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ABSTRACT
Background: The prevalence of pre-eclampsia (PE) as a systemic disease in pregnancy is about 3-5%, but 

it is still one of the most important causes of maternal and infant mortality worldwide. This study aimed 
to investigate the association between fetal heart rate (FHR) and uterine artery pulsatility index (UtA-PI) 
in Doppler.

Methods: The current cohort study was carried out on 317 pregnant women with a gestational age of 
11 to 13 weeks and six days. Mothers were followed up from the first trimester until the delivery between 
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INTRODUCTION

Pre-eclampsia (PE) is a systemic disease 
in pregnancy that is defined as high 
blood pressure with proteinuria after 
the 20th week of pregnancy. It has a 
prevalence of about 3-5%, but it is still 

one of the most important causes of maternal 
and infant mortality in the world (1). Pre-eclamp
sia is a multifactorial clinical syndrome in which 
more than one pathological process plays a role 
in its pathogenesis (2). Inadequate activity of tro-
phoblasts in spiral arteries reduces placental 
blood supply and ischemia, which causes the re-
lease of various factors, including angiogenic, in-
flammatory factors and angiotensin 1 antibodies. 
These factors enter the mother's blood stream 
and cause an inflammatory response, activation 
and endothelial dysfunction in different organs 
of the mother, causing clinical symptoms such as 
vascular contraction, increased vascular resis-
tance and increased blood pressure. Also, fetal 
syndrome occurs in the fetus, which includes fe-
tal growth restriction, amniotic fluid volume re-
duction, and fetal hypoxia. Fetal hypoxia may 
occur from very early stages of pregnancy (3). 
Placental hypoxia and ischemia leads to in-
creased maternal cytokines (3), which transfer 
through the placenta (4) and therefore, the fetal 
cardiac function could also be altered as the ma-
ternal cardiovascular system is affected by 
PE-related cytokine increment. One of the ways 
to check the blood supply to the fetus is to check 
fetal heart rate and fetal blood vessel Doppler. 
Various studies (5-7) showed a relationship be-

tween the uterine artery pulsatility index (UtA-PI) 
in the first trimester of pregnancy and an increase 
in the incidence of PE in pregnant women. Se
veral previous studies have revealed a significant 
association between abnormal first trimester 
UtA-PI and occurrence of intrauterine growth re-
striction (IUGR) (8, 9). The UtA-PI, combined 
with mean arterial pressure (MAP) and maternal 
baseline characteristics during the first trimester, 
could detect 50%-73% of upcoming IUGRs (8). 
Early identification of increased risk for IUGR de-
velopment becomes more important for patients 
who need targeted long-term follow-up for neo-
natal complications, including cardiovascular in-
volvement. In this regard, we aimed to assess the 
association between different Doppler indices 
and fetal heart rate (FHR). q

METHODS AND MATERIALS

In the present cohort study we included 
317 pregnant women with a gestational age of 

11 to 13 weeks and six days after obtaining their 
written informed consent for voluntary participa-
tion to our research. Subjects were investigated 
from the first trimester until the delivery to iden-
tify the association of UtA-PI, FHR and ductus 
venosus pulsatility index (DVPI) and occurrence 
of PE in a prospective study which was carried 
out between March 2019 and March 2020 based 
on the International Society of Ultrasound in Ob-
stetrics and Gynecology (ISUOG) standard. The 
sample size calculation was based on the formu-
la of estimating a mean in a group with a mean 
of 0.93 and standard deviation (SD) of 0.17 (5), 

March 2019 and March 2020. Uterine artery pulsatility index, FHR and ductus venosus pulsatility index 
(DVPI) were recorded. Finally, the Doppler index of ductus venosus, FHR and other design variables were 
compared between the two groups with and without preeclampsia. 

Results: Subjects’ mean body mass index (BMI) was 25.31±3.98 kg/m2. The UtA-PI was correlated 
with Crown rump length (CRL) (r=-0.207, p=0.001), pregnancy associated plasma protein-A (PAPP-A) 
(r=-0.167, p=0.003), FHR (r=0.14, p=0.011) and uterine artery multiples of the median (UA MoM) 
(r=0.990, p=0.001), with the last one showing a strong positive correlation with CRL; PAPP-A had a 
reverse correlation with UA MoM (r=-0.171, p=0.002) and UtA-PI (r=-0.167, p=0.003), while FHR had a 
poor correlation with UA MoM (r=0.118, p=0.035) and UtA-PI (r=0.142, p=0.011). 

Conclusion: Uterine artery multiples of the median (UA MoM) was found to have a strong correlation 
with UtA-PI and, but a reverse correlation with PAPP-A. Intrauterine growth restriction (IUGR) had a 
significant association with FHR and UtA-PI. These findings imply the necessity of further future follow-up 
of offspring with a history of increased UtA-PI or maternal PE for cardiac alteration.

Keywords: fetal heart rate, uterine artery pulsatility index, Doppler, pregnancy.
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and with a beta of 0.02 and alpha of 0.05. The 
contact numbers of patients were obtained and 
their follow-up was done in terms of PE occur-
rence until delivery. Finally, the Doppler index of 
ductus venosus, FHR and other design variables 
were compared and analyzed in two groups with 
and without PE. 

Ethical issue
The present study was conducted in accordance 
with the tents of the Declaration of Helsinki, and 
it was approved by the Ethics Committee of Teh-
ran University of Medical Sciences, Iran. All 
study protocols were accepted by the institutio
nal ethical committee of Tehran University of 
Medical Sciences (IR.TUMS.IKHC.REC.1398.001). 
Accordingly, written informed consent was taken 
from all participants before the commencement 
of the study. 

Statistical analysis
At the end of the study, data analysis was per-
formed using SPSS version 21 with related tests 
such as paired t-test. A p value < 0.05 was con-
sidered significant. q

RESULTS

Subjects had a mean age of 25.31±3.98 years 
and 76 (23.7%) of them had a history of ce-

sarean section. The PAPP-A score in mothers 
with and without a history of cesarean section 
showed no statistically significant difference 
(P=0.745) (Table 1).

TABLE 1. Comparison of mean PAPP-A in subjects  
with/without a history of cesarean section

TABLE 2. Comparison of mean PAPP-A in subjects based 
on the placenta position

TABLE 3. Correlation of 
CRL, MAP, birth weight, 
PAPP-A, DV-PI, BMI, 
UA MOM, UtA-PI and 
FHR
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The PAPP-A score in mothers based on the 
placenta position showed no statistically signifi-
cant difference (P=0.789) (Table 2).

The UA-PI was correlated with Crown rump 
length (CRL) (r=-0.207, p=0.001), PAPP-A 
(r=-0.167, p=0.003), FHR (r=0.14, p=0.011) 
and UA MoM (r=0.990, p=0.001), with the last 
one showing a strong positive correlation with 
CRL; PAPP-A had a reverse correlation with 
UA MoM (r=-0.171, p=0.002) and UtA-PI 
(r=-0.167, p=0.003), while FHR had a poor 
correlation with UA MoM (r=0.118, p=0.035) 
and UtA-PI (r=0.142, p=0.011). In more detail, 
PE was developed for eight subjects, DV-PI was 
not different among women with and without 
PE (p=0.554), but the UtA-PI (p=0.024) and 
UA MoM (p=0.018) and the mean arterial pres-
sure (MAP) (p=0.018) were different (Table 3). 

DISCUSSION

Generally, systematic Doppler evaluations can 
anticipate placental dysfunction as the fetal 

growth restriction or PE or both. Previous studies 
indicated that high uterine artery impedance 
was associated with PE occurrence (10, 11). 
Uterine artery measurements can predict the de-
velopment of PE, maternal and fetal complica-
tions, and IUGR (12). The findings of the current 
study showed a significant association between 
FHR and UtA-PI. This result indicates that fetal 
cardiac abnormality develops as the maternal 
abnormal placentation exists. Particularly in indi-
viduals with PE, the secretion of the inflamma-
tory cytokines and endothelial dysfunction af-
fects the maternal cardiovascular system; spiral 
artery remodeling in the first trimester, followed 
by increased vascular stiffness and resistance, 
generalized vasoconstriction, decreased cardiac 
output, and diastolic dysfunction left ventricular 
(LV) remodeling caused by increased after-load 
are among the most common maternal cardiac 
complications (13). The fetus is as well affected 
by an increased level of cytokines such as TNF-α 
produced by the decidua and placenta (14). 
These findings imply that cytokines affecting the 
maternal cardiovascular system could affect the 
fetal cardiovascular system likewise. Several 
studies showed the effects of PE on fetal and 
neonatal cardiac alterations early after labor; dia-
stolic cardiac dysfunction, pulmonary edema, 
decreased cardiac myocardium wall thickness 

and cardiomyocyte proliferation in rats, as well 
as increased aortic intima-media thickness, have 
been pointed out (15).  

In a study by Karampas et al (5), 541 pregnant 
women were examined. They first underwent an 
ultrasound screening between 11 and 13 weeks 
and six days in terms of major fetal anomalies, 
NT, UtA-PI and DV-PI. Simultaneously, biochemi
cal markers including PAPP-A, placental growth 
factor (PlGF), sFlt-1 (soluble fms-like tyrosine ki-
nase), asymmetric dimethylarginine (ADMA), 
neutrophil gelatinase-associated lipocalin 
(NGAL) and matrix metallopeptidase 9 (MMP-9) 
was checked for them. Among the results ob-
tained from regression analysis, BMI and NGAL 
were able to predict 70% of PE cases. By adding 
UtA-PI and DVPI to the regression model, its 
sensitivity in predicting PE reached 77.8%. In a 
study by Karakoc et al (7), 174 pregnant women 
underwent ultrasound and DV Doppler exami-
nation. Those with a reverse wave in Doppler 
DV had a higher incidence of PE and diabetes 
mellitus than the control group (15 and 23%). In 
a study by Yazicioglu et al (16), the amount of 
abnormal Doppler DV in the group with PE was 
significantly higher than that in the control group 
(21% versus 4.4%). Additionally, in a study by 
Wright et al (6), 61,174 pregnant women were 
examined by ultrasound in the first and second 
trimesters. Maternal mean arterial blood pres-
sure, UtA-PI and PlGF can predict 90% of 
early-PE and 75% of PE before 37 weeks. In a 
study by Seravalli et al (17), 2,267 pregnant 
women were examined in the first trimester of 
pregnancy. There was a higher rate of bilateral 
notching of the uterine artery, a higher mean of 
UtA-PI and DV-PI in pregnancies that eventually 
led to the birth of a small-for-gestational age 
(SGA) baby. These results were consistent with 
our findings, showing the predictive effect of 
Doppler finding in maternal-related outcomes. 
q

CONCLUSION

There was a strong correlation between UtA-PI 
and UA MoM, but a reverse correlation be-

tween PAPP-A and UA MoM. Malplacentation 
indicated by abnormal UtA-PI causes IUGR, as 
shown by the significant association with FHR 
and UtA-PI. These findings imply the necessity of 
further future follow-up of offspring with a his-
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tory of increased UtA-PI or maternal PE for car-
diac alteration. q 
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