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Abstract 

 

Compromise of placental function causes an unfavorable pregnancy and, in most cases, results in fetal growth 

restriction. The aim of this research was to find an ultrasound parameter that can determine a placental 

insufficiency and prevent FGR. It was a cohort prospective study that includes 573 pregnant women between 20-

24 gestational week. 523 had no ultrasound changes and comprise the control group, and 50 of them had changes 

in doppler values and/or placental volume, so they comprise the research goup. All pregnant women were 

monitored during pregnancy for fetal biometry, pulse doppler of both uterine arteries, placental volume, and in 

delivery for bodily measurement of the newborn. Pregnant women with FGR had significantly higher mean values 

of the pulsatility index (PI) in the right uterine artery compared with pregnant women in the control group. The 

obtained results showed that 90% of pregnant women with FGR and 59.2% of pregnant women in the control 

group had an elevated resistance index (RI) in the right uterine artery. In the left uterine artery, the resistance 

index was elevated in 78% of women with FGR and in 67.7% of the control group. In the FGR group, significantly 

higher mean values of the resistance index were measured in both uterine arteries compared with the control 

group. Compared with the control group, a placental volume below the reference value was significantly more 

frequent in pregnant women with FGR. The largest mean placental volume was measured in pregnant women 

from the control group, whereas pregnant women with FGR had a lower mean placental volume. 
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Introduction 

 

The placenta is a temporary, very specific organ during pregnancy that carries out physiological 

growth and processes essential for fetal development. The growth and function of placenta is 

well regulated for maximal effective exchange of nutrients and metabolic products between 

maternal and fetal blood circulations. In normal pregnancy, fetoplacental circulation is 

increased proportionally with the gestational week of pregnancy, thus enabling the 

physiological intrauterine growth of the fetus.(1) Placental insufficiency arises from 

disruptions in the maternal–fetal interface that impair the delivery of oxygen and nutrients. 

Central to this process is a failure in early gestational placentation, characterized by inadequate 

trophoblast invasion and incomplete spiral artery remodeling.(2) This condition shows a 

persistence of high-resistance, low-flow uterine arteries, ultimately resulting in reduction of 

uteroplacental perfusion. 

Feto-placental insufficiency is responsible for oxygen decrease and low transport of nutritions 

to the fetus, so it suffers and stagnates in intrauterine growth, thus increases the possibility of 

some other complications during pregnancy and during delivery. Using high frequency 

ultrasound waves is a possibility of measuring the blood circulation in certain organ.(3) In 

pregnancies with high blood pressure, preeclampsia, intrauterine growth retardation and other 

adverse outcomes, the circulatory impendance of a. uterine is increased, that is high resistant 

index or appearance of early diastole notch. Also, it can appear high an impendance of a. 

umbilicalis, if the obliteration of placental circulation is up to 60%.(4) 

Placental insufficiency occurs in approximately 8% to 15% of all pregnancies, worldwide. It is 

a leading cause of fetal growth restriction (FGR) and some other complications during fetal 

development and stillbirth. 
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The most common reasons for placental insufficiency are: gestational diabetes, high blood 

pressure, maternal heart diseases, blood clothing conditions, preeclampsia, maternal age, using 

of certain medications, smoking, drinking alcohol, etc. 

Placental insufficiency arises from disruptions in the maternal–fetal interface that impair the 

delivery of oxygen and nutrients. Central to this process is a failure in early gestational 

placentation, characterized by inadequate trophoblast invasion and incomplete spiral artery 

remodeling.(5)  

This condition shows a persistence of high-resistance, low-flow uterine arteries, ultimately 

resulting in reduction of uteroplacental perfusion. 

Fetal growth restriction is a condition of failure of a fetus to reach its predetermined growth 

potential. FGR antenatal diagnosis requires a detailed assessment of maternal risk factors, 

including reproductive history, chronic diseases, maternal risk factors, and serial ultrasounds 

among women identified as at risk. (6) It should be noted that a large proportion of SGA infants 

are not actually growth restricted but are either constitutionally small or small due to 

physiologic reasons, such as congenital malformations. FGR affects an estimated 3–5% of 

pregnancies. Placental insufficiency, as measured by structural abnormalities and histologic 

findings, is the most frequent cause of FGR, but fetal factors, including chromosomal 

abnormalities and congenital infections, and maternal risk factors also contribute to FGR.(7) 

 

Objective: Assess ultrasound doppler and placental imaging findings to determine placental 

insufficiency and to prevent FGR and/or improve pregnancy outcome. 

 

Methods 

 

This research is realized at the Special Hospital for Obstetrics and Gynecology during the 

period of time from 01.01.2023 – 31.12.2024. It is a cohort prospective study that includes 573 

pregnant women who came for a routine check up at our hospital during 20-24 gestational week 

of pregnancy. Previosly, to all participants was explained the aim of the study and their 

contribution so all of them assigned an volunteer’s agreement for participation in it 

Incusion criteria: singltone pregnancy, age of mother up to 18, gestational age 20-24 weeks, 

exclude anomalies during ultrasound check up.  

Exclusion criteria: twins or multiple pregnancy, fetus mortus in utero, anomaly findings, 

preegsistential hypertension of mother, other chronic diseases of mother, use of Aspirin during 

pregnancy. 

All of them underwent ultrasound for fetal biometry, volume of placenta and color doppler 

values of both uterine arteries. From overall number of pregnant women, 523 had no ultrasound 

changes and comprise the control group, and 50 of them had  ultrasound changes in doppler 

values and/or placental volume, so they comprise the research goup. All pregnant women were 

monitored during pregnancy termination for fetal weight and heigh of the newborn. 

It was used ultrasound machine Voluson E8 Expert with 4D convex probe RM6C, GE 

Healthcare. 

Fetal biometry included: biparietal diameter, abdominal circumference, femur length, 

exclusion of fetal anomalies and placental volume (cm3) measuring by Merwins calculator as 

standard Apple tool. By pulse doppler were finded the values of pulsatile index (PI) and 

resistant index (RI) of both uterine arteries. 
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Fig. 1 Graphic depiction of body weight in CG and RG              
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Fig. 2 Graphic depiction of body heigh in CG and RG 

 

Newborn from mothers with FGR newborns had significant smaller fetal bodily measurment 

(fetal height and weight) comparing to newborns with  favorable outcome. (2596.5 ± 364.4 vs 

3441.5 ± 344.6 gr/cm, и, 47.0 ± 1.5 vs 50.7 ± 1.7 cm; p<0.0001).   

Overall number of participants N=573 

FGR 

N=50 

 

CG 

N=523 
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PI a.uterina lat.dex.
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Fig. 3 Graphic depiction of  PI PI a. uterine lat. sin. in CG and RG 
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Fig. 4 Graphic depiction of PI   a. uterine lat. sin. in CG and RG                              

 

The pulsatility index of both uterine arteries differed between the study and control group. The 

mean PI of the right artery was 0.92 ± 0.2 in pregnant women with an adverse pregnancy 

outcome, and 0.78 ± 0.2 in pregnant women with a favorable outcome, with the difference of 

0.14 confirmed as statistically significant. The mean pulsatility index of the left uterine artery 

was 0.79 ± 0.2 in pregnant women with an adverse pregnancy outcome, and 0.73 ± 0.1 in 

pregnant women with a favorable outcome, with the difference of 0.06 confirmed as 

statistically significant at p = 0.000002. (Figures 3 and 4) 
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RI a.uterina lat.dex
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Fig. 5 Graphic depiction of  RI a. uterine lat. dex. in CG and RG 

 

RI a.uterine lat.sin.
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Fig. 6  Graphic depiction of RI a. uterine lat. sin. in CG and RG 

 

Pregnant women with adverse and favorable pregnancy outcomes had different resistance 

indices in both uterine arteries. The RI of the right uterine artery had a mean value of 0.81 ± 

1.2 in the study group (SG) and 0.74 ± 0.15 in the control group (CG), and the difference of 

0.07 was confirmed as statistically significant at p < 0.0001. The RI of the left uterine artery 

had a mean value of 0.79 ± 0.2 in the SG and 0.75 ± 0.15 in the CG, and the difference of 0.04 

was confirmed as statistically significant at p = 0.0059. (Figures 5 and 6) 
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Fig. 7 Graphic depiction of placental volume in CG and RG 

 

In the study group (SG), the mean placental volume measured was 202.3 ± 49.1, while in the 

control group (CG), the mean volume was 211.0 ± 18.2. The difference in mean placental 

volumes between the two groups, amounting to 8.7, was confirmed as statistically significant 

at p = 0.00085. A significantly smaller placental volume was measured in pregnant women 

with FGR. (Figure 7) 

 

Results 

 
Table 1 Resistent index in both uterine arteries 

Variable Calculated parameter Groups 

FGR KG 

RI a.uterina lat. dex mean ±SD 0.86± 0.16 0.74± 015 

min - max 0.61–1.21  0.37–1.19 

p-level t=5.48 

***p=0.0000sig 

 

RI a.uterina lat.sin. mean ±SD 0.83 ± 0.2 0.75±0.15 

min - max 0.55– 1.16  0.47–1.96  

p-level t=3.44 

***p=0.0006sig 

 

t(Student t-test)                                                     ***p<0.0001 

 

In the FGR group, significantly higher mean values of the resistance index were measured in 

both uterine arteries compared with the control group (CG): 0.88 ± 0.15 vs. 0.74 ± 0.15, p < 

0.0001 for the right uterine artery, and 0.75 ± 0.15, p = 0.0009 and 0.75 ± 0.15, p = 0.0006 for 

the left uterine artery. 
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Table 2. Depiction of placental volume in FGR group in relation to control group 

Варијабла/ 

Variable 

калкулиран 

параметар/ 

calculated parameter 

Групи / Groups 

IUGR KГ / CG 

Волумен на постелка  

Placental volume /(cm3) 

mean ±SD 194.83±14.1 211.01±18.2 

min - max 172 – 212  120 – 290  

p-level t=6.12 

***p=0.0000sig 

 

t(Student t-test)                                                    ****p<0.0001 

Pregnant women with fetal growth restriction (FGR) had a low mean placental volume (194.83 

± 14.1). According to the results of the statistical analysis, the differences tested between the 

examined groups and the control group were statistically significant for the comparison 

between the FGR group and the control group (CG) (p < 0.0001) (Table 2). 

 

Conclusions 

 

Pregnant women with fetal growth restriction (FGR) had significantly higher mean values of 

the pulsatility index (PI) in the right uterine artery compared with pregnant women in the 

control group (mean values: 0.90 ± 0.15 and 0.78 ± 0.2 in the FGR and CG groups, 

respectively). 

The obtained results showed that 90% of pregnant women with fetal growth restriction and 

59.2% of pregnant women in the control group had an elevated resistance index in the right 

uterine artery. In the left uterine artery, the resistance index was elevated in 78% of women 

with intrauterine growth restriction and in 67.7% of the control group. 

In the FGR group, significantly higher mean values of the resistance index were measured in 

both uterine arteries compared with the control group (0.86 ± 0.16 vs. 0.74 ± 0.15, respectively, 

in the right uterine artery, and 0.83 ± 0.2 vs. 0.75 ± 0.15, respectively, in the left uterine artery). 

The FGR group had a similar mean resistance index to the control group in both uterine arteries. 

Compared with the control group, a placental volume below the reference value was 

significantly more frequent in pregnant women with fetal growth restriction (100% vs. 73.6%). 

The largest mean placental volume was measured in pregnant women from the control group 

(211.01 ± 18.2), whereas pregnant women with fetal growth restriction had a lower mean 

placental volume (194.83 ± 14.1). 

 

Nomenclature 

 

FGR fetal growth restriction 

CG control group 

RG research group 
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