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Application of Doppler ultrasound and pregnancy-associated 
plasma protein A in fetal growth restriction prediction 

INTRODUCTION 

Fetal limitations on growth (FGR) is characterized 
by the fetus falling short of attaining its anticipated 
growth rate, also known as fetal malnutrition                
syndrome or placental dysfunction syndrome. FGR is 
mainly manifested by a full-term fetus with a birth 
mass below 2500g, or below the 10th percentile of 
normal body mass after the same gestational age, or 
below two standard deviations of the average body 
mass during the same gestational age (1, 2). The                
incidence of FGR in China is about 6.39%, and it is 
one of the major complications in the perinatal               
period. It not only affects the growth and                  
development of the fetus, but also may lead to the 
increase of morbidity and mortality of the perinatal 
fetus. It is an important cause of intrauterine death or 
neonatal death (3). Therefore, it is a hot topic in the 
field of obstetrics to investigate how to predict the 
occurrence of FGR in the first trimester and                 
effectively control the progression and complications 
of the disease (4).  

At present, it is widely believed that the               
occurrence of FGR is primarily related to poor          
placental function (5). With the advancement of 
healthcare imaging science education, the detection 

of uterine artery blood flow by color Doppler flow 
imaging (CDFI) can effectively reflect the                   
hemodynamic changes of the uterus and placenta, 
which can be applied to evaluate the status of            
utero-placenta circulation. The evaluation is of great 
value in its clinical application (6-8). Ultrasound              
detection of multivessel blood flow parameters can 
effectively monitor the intrauterine status of fetuses 
with FGR, which is helpful for intrauterine status 
monitoring and therapeutic interventions for fetuses 
with FGR (9).Uterine arterial blood flow pulsatility 
index (UtA-PI) of pregnant women with FGR is higher 
than that of normal pregnant women, and monitoring 
of the UtA-PI is helpful for the early detection and 
prevention of FGR, the improve perinatal survival 
and health (10). Absence or reversal of end-diastolic 
flow in the umbilical artery may lead to a poor           
outcome in fetal growth restriction (FGR); in                
pregnant women with FGR who have normal           
umbilical artery flow, regular prenatal ultrasound 
should be performed to monitor fetal growth,             
amniotic fluid, and umbilical arteries (11). By studying 
uterine artery spectra at 19-22 weeks of gestation, it 
has been found that an increase in uterine artery  
resistance parameters or the presence of diastolic cut
-offs in the spectra is a significant risk factor for      
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adverse outcomes in fetal growth restriction (FGR) 
(12). At the same time, pregnant-associated plasma 
protein A(PAPP-A), as a serum marker, can be               
identified in the blood of pregnant women during 
early pregnancy, and the serum concentration               
increases with week of gestation, and is mainly used 
in clinical evaluation of placental function(13,14). The 
early prediction of the development of FGR and the 
effective control of the disease process and              
complications have garnered significant attention 
within the realm of obstetrics research.  

The aim of this investigation is to assess the            
clinical utility of utilizing both Doppler ultrasound of 
uterine arteries and Pregnancy-related plasma             
proteins A concentration in the first trimester of 
pregnancy (specifically from the 11th to 13th+6 
weeks) for the prediction of inhibited fetal                   
development. This study skillfully combines two             
techniques, Doppler ultrasound and PAPP-A, to              
provide a new perspective on the prediction of fetal 
growth restriction. Previously, most studies have  
focused on the application of only a single aspect of 
ultrasound or blood biomarkers, whereas the present 
study combines the two seamlessly, promising a 
more accurate prediction of the risk of fetal growth              
restriction. In addition to methodological                       
innovations, the study is also a theoretical                    
breakthrough. It may challenge or complement             
existing theories of fetal growth restriction                 
prediction. Through the combined application of  
Doppler ultrasound and PAPP-A, researchers may 
reveal new biological mechanisms or pathways,                 
leading to a deeper understanding of the etiology and 
pathophysiological processes of fetal growth                   
restriction. 

 
 

MATERIALS AND METHODS 
 

Materials of study 
The FGR group in this study were 120 pregnant 

women diagnosed with FGR in Shijiazhuang                
Obstetrics and Gynecology Hospital from January 
2021 to December 2023. Besides, the control group of 
this study was composed of 120 normal pregnant 
women who came to this hospital for pregnancy          
examination during the same period. The key criteria 
to choose FGR group and control group are                   
summarized as follows.  

Meeting the relevant criteria in Expert Consensus 
on Fetal Growth Restriction (The edition of 2019) (15).  
Risk of fetal malformation;  
(3) The pregnancy is 11 to 13+6 weeks;  
(4) Single pregnancy;  
(5) Complete clinical data (exclusion criteria). 

The pregnant women with the following features 
should not be included in the research samples in this 
study. 
(1) Pregnant women with the diseases that can cause 
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FGR, such as gestational hypertension, chronic hyper-
tension, etc.  
(2) Fetal death during pregnancy;  
(3) The pregnant woman with mental dysfunction.  
Approval has been granted for the study by the Medi-
cal Ethics Committee of the Fourth Hospital of Shijia-
zhuang (01.03.2021, Ethics No: 20210030), and all 
the patients have signed an informed consent form. 

 

Methods 
All pregnant women chosen as research samples 

in this study received maternal serum PAPP-A and 
uterine artery ultrasound Doppler examination             
during the gestation period from 11 to 13th+6 weeks. 
1. Ultrasound examination 
(1) Instrument: In this study, the key equipment is 
the GE VolusonE8 color Doppler ultrasonic diagnostic 
instrument (the brand name is Zhongyi Kanghui 
(Beijing) and the International Trading Code is Co. 
X150). The frequency of the abdominal probe is 1 ~ 
5MHz. 
(2) Detection via Uterine artery color Doppler blood 
flow: before the examination, the quiet test has to be 
done and to last for at least 5 minutes. Trans                   
abdominal test was adopted. The subject was supine 
with a small amount of bladder filling. The cervix was 
first located and the image was locally enlarged. The 
probe was moved to one side of the uterine body and 
the cervical junction level to show Ascending               
branches of the uterine artery. The typical uterine 
artery blood flow waveform for 3 consecutive cardiac 
cycles was obtained. The measurements of uterine 
artery pulsatility index (UtA-PI) and uterine artery 
resistance index (UtA-RI) were recorded. Then, the 
probe was moved back to the cervix, the ascending 
branch of the contralateral uterine artery was found 
and measured. During the measurement, it was             
observed that the width of the pulse Doppler            
sampling gate was set to 2mm, and the Angle              
between the ultrasonic beam and the blood flow was 
less than 30°. More details are shown in figure 1. 

Detection of PAPP-A  
Quantitative enzyme-linked immunosorbent assay 

(16) was used, and the main experimental instruments 
were: Addcare ELISA 1100 fully automated enzyme 
immunoassay system, Beckman Coulter AU5821 fully 
automated biochemical analyzer. The main kits used 
were: PAPP-A test kit (CUSABIO, lot number: 
C0102110178), which was operated strictly             
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Figure 1. Schematic diagram of colour Doppler blood flow 
testing. A shows a normal fetus and B shows a FGR fetus. 
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according to the instruction of the kit.  
 

Evaluation criteria 
1. Calculation of ultrasonic parameters: the following 
information was recorded in this study, including the 
pregnancy-related information about medical               
history, uterine artery-related Doppler ultrasound                   
measurement parameters (bilateral UtA-RI and            
UtA-PI, with or without early diastolic incisure) and 
PAPP-A concentration of each pregnant woman. The 
resistance index (RI) and the pulsatility index (PI) 
[RI=(S-D)/S; PI=2(S-D)/(S+D)] were calculated             
according to the peak systolic (S) and end-diastolic 
(D) values of arterial blood flow. Among the statistics 
above, the average value of UtA-RI and UtA-PI was 
taken from both sides, and the identification of an 
initial diastolic indentation on either side of the                   
uterine artery was regarded as affirmative. 
2. Follow-up: the pregnancy process and outcome of 
the enrolled pregnant women were followed up, and 
the gestational termination week and maternal and 
infant outcomes were recorded. The diagnostic               
criteria for fetal growth restriction was that the birth 
weight of a full-term fetus should be below 2500g, 
the 10th percentile of normal body mass at an               
equivalent stage of gestation, or the two standard 
deviations of the average body mass of the fetus at 
the same gestational age. 

 

Statistical processing 
SPSS 23.0 software package was applied for data 

analysis. The measurement data was expressed as 
mean±standard deviation, and the counting data 
were compared by χ2test. The mean values of 3 or 
more samples was analyzed by means of ANOVA. 
P<0.05 was considered to be statistically significant. 

 
 

RESULTS 
 

General Information 
Among the 120 patients in this explore, the              

pregnant women in the FGR group were 25-34 years 
old, with a mean age of (25.75±2.05) years. The body 
mass index (BMI) was 19.5-27.3kg/m2, with an            
average age of (25.01±4.98) kg/m2. The women               
comparison group who were pregnant ranged from 
24 to 34 years old, with a mean age of (26.02±2.15) 
years, and the BMI was 19.4-28.6kg/m2, with an         
average age of (25.68±5.02) kg/m2. In comparison, 
the mean age did not exhibit a statistically significant 
difference (P>0.05), mean BMI, and number of            
deliveries of the two groups showed. However, the 
pregnant women in FGR group ended pregnancy                
earlier than those in normal group (P<0.01). The fetal 
birth weight within the FGR group demonstrated  
significantly lower compared to control (P<0.01), 
table 1. 

Comparison of Doppler-measured parameters and 
PAPP-A concentrations 

The mean values of UtA-PI and UtA-RI in FGR 
group were respectively 1.89±0.52, 0.79±0.12, and 
the percentage of early uterine artery diastolic           
incisor in FGR group was 61.67%, which were               
significantly higher than 1.70±0.45, 0.71±0.16 and 
41.67% in control group (P<0.05). The concentration 
of PAPP-A (MoM) in FGR group was 0.82±0.11. This 
value was less than 1.25±0.67 in the control group. 
The disparity among the pair of factions reached           
statistical significance (P<0.01). More details were 
shown in table 2. 

Comparison of AUC for each parameter to predict 
FGR 

In our results, the AUC of UtA-PI and UtA-RI           
values were 0.748 and 0.714, respectively, and the 
predictive effect of UtA-PI values was significantly 
better than that of UtA-RI values (P<0.05). The            
sensitivity of FGR obtained by PAPP-A and combined 
with UtA-PI was 80.5%, and the sensitivity of FGR 
obtained by PAPP-A and combined with UtA-PI            
combined with early blood diastole notch was 82.6%. 
However, no substantial difference was observed 
among the pair of factions (P > 0.05). More details are 
shown in table 3. 

 

Comparison between the pregnancy outcomes of 
the two groups 

There were 16 preterm deliveries and 36           
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Table 1. Comparison of general data between the two groups 
(     ±s). 

Indicators 
FGR Group 

(n=60) 
Control 

Group (n=60) 
t 

P-
value 

Age /yrs 25.75±2.05 26.02±2.15 0.704 0.483 
BMI/(kg·m2) 25.01±4.98 25.68±5.02 0.734 0.464 
Duration of              

termination of             
pregnancy /week 

36.35±2.65 37.95±3.45 2.849 0.005 

Number of births/
times 

2.10±1.00 2.00±1.00 0.548 0.585 

Fetal birth weight/kg 2.41±0.35 3.65±0.81 10.885 0.000 

x

Notes: BMI: Body Mass Index; Statistical features were determined 
through a Student t-test, involving a comparison between the control 
group and FGR group. 

Table 2. Comparison between uterine artery doppler            
measurement parameters and PAPP-A concentration in the 

two groups. 

Indicators 
FGR group 

(n=60) 
Control group 

(n=60) 
t / χ2 

P-
value 

UtA-PI 1.89±0.52 1.70±0.45 2.140 0.034 
UtA-RI 0.79±0.12 0.71±0.16 3.098 0.002 

Early diastolic 
notch /(n,%) 

37 (61.67%) 25 (41.67%) 4.038 0.044 

PAPP-A(MoM) 0.82±0.11 1.25±0.67 4.906 0.000 
Notes: FGR: fetal growth restriction; UtA-PI: uterine artery pulsatility 
index; UtA-RI: uterine artery resistance index; PAPP-A:                       
pregnancy-associated plasma protein A; "Statistical characteristics" 
were calculated using the Student's t-test and χ2 to facilitate                 
comparisons between the control and FGR groups. 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.2
.2

97
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

                               3 / 6

http://dx.doi.org/10.61186/ijrr.22.2.297
https://mail.ijrr.com/article-1-5412-en.html


cesarean deliveries in the FGR group, which were 
significantly higher than those in the control group, 
and the difference was statistically significant 
(P<0.05). In addition, there were 39 cases of normal 
delivery in the control group, which was significantly 

higher than that in the FGR group, and the difference 
was statistically significant (P<0.05). In the end, 59 
fetuses survived in the control group and 52 fetuses 
survived in the FGR group, with a statistically                 
significant difference (P<0.05), table 4. 
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Table 3. Comparison of AUC for each parameter predicted FGR. 

Indicators 
AUC 
(%) 

Sensitivity 
(%) 

Specificity 
(%) 

P value 

UtA-PI PAPP-A 
Early           

diastolic notch 
UtA-PI+ early 

diastolic notch 
PAPP-

A+UtA-PI 
PAPP-A+UtA-PI+ 

early diastolic notch 
UtA-RI 71.4 70.1 68.2 0.0270 0.0140 0.0080 0.0070 0.0030 0.0020 
UtA-PI 74.8 76.9 71.5   0.0160 0.0060 0.0580 0.0230 0.0010 
PAPP-A 63.4 47.3 74.7     0.0370 0.0190 0.0010 0.0004 

Early diastolic notch 57.1 31.1 80.6       0.0013 0.0011 0.0001 
UtA-PI+ early diastolic 

notch 
77.2 77.6 71.4         0.3050 0.0290 

PAPP-A+UtA-PI 78.5 81.6 70.6           0.4750 
PAPP-A+UtA-PI+ early 

diastolic notch 
79.2 82.9 64.2             

Notes: BMI: Body Mass Index; Statistical features were determined through a Student t-test, involving a comparison between the control group and 
FGR group. 

Groups Premature Birth Natural birth Cesarean section Midwifery Fetal survival 
FGR group (n=60) 16 (26.67) 24 (40.00) 36 (60.00) 0 (0.00) 52 (86.67) 

Control group (n=60) 2 (3.33) 39 (65.00) 19 (31.67) 2 (3.33) 59 (98.33) 
χ2 11.046 6.550 8.593 0.508 4.324 

P-value 0.001 0.010 0.003 0.476 0.038 

Table 4. Comparison of pregnancy outcomes between two groups [number of cases (%)]. 

Notes: FGR means fetal growth restriction;"Statistical characteristics" were calculated using the χ2 to facilitate comparisons between 
the control and FGR groups. 

DISCUSSION 
 

FGR is a significant obstetric complication and a 
major cause of perinatal fetal death. Although clinical 
researchers consider placental insufficiency as the 
primary contributing factor, it is difficult to make 
precise pathogenesis of FGR. Additionally, FGR can be 
triggered by perinatal asphyxia, hypothermia,               
hypoglycemia, and other conditions that can impact 
long-term nervous system development. Recent  
studies have indicated that early pregnancy intake of 
low-dose aspirin effectively prevents and reduces the 
incidence of FGR (17). However, it has been a hot topic 
in obstetric studies to identify early predictors of FGR 
to effectively manage fetal growth associated               
complications continues. 

Owing to its safety and reliability, the detection of 
uterine artery by ultrasonic Doppler is of great value 
in clinic. In the past two decades, a large number of 
literature have been published on the prediction of 
FGR by uterine artery ultrasound in early and middle 
pregnancy, but the sensitivity and specificity in these 
studies is not the same. Despite of the large number 
of the researches in this area, high-risk groups are 
still not well prevented. Therefore, it is a crucial topic 
of obstetric studies to investigate the prediction of 
FGR at early stage so as to prevent FGR. With the 
popularization of one-stop screening services for 
Down syndrome in early pregnancy, it has become a 
convenient means of examination to detect uterine 
arteries by Doppler ultrasound during the period 
from 11th to 13th+6 week of gestation. Ultrasound 

Doppler provides objective information about the 
uterine artery blood flow of pregnant women.               
Besides, its shows quantitative information about the 
changes of placental blood flow dynamics. The data 
above enable doctors to objectively evaluate the 
blood circulation of pregnant women’s uterus and 
placenta. Therefore, it is reliable and non-invasive to 
use ultrasound Doppler for clinical examination.  
Findings from this investigation revealed that the 
uterine artery Doppler blood resistance during the 
period from 11th to 13th+6 weeks of gestation in the 
FGR the observed levels in the experimental group 
surpassed those in the standard control group, while 
the uterine artery blood resistance in the normal 
pregnant group decreased with the increase of             
gestation week (18). The result proves that the changes 
of uterine and placental hemodynamics in early       
gestation could be identified by ultrasonic Doppler 
blood flow monitoring of the artery supplying the 
uterus. 

In our work, UtA-PI values were significantly            
better predictors than UtA-RI values due to the fact 
that PI values not only reflect total vascular resistance 
beyond the point of measurement, but also provide 
information on placental size and total placental             
vascular cross-section (19). The sensitivity of screening 
for FGR using uterine artery early diastolic notch 
alone was only 31.1%, which may be attributed to the 
fact that the appearance of uterine artery early          
diastolic notch is related to vascular compliance, 
whereas UtA-PI is related to terminal vascular          
resistance, and abnormal uterine arterial flow in early 
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pregnancy is mainly related to an increase in               
terminal vascular resistance (20). In this study, we 
showed that the combined UtA-PI values and early 
diastolic cutoff of uterine arterial flow were more 
sensitive in predicting FGR than the prediction using 
UtA-PI values alone, but the difference in validity  
between the 2 groups was not statistically significant. 
It has been suggested that this is related to the            
inconsistency in the criteria for judging the presence 
of early diastolic cuttings in uterine artery flow            
detected by Doppler, and how to quantify this has 
been reported differently by various authors (21-23). 

In addition, at present, uterine height and fetal 
body mass are used as indicators to predict the              
occurrence of FGR, but they are affected by many 
factors. Besides, there are errors in measurement, 
which affect the prediction effect. With the                   
improvement of serum test technology, PAPP-A has 
been used in the screening program of Down                
syndrome. It is helpful for the diagnosis of fetal              
malformation, and is related to fetal growth. PAPP-A 
is a zinc-bound metalloproteinase, which is mainly 
secreted by placental syncytiotrophoblast in                
pregnant women and produced by corpus luteum in 
non-pregnant period. It can be detected from            
maternal serum in early pregnancy. The decrease of 
PAPP-A is associated with the increase of growth  
factor resembling insulin binding protein-4 and           
decreased levels of hormone similar to insulin in its 
growth-promoting effects Such changes affect fetal 
growth and development by controlling the              
absorption of glucose amino acids and the secretory 
and paracrine effects of trophoblastic infiltration. The 
results of this study suggest that low PAPP-A value is 
associated with adverse perinatal outcomes during 
the development of the placenta during pregnancy. 
The decrease of serum PAPP-A levels can be used as 
an indicator to predict the risk of FGR. 

In one study, after excluding the differences in age 
and body mass index between the two groups of 
pregnant women, the birth weight of the newborn 
was positively correlated with maternal serum             
PAPP-A, and pregnant women in the FGR group had 
low PAPP-A concentrations. Since the decrease of 
PAPP-A level is related to the increase of hormone 
that mimics the effects of insulin binding protein 4 
and the decrease of hormone that mimics the effects 
of insulin. The hormone that mimics the effects of 
insulin affects fetal growth and development by 
means of controlling the absorption of glucose amino 
acids and the secretory. The paracrine effects in the 
process of trophoblastic infiltration. PAPP-A is              
related to the onset of gestational diabetes mellitus, 
preeclampsia and FGR. Hence, it is easy to detect  
during pregnancy. If this indicator is abnormal,             
clinical intervention should be performed before the 
onset to improve pregnancy outcomes (24). Therefore, 
in the prenatal screening stage of pregnant women, 
the influence of chromosome and fetal structure 

should be excluded. Besides, the changes of serum 
markers during pregnancy should be paid with more 
attention. In case of abnormal PAPP-A levels of              
pregnant women, it is necessary to make                      
examinations of placental function in time to prevent 
from adverse pregnancy outcomes.However, some 
studies have also reported that reduced PAPP-A             
concentrations (below the 5th percentile) were found 
in only 8% to 33% of pregnant women who                
developed FGR. The data indicates that the serum 
PAPP-A concentration of pregnant women in early 
gestation cannot effectively predict FGR (25).  

In this study, about 47.3% of FGR could be             
detected by serum PAPP-A concentration alone, 
while the detection rate became 82.9% after               
combining UtA-PI and early diastolic incisor. It is 
worth noting that the AUC and sensitivity of the            
combined prediction of serum PAPP-A, UtA-PI and 
early diastolic notch in pregnant women were higher 
(0.792, 82.9%) than the combined prediction of the 
first two indexes (0.785, 81.6%), however, there was 
no statistically noteworthy distinction between the 
outcomes of the two prediction methods. Although 
the combination of multiple indicators in early             
pregnancy can effectively improve the sensitivity of 
screening FGR, its clinical application is not as              
effective as that of quantitative indicators (UtA-PI, 
UtA-RI and maternal serum PAPP-A). An important 
reason is that the early diastolic notch of uterine          
artery Doppler blood flow is a qualitative indicator 
and there is no unified quantitative standard.               
Therefore, it is still necessary to investigate how to 
quantify the early diastolic notch of uterine artery 
Doppler blood flow uniformly. 

 
 

CONCLUSION 
 

The combination of maternal serum pregnancy-
associated protein A, uterine artery Doppler               
ultrasonography, and flow-diastolic early tracing at 
11th to 13th+6 weeks of gestation is the best method 
for predicting FGR. However, the qualitative               
indicator, uterine artery diastolic early tracing, was 
less clinically effective than the quantitative                
indicator. 

  
ACKNOWLEDGMENTS 

The Natural Science Foundation of Hebei Province 
(NO.H2021106030) 

  
Conflict of interest: The authors declare no relevant 
financial or non-financial interests. Furthermore, 
there are no competing interests to disclose that are 
pertinent to the content of this article. 
Funding: The Natural Science Foundation of Hebei 
Province (NO.H2021106030) 
Ethical considerations: Approval has been granted 
for the study by the Medical Ethics Committee of the 

Li et al. / Doppler ultrasound and PAPP-A: combined prediction of FGR 301 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.2
.2

97
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

                               5 / 6

http://dx.doi.org/10.61186/ijrr.22.2.297
https://mail.ijrr.com/article-1-5412-en.html


Fourth Hospital of Shijiazhuang (01.03.2021, Ethics 
No: 20210030), and all the patients have signed an 
informed consent form. 
Author Contributions: The study conception and 
design involved contributions from all authors. F.L., 
F.F.L., W.H.S., and H.Y.L. participated in material 
preparation, data collection, and analysis. The initial 
manuscript draft was penned by F.L. and F.F.L. All 
authors provided input on earlier manuscript             
versions, and their final approval was obtained after 
all authors read and reviewed the manuscript. 

 
 

REFERENCES 
 
1. Zhou HR, Liu ZJ, Xie LM, et al. (2019) Relationship between aortic 

isthmus blood flow index and adverse perinatal outcomes in intra-
uterine growth-restricted foetuses. Chinese Journal of Ultrasound 
Medicine, 9: 824-826. 

2. Kandzija N, Matsumiya Y, Hutchinson S, et al. (2023) Using isolated 
mitochondria to improve placental bioenergetics: A potential 
treatment for Fetal Growth Restriction (FGR). Placenta, 140: e18. 

3. Huang QL and Wang L (2023) The value of growth factors com-
bined with uterine artery flow parameters in predicting fetal 
growth restriction in hypertensive patients during pregnancy. 
Journal of Practical Clinical Medicine, 16: 107-110. 

4. Spencer R, Maksym K, Hecher K, et al. (2023) Maternal PlGF and 
umbilical Dopplers predict pregnancy outcomes at diagnosis of 
early-onset fetal growth restriction. Journal of Clinical Investiga-
tion, 133(18): e169199. 

5. Sun ZF (2023) Analysis of influencing factors of fetal growth re-
striction in the third trimester. Zhongguo Nongkang Medicine, 14: 
9-11+15. 

6. Pedroso MA, Palmer KR, Hodges RJ, et al. (2018) Uterine artery 
Doppler in screening for preeclampsia and fetal growth restriction. 
Revista Brasileira de Ginecologia e Obstetricia, 40: 287-293. 

7. Zhang ZB, Zhang XD, Lin JR (2018) Value of color Doppler ultra-
sound detection of uterine and umbilical arteries in predicting 
intrauterine growth restriction in late-stage fetuses. Journal of 
Clinical Ultrasound Medicine, 08: 554-557. 

8. Arslan H C, Corbacıoglu EA, Akca A, et al. (2023) The effect of mid-
dle cerebral artery peak systolic velocity on prognosis in early and 
late-onset fetal growth restriction. Journal of Perinatal Medicine, 
51(4): 559-563. 

9. Shi RY, Chen JK, Guo H, et al. (2022) Diagnostic value of ultrasound 
blood flow parameter changes in foetal growth restriction in late 
pregnancy. Chinese Journal of Ultrasound Medicine, 1: 61-65. 

10. Tay J, Masini G, McEniery CM, et al. (2019) Uterine and fetal pla-
cental Doppler indices are associated with maternal cardiovascular 
function. American Journal of Obstetrics and Gynecology, 220(1): 

96-e1. 
11. Caradeux J, Martinez-Portilla RJ, Basuki TR, et al. (2018) Risk of 

fetal death in growth-restricted fetuses with umbilical and/or 
ductus venosus absent or reversed end-diastolic velocities before 
34 weeks of gestation: a systematic review and meta-analysis. 
American Journal of Obstetrics and Gynecology, 218(2): S774-S782. 

12. Ratiu D, Hide-Moser K, Morgenstern B, et al. (2019) Doppler indi-
ces and notching assessment of uterine artery between the 19th 
and 22nd week of pregnancy in the prediction of pregnancy out-
come. In-Vivo, 33(6): 2199-2204. 

13. Tang Q (2023) Three-dimensional energy Doppler ultrasound in 
evaluating fetal growth restricted placental function. China Medi-
cal Device Information, 13: 49-51. 

14. Dey M, Choudhury P, Chawla S, et al. (2023) Pregnancy-associated 
plasma protein-A: Its significance as a single biomarker for adverse 
obstetric outcomes. Gynecology Obstetrics & Reproductive Medi-
cine, 1-6. 

15. Duan T, Yang HX, Hu YL, et al. (2019) Expert consensus on fetal 
growth Restriction (2019 Ed.). Chinese Journal of Prenatal Diagno-
sis (electronic edition), 4: 78-98.  

16. Zhao XJ, Wang L, Lu H, et al. (2020) Performance verification and 
evaluation of ELISA kit for quantitative determination of vascular 
endothelial growth factor (VEGF). Chinese Journal of Biologics, 6: 
681-683+688. 

17. Wu M, Zhu BJ, Li TY (2022) The effect of aspirin combined with low 
molecular weight heparin in the treatment of preeclampsia with 
fetal growth restriction. Journal of Henan Medical Research, 18: 
3399-3402. 

18. Lin W (2022) Effects of low molecular weight heparin combined 
with magnesium sulfate on preeclampsia complicated with fetal 
growth restriction. Heilongjiang Medicine, 4: 855-857.  

19. Hafner E, Schuchter K, Metzenbauer M (2000) Uterine artery Dop-
pler perfusion in the first and second pregnancies. Ultrasound 
Obstet Gynecol, 7: 625-629. 

20. Lin Y (2022) Comparison of the diagnostic value of four-
dimensional and three-dimensional energy Doppler ultrasound in 
fetal growth restriction in early pregnancy. Modern Medicine and 
Hygiene, 21: 3651-3655. 

21. Ma LJ, Cui ZL, Yin XX, et al. (2022) Ultrasound multi-flow parame-
ters, brain placental rate combined with maternal serology in the 
evaluation of fetal growth restriction. Chinese Journal of Eugenics 
and Genetics, 7: 1187-1192.  

22. Sheng J (2021) Application value of ultrasound in the diagnosis of 
fetal growth restriction. Electronic Journal of Practical Gynecology 
Endocrinology, 21: 88-91. 

23. Sun XY (2021) The significance of Doppler ultrasonography in the 
diagnosis of intrauterine fetal growth restriction (FGR). Imaging 
Research and Medical Application, 9: 22-23. 

24. Hou LY and Li BL (2020) Evaluation of intrauterine growth re-
striction by color Doppler ultrasonography.Imaging Research and 
Medical Applications, 23: 5-6. 

25. Xiu YL, Lin Z, Shao XF (2022) Predictive value of serum β-HCG and 
PAPP-A levels in pregnant women for fetal growth restriction. 
Clinical Practice of Integrated Chinese and Western Medicine, 13: 
79-81+107. 

302 Int. J. Radiat. Res., Vol. 22 No. 2, April 2024 

 [
 D

O
I:

 1
0.

61
18

6/
ijr

r.
22

.2
.2

97
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
ai

l.i
jr

r.
co

m
 o

n 
20

25
-1

0-
16

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.61186/ijrr.22.2.297
https://mail.ijrr.com/article-1-5412-en.html
http://www.tcpdf.org

