practical clinical tests to assess 
endometrial receptivity in vivo.

There are many clinical methods to evaluate 
endometrial receptivity such as immunohisto-
chemistry and endometrial biopsy. Ultrasound-
based methods had been given increasingly 
more attention in the treatment of infertility 
because of their simplicity, non-invasiveness, 
and repeatability [9].

Nevertheless, at present, the efficiency of ul- 
trasonic detection of endometrial receptivity  
is still inconclusive. In recent years, many 
researchers have used such methods in their 
studies as applying colour Doppler flow imag- 
ing to measure the hemodynamic parameters 
of uterine artery and spiral artery and employ-
ing three-dimensional energy Doppler ultra-
sound to measure sub-endometrial blood flow 
parameters, among other methods. Addition- 
ally, there is still no widely accepted standard-
ized process for the evaluation of endometrial 
receptivity worldwide [9-11]. 

In our present study, we employed a series of 
multimodal ultrasound methods to evaluate 

endometrial receptivity related uterus condi-
tion to achieve complementary advantages  
and better evaluate the optimal period of en- 
dometrial implantation. Through multidimen-
sional comprehensive evaluation, we aimed to 
find an ultrasonic standard of individualized 
endometrial receptivity evaluation to predict 
the pregnancy outcome more quickly and ac- 
curately. 

Materials and methods

Patients and clinical information

Our study included 152 participants from 
Wenzhou People’s Hospital, Wenzhou Mater- 
nal and Child Health Care Hospital, and the 
Third Affiliated Hospital of Wenzhou Medical 
University, including 117 cases of infertility  
and 35 cases of pregnancy with the ages  
ranging from 24 to 40 years and the infertility 
period ranging from 2 to 12 years. 

All subjects met the following criteria: (1) labo-
ratory examination confirmed that their spou- 
se’s semen analysis was in the normal range; 
(2) ultrasound or laparoscopy confirmed that 
there were no organic lesions in the uterus and 
ovary of the patient; (3) bilateral (or at least  
unilateral) fallopian tube patency confirmed by 
hysterosalpingography; (4) no application of 
estrogen or progesterone within 3 months; and 
(5) no history of pelvic surgery within 6 months. 

Ethical approval

This study was approved by the Medical Eth- 
ics Committee of Wenzhou People’s Hospital, 
Wenzhou Maternal and Child Health Care 
Hospital, and the Third Affiliated Hospital of 
Wenzhou Medical University (NCT04014453). 
Additionally, all the clinical information was 
obtained with informed consent. 

Ultrasonographic methods

We applied Voluson™ E10 (GE, Boston, MA, 
USA) to perform color Doppler ultrasound diag-
nosis, by volume transducer with frequency of 
5 to 9 MHz. All cases were examined according 
to the standard transvaginal examination.

Endometrial thickness, endometrial morpholo-
gy, and peristaltic wave were obtained by con-
ventional transvaginal two-dimensional ultra- 
sonography. In addition, we applied two-dimen-
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Table 1. Univariate analysis of all the involved factors
Items Non-pregnant Pregnant Statistics P value
Endometrial thickness (mm) 2.00±0.72 2.00±0.59 Z = 1.68 0.0932#
Endometrial echo pattern (mm) 2.00±0.75 2.00±0.71 Z = 1.92 0.0545#
Uterine peristaltic wave frequency (UPF) 2.00±0.73 2.00±0.68 Z = 2.94 0.0033*,#
Subendometrial blood flow pattern (ml/min) 2.00±0.70 2.00±0.68 Z = 0.28 0.7815
Uterine spiral artery resistant index (RI) 1.00±0.56 3.00±0.70 Z = 6.72 <0.0001*,#
Uterine artery pulsative index (PI) 3.00±0.78 3.00±0.65 Z = 0.49 0.6224
Endometrial volume (ml) 2.00±0.85 2.00±0.78 Z = 1.82 0.0680#
Endometrial flow index (FI) 1.00±0.48 2.00±0.70 Z = 6.56 <0.0001*,#
Ultrasound elastography strain radio (SR) 1.00±0.50 3.00±0.56 Z = 7.67 <0.0001*,#
Age (years) 33.00±5.58 31.00±4.55 Z = -0.68 0.4996*,#
Total score (score) 15.92±2.85 20.29±2.79 t = -7.97 <0.0001*
Except for overall score (using Mean ± SD by t-test), all variables are shown and calculated by Wilcoxon rank sum tests using 
Median ± SD. There is no missing data from the 117 non-pregnant and 35 pregnant participants. *: showing significance of 
factors; #: factors involved in logistic regression model.

sional colour Doppler flow imaging to detect 
sub-endometrial blood flow distribution, from 
which we observed a subendometrial blood 
flow pattern. Two-dimensional power Doppler 
imaging was employed to detect uterine spiral 
artery resistance and uterine artery pulsation. 
Moreover, endometrial volume, endometrial 
flow index, vascularization index, and vascular-
ization flow index were measured by three-
dimensional power Doppler imaging, whereas 
the quantitative evaluation of endometrial 
microvascular perfusion was detected by con-
trast-enhanced ultrasound imaging, and the 
endometrial elasticity was evaluated by Shear 
Wave Elasticity Imaging (SWEI). 

As a result, clinical information such as age  
and ultrasonographic data such as endometrial 
thickness, endometrial echo pattern, uterine 
peristaltic wave frequency (UPF), sub-endome-
trial blood flow pattern, uterine spiral artery 
resistant index (RI), uterine artery pulsative 
index (PI), endometrial volume, endometrial 
flow index (FI), and ultrasound elastography 
strain radio (SR) were collected for analysis.

Pregnancy diagnosis

A urine pregnancy test was performed, of which 
its positive result reflected a biochemical preg-
nancy. Ultrasonic examination was performed 
at 6 to 7 weeks after menopause, and clinical 
pregnancy was confirmed by the existence of 
an intrauterine pregnancy sac with embryo and 
fetal heartbeat. 

Statistical analysis

Except for total score (mean ± standard devia-
tion [SD]), all continuous variables were shown 
and calculated using median ± SD (Table 1). 
For univariate analysis, Wilcoxon rank sum test 
was conducted for abnormally distributed con-
tinuous variables, whereas t-test was perform- 
ed for normally distributed variables. 

To establish a prediction model, we applied 
both the total score method and logistic re- 
gression analysis. ROCs were drawn to calcu-
late the optimal cut-off point and area under 
curve (AUC) for total score as a single predictor 
as well as a logistic regression model. Except 
for total score, variables with P values less than 
0.1 in univariate analysis were included into 
logistic regression with the stepwise selection 
method. Sensitivity, specificity, positive predic-
tive value (PPV), and negative predictive value 
(NPV) were used to describe the predictive 
properties. 

A fivefold cross validation method was con- 
ducted when evaluating the predictive effect  
of the model via the caret package (https://
cran.r-project.org/web/packages/caret/index.
html) [12]. A nomogram was formulated based 
on the results of multivariate analysis using the 
rms package. The performance of the nomo-
gram was measured by the calibration curve 
with 1000 Bootstrap resample. Significant 
level was set as 0.05 in all of the statistical 
analyses that were performed by using SAS 9.4 
and R software.
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Table 2. Prediction properties of internal validation

Method
Internal Validation

AUC Cutoff Sensitivity Specificity PPV NPV
Logistic Regression* 0.949 0.43 0.83 0.96 0.85 0.94
Total score 0.867 19 0.80 0.82 0.57 0.93
*Based on the combination of uterine peristalsis (Uterine peristaltic wave 
frequency, UPF), uterine spiral artery (Uterine spiral artery resistant index, RI), 
ultrasound elastography (Ultrasound elastography strain radio, SR) and age.

Results

Screening and testing potential endometrial 
receptivity associated factors that are closely 
related to successful pregnancy

Of the 152 participants who were included in 
this study, 117 (76.97%) were not pregnant and 
35 (23.03%) were pregnant. The description 
and univariate analysis are listed in Table 1. 
Among all the factors, UPF, uterine spiral artery 
RI, endometrial FI, ultrasound elastography SR, 
age, and total score showed significant statisti-
cal difference between nonpregnant and preg-
nant volunteers.

Establishment of logistic regression-based pre-
diction model

The total score showed good independent pre-
diction property with a high AUC (0.867), and 
the cut-off value was 19 (Table 2). For the logis-
tic regression model, seven variables including 
endometrial thickness, endometrial echo pat-
tern, UPF, uterine spiral artery RI, endometrial 
FI, ultrasound elastography SR, and age were 
involved. As a result, four variables (UPF, uter-
ine spiral artery RI, ultrasound elastography 
SR, and age) were selected as key factors in  
the logistic regression model (Table 3), which 
lead to a high predictive efficiency of the logis-
tic model with AUC up to 0.949. The sensitivity, 
specificity, PPV, and NPV were 0.83, 0.96, 0.85, 
0.94, respectively (see Table 2). The algorithm 
established by the logistic regression model is:

logit (P) = -18.8623 + 0.9532X (Uterine peri-
stalsis) + 1.5737X (Uterine spiral artery) + 
3.9092X (Ultrasound elastography) + 0.154X 
(Age)

Validation of the prediction model

The result of the validation process by conduct-
ing a fivefold cross validation method is shown 
in Table 4, in which the AUC for training data 

curve showed good agreement between pre- 
diction and observation in the probability of 
metastasis (Figure 3). 

Discussion

The endometrium of the uterus plays a crucial 
role in implantation in a successful fertility  
and pregnancy, which is like soil to the seeds 
(embryo). Thus, any disease, even functional 
abnormalities influenced by immune and en- 
docrine factors, that affects the acceptance  
of an embryo or endometrial receptivity will 
result in pregnancy impairment. Ultrasound-
based imaging techniques can reflect multiple 
physiological and pathological conditions of  
the uterus. Potential endometrial receptivity 
factors included endometrial thickness, endo-
metrial echo pattern, UPF, subendometrial 
blood flow pattern, uterine spiral artery RI,  
uterine artery PI, endometrial volume, endo- 
metrial FI, and ultrasound elastography SR. 
Among them, UPF, RI, FI, and SR showed a sig-
nificantly statistical difference between non-
pregnant and pregnant participants. From 
these factors, uterine peristalsis (reflected by 
UPF), uterine spiral artery (reflected by RI), and 
ultrasound elastography (reflected by SR) were 
eventually included as parameters (combined 
with age) of the nomogram prediction model.  
To our knowledge, this is the first nomogram 
model for pregnancy success possibility.

Aging is undoubtedly a strong risk factor for 
infertility not only because of the continuous 
loss of oocytes stored in the ovaries and the 
decline of oocyte quality or ovulation function 
[1], but also because of the senescence and 
degeneration of cells and tissues of endome-
trium that greatly affect endometrial receptivi-
ty. Therefore, age can be used as one of the 
indicators to predict endometrial receptivity 
and pregnancy probability. 

was pretty high at 0.9500  
(95% CI, 0.9486 to 0.9515). 
The ROC (Figure 1) shows the 
prediction property of both the 
total score and the logistic re- 
gression model. The prognos- 
tic nomogram that integrated 
all significant independent fac-
tors for pregnancy is shown in 
Figure 2, and the calibration 
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Table 3. The results of 5-fold cross validation of the predictive model

Dataset AUC
95% CI

Cutoff
95% CI

SEN
95% CI

SPE
95% CI

PPV
95% CI

NPV
95% CI

Low Up Low Up Low Up Low Up Low Up Low Up
Training data 0.9500 0.9486 0.9515 0.3517 0.3340 0.3694 0.8573 0.8489 0.8657 0.9233 0.9149 0.9318 0.9745 0.9719 0.9770 0.6673 0.6547 0.6799

Validation data \ \ \ \ \ \ 0.8920 0.8720 0.9120 0.7948 0.7498 0.8399 0.9351 0.9206 0.9496 0.7180 0.6705 0.7654

All data 0.9497 0.4278 0.8286 0.9573 0.9839 0.6392
SEN: sensitivity; SPE: specificity.
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Table 4. The results of logistic regression model
Parameter β Wald χ2 OR 95% CI P value
Intercept -18.8623 18.758 \ \ \ <0.0001
Uterine peristalsis 0.9532 4.3373 2.594 1.058 6.361 0.0373
Uterine spiral artery 1.5737 8.6038 4.825 1.686 13.808 0.0034
Ultrasound elastography 3.9092 13.5489 49.857 6.219 399.69 0.0002
Age 0.154 4.5351 1.167 1.012 1.344 0.0332

Figure 1. The receiver operating characteristic curve.

This study also showed that UPF is closely re- 
lated to the success of endometrial receptivity 
and pregnancy (P = 0.0033). Transvaginal ul- 
trasound can be used to monitor endometrial 
wavy movement in female patients. Endome- 
trial peristaltic wave is an important indicator 
of uterine physiology [12-14]. The frequency 
and form of endometrial peristaltic wave 
changed periodically during the menstrual 
cycle. Ijland et al. [14] divided the endometrial 
movement of women within a natural menstru-
al cycle into five types: fundus-to-cervix (FC) 
waves, cervix-to-fundus (CF) waves, opposing 
(OPP) waves, random waves, and no activity. It 
is considered that the frequency of endome- 
trial movement in the follicular stage incre- 
ased, with the form of movement becoming 
increasingly more diverse and reaching the 
highest level of diversity in the late follicular 
stage. In the follicular phase the direction of  
the endometrial peristaltic wave was mainly  
FC movement, whereas in the early luteal 
phase, there was a small amount of CF move-
ment and more OPP movement, but the FC 
movement disappeared completely. The fre-
quency of endometrium movement in the mid-
dle luteal phase was significantly decreased to 

facilitate the implantation of fertilized eggs 
[12]. Retrograde uterine contraction or a rela-
tively static uterine environment may promote 
embryo retention and implantation. Therefore, 
the direction and frequency of the peristalsis  
of the endometrium are important factors 
affecting embryo implantation of endometrium 
in patients.

A large number of studies suggest that ultra-
sonic monitoring of blood flow of the uterus 
may be related to endometrial receptivity [15-
18]. A normal uterine artery and subendome-
trial blood perfusion are of great necessity for 
embryo implantation. In this study, uterine spi-
ral artery RI, endometrial FI, and subendome-
trial blood flow pattern were studied as uterine 
artery blood flow parameters in which RI and FI 
were statistically different between patients in 
the pregnant group and those in the nonpreg-
nant group (both P<0.001), suggesting that  
the decrease of uterine perfusion may be one 
of the causes of pregnancy failure. The branch 
artery of the endometrial spiral artery is the 
main nutrient source of the endometrium and 
is an ideal index to evaluate endometrial re- 
ceptivity. The blood flow state of the uterine 
artery in adult women is high resistance and 
low flow type, and the blood flow resistance of 
the uterine artery shows typical periodic change 
during the whole menstrual cycle [19]. When 
the resistance of uterine artery blood flow in- 
creases, the endometrial blood supply is poor 
and the development of endometrium is abnor-
mal, which makes the endometrial receptivity 
decrease. The results of this study showed that 
the RI value of the uterine spiral artery in preg-
nant patients was significantly lower than that 
in nonpregnant patients. Therefore, RI can also 
be included as one of the factors to predict 
endometrial receptivity and pregnancy pro- 
bability.

However, some other studies stated that it  
was not correlated with pregnancy outcome 
and could not predict endometrial receptivity 
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Figure 2. Nomogram of uterine peristalsis, uterine spiral artery, ultrasound 
elastography and age.

Figure 3. The calibration curve for the predictive model and nomogram.

[20], which probably owes to the fact that that 
there is no uniform standard of the location  
and range of sub-endometrium [21, 22]. The 
difference in size and location of the sub- 
endometrium may cause different blood flow 
parameters. Defining the extent of the sub-
endometrium region requires further study.

Ultrasonic elastic imaging is a new technology 
developed in recent decades. It is a simple, 
non-invasive method for evaluating the texture 
softness and hardness of tissue in a region of 

interest and performs well in 
the differential diagnosis of 
uterine diseases. In our study 
the endometrial elasticity was 
evaluated by SWEI, which is a 
new elastic imaging techni- 
que developed in recent years 
and has been widely used in 
the clinical diagnosis and 
research of thyroid, breast, 
liver, prostate, and other dis-
eases [23, 24]. When a force 
is applied to the tissue, the 
distribution of displacement, 
strain, and velocity produced 
by different tissues is differ-
ent. The hardness informa- 
tion of the microstructure  
can be analysed qualitatively 
and quantitatively by encod- 
ing the different information 
produced by it and measuring 
the corresponding parame-
ters. Elasticity is an impor- 
tant characteristic of biologi-
cal tissue, which is related to 
the type and composition of 
tissue molecules and cells. 
When pathological or physio-
logical changes occurred in 
microstructure such as the 
composition of tissue cells, 
macroscopically, the hard- 
ness of the tissue also chan- 
ge accordingly [23, 25]. All of 
these changes will influence 
endometrial receptivity and 
pregnancy dramatically. Our 
results also exhibited that 
ultrasound elastography SR 
had a close link with success-
ful pregnancy (P<0.0001).

Traditionally, endometrial thickness was used 
as an indicator of uterine receptivity or endo-
metrial receptivity, but there are still a lot of 
controversies about the practical application 
value of measuring endometrial thickness to 
evaluate endometrial receptivity [26-28]. The 
thickness of a certain area of the endome- 
trium on the sagittal section of the uterus can-
not reflect the overall situation of the uterine 
cavity, especially for those with uneven distri-
bution of endometrial thickness. By contrast, 
three-dimensional transvaginal ultrasound can 
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effectively and accurately measure endometri-
al volume, which has gradually become a new 
estimation index of endometrial receptivity. 
Nevertheless, in this study, both endometrial 
thickness and endometrial volume (P = 0.0932 
and 0.0680, respectively) showed no statisti- 
cal difference between nonpregnant and preg-
nant participants, which is presumably caused 
by the limited size of sample and could exhibit 
statistical difference in the larger multicentric 
follow-up clinical studies. 

The evaluation of endometrial echo pattern  
has limitation that is similar to endometrial 
thickness and volume, mainly because they  
are measured at a point in a fixed period. The 
growth of endometrium is a dynamic process 
influenced by all kinds of endogenous and  
exogenous factors, especially the change of 
hormone level in vivo and the application of 
hormones or other drugs. The thickness, vol-
ume, and echo pattern of endometrium chan- 
ge greatly during the menstrual cycle; thus it is 
incomplete to reflect endometrial receptivity 
only by the endometrial state at a certain point 
and at a certain period of time. Therefore, the 
dynamic monitoring of these three factors and 
the adoption of average or comprehensive lev-
els as the prediction indicators may exhibit bet-
ter results.

Medical imaging and ultrasonography of the 
uterus can detect and reflect almost all as- 
pects of functional conditions from the thick-
ness or volume of the endometrium, uterine 
elasticity, and peristalsis to the blood supply  
of the uterus and endometrium. These factors 
reflect the capacity, environmental condition 
and status, and nutrition supply of the soil to  
an embryo (seed), which we defined as endo-
metrial receptivity. By applying age combined 
with these ultrasonographic factors that can 
reflect the functional disorders or abnormali-
ties in the uterus, our model showed excellent 
performance in the predictive effect of preg-
nancy and fertilization.

Today, IVF is employed widely in clinical medi-
cine, however, it is still expensive. In some 
cases, the condition of the uterus cannot give 
rise to pregnancy even with IVF. Applying this 
endometrial receptivity related prediction mo- 
del to evaluate the successful probability of  
fertilization is of importance and benefit, be- 
cause it can reduce unnecessary costs, anxi-
ety, depression, and family conflicts.

Additionally, different uterus statuses and con-
ditions require different nursing treatment for 
the patients. The model provides a good quan-
titative reference and standard for clinical  
management. Further, clinicians can employ 
this model as a real time screening method for 
patients. By adjusting their pregnancy condi-
tion and function, improving the receptivity of 
the endometrium, and seizing the right mo- 
ment for fertilization, the pregnancy probability 
can be increased. Our findings are in agree-
ment with the study by Liang et al. [29] who 
pointed out that the correct evaluation of en- 
dometrial receptivity and selection of the tim-
ing of transplantation are the key to improving 
the embryo implantation rate. Endometrial 
thickness and volume have a strong negative 
predictive value for pregnancy outcome. Dop- 
pler examination of uterine artery cannot re- 
flect the actual blood flow under the endome-
trium. The measurement of endometrial and 
subendometrial blood flow is performed by 
three-dimensional Doppler ultrasound. It is 
more objective and is the most commonly  
used non-invasive method for evaluating en- 
dometrial receptivity. However, a single ultra-
sound parameter has limited predictive value 
for endometrial receptivity. 

In conclusion, this study yielded an endo- 
metrial receptivity associated scoring method 
and predictive model for fertilization and preg-
nancy by using age and ultrasonographic fac-
tors including uterine peristalsis, uterine spiral 
artery, and ultrasound elastographic features. 
By using the model and the total score of mul-
tiple variables, clinicians can give a quantita-
tive estimation and prediction for the prob- 
ability of pregnancy, a real time screen of the 
uterus condition, endometrial receptivity, and 
the status of patients. Given that the estab- 
lishment and validation of the model were per-
formed in a single medical centre with hun-
dreds of participants. A larger multicentric fol-
low-up clinical study is of necessity to validate 
the performance of this scoring and model-
based pregnancy evaluation method in clinical 
practice.
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