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Abstract

Objective: This study investigates the effects of previous vaginal deliveries and cesarean sections, as well as their repetitions, on uterine artery 
(UtA) Doppler parameters in subsequent pregnancies.
Methods: The study included 300 healthy pregnant women between 20 and 24 weeks of gestation. Pregnant women were compared in terms 
of UtA Doppler parameters according to previous delivery type and number
Results: Once compared according to delivery methods, UtA pulsatility index (PI), PI percentile, PI multiple of median (MoM), and systole/
diastole (S/D) values were similar in nulliparous, vaginal delivery (VD) group and cesarean delivery (CD) group (p values 0.191, 0.374, 0.284, 
and 0.152, respectively). UtA resistance index (RI) was significantly higher in the CD group (p=0.010). Once UtA Doppler parameters were 
compared according to the delivery method and repetitions, it was determined that all indices were significantly different between the groups 
(p=0.013 for UtA PI, p=0.041 for UtA PI percentile, p=0.016 for UtA PI MoM, p=0.001 for UtA RI, p=0.019 for UtA S/D). Regression analy-
sis showed a statistically significant effect of parity on the UtA RI variable (p=0.007).
Conclusion: Cesarean deliveries may alter UtA Doppler parameters in subsequent pregnancies, and furthermore, increasing numbers of 
cesarean and vaginal deliveries may impact all UtA Doppler parameters.
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Introduction

Doppler sonographies of fetal and maternal vessels du-
ring pregnancy have been used frequently in recent years 
to evaluate the physiology of the feto-maternal unit. Ad-
vancing ultrasonography technology and vast knowledge 
of Doppler ultrasonography have provided substantial 
achievements. Reliable and non-invasive methods are 
the primary achievements.

During pregnancy, a set of changes occur in the ma-
ternal uterine arteries (UtA) to accommodate the increa-
sed blood supply to the placenta. Maternal UtA Doppler 
ultrasound allows the evaluation of these changes that 
occur in the uteroplacental circulation from the first 
trimester of pregnancy.[1] Doppler sonography of UtA 

is a proven noninvasive method to evaluate abnormal 
placentation and impaired uteroplacental circulation.[2] 
Particularly in recent years, UtA Doppler ultrasound has 
been used as a screening tool to evaluate the risk of pre-
eclampsia, fetal growth restriction, abruptio placentae, 
and stillbirth.[3,4] The most commonly used parameters 
to evaluate UtA flow rate waveforms are the pulsatility 
index (PI), resistance index (RI), and systole/diastole 
(S/D) ratio.[5] 

Cesarean section rates are increasing worldwide. 
Adverse outcomes such as postpartum infection, he-
morrhage, and thromboembolism are frequent due to 
the increased rate of cesarean deliveries.[6,7] It has been 
demonstrated that devascularization and scar formation 
in the uterine tissue increase after cesarean section. This 
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condition is likely to affect blood flow to the placenta. 
Certain studies report that there is a change in the UtA 
Doppler pattern in the postpartum period. A few of these 
studies included women who gave birth by cesarean sec-
tion.[8,9] It has been proven in some studies that regard-
less of the method of delivery, parity can also affect UtA 
Doppler parameters due to changes in uterine tissues.[10-12]

To our knowledge, there is no study investigating the 
effects of both the previous delivery method and the num-
ber of births on uteroplacental circulation in subsequent 
pregnancies. In this study, we aimed to test the hypothe-
sis that the previous delivery method and the number of 
repetitions can change UtA Doppler parameters and to 
investigate the effect on these parameters.

Methods
Study design
This retrospective case-control study was conducted in a 
tertiary center between January 2022 and April 2023. The 
study included healthy pregnant women who had their 
UtA Doppler parameters checked during fetal anatomical 
scanning between the 20th and 24th weeks of gestation. 
The study was approved by local ethics committee (De-
cision no: 2023/237) and informed consent was obtained 
from all participants.

Patient selection
Women who had a previous vaginal delivery (VD) or ce-
sarean delivery (CD) history were considered as two sepa-
rate study groups, and those who had no previous delivery 
history were considered as the nulliparous group. In the 
same period, the groups were formed by including healthy 
pregnant women, whose gestational age was matched, wit-
hout obstetric pathology, any maternal medical complica-
tion, or autoimmune disorder history. Study groups were 
further divided into subgroups according to the method 
and number of deliveries: nulliparous group, single VD 
group (one VD story), multiple VD group (more than one 
VD story), single CD group (one CD story), and multiple 
CD group (more than one CD history). Exclusion criteria 
have been over 40 years of age, multiple pregnancies, fe-
tal structural and chromosomal anomalies, hypertension, 
preeclampsia, vascular disease, smoking-alcohol use, he-
parin or aspirin use, history of uterine surgery other than 
cesarean section, history of UtA and hypogastric artery 
ligation, and placental invasion anomalies.

The main data collected for analysis are age and obs-
tetric histories, maternal weight, height and body mass 
index (BMI), gestational week, UtA PI, PI percentile, PI 
multiple of the median (MoM), UtA RI and, UtA S/D ra-
tio. The gestational week was calculated according to the 

last menstrual period of pregnant women or according to 
fetal ultrasonography measurements in the first trimester 
for those who did not recall the last menstrual period.

Measurements
UtA Doppler ultrasonography evaluations were perfor-
med by a single Gynecology and Obstetrics Specialist 
(YD) who received training and had proven experience in 
fetal Doppler sonography. A Samsung HS60 ultrasound 
machine (SAMSUNG MEDISON CO., LTD. Seoul, 
Korea) with a 2–5 Mhz convex probe was used for all 
measurements. Doppler measurements were carried out 
according to The International Society of Ultrasound 
in Obstetrics and Gynecology (ISUOG) guidelines (5). 
For UtA Doppler sonography, a midsagittal section of 
the uterus and cervical canal was taken and the transdu-
cer was moved laterally up to the point that paracervical 
veins were visible. UtA’s were defined as crossing with 
the external iliac artery. The insonation angle was set to 
zero degrees or the minimum (<30 degrees) if it could not 
be adjusted at zero degrees. UtA Doppler indices were 
measured on both sides just proximal to the point where 
UtA’s prominently intersect with the external iliac artery. 
Both UtA PI values were calculated using the software 
package in the ultrasonography device, and then the ave-
rage UtA PI value was determined. Both UtA RI and, S/D 
ratio were calculated with the same method and their ave-
rage values were taken (Figure 1). PI MoM (patient’s PI 
values/median PI values based on gestational age) values 
were calculated for each patient to standardize the diffe-
rence between weeks of gestation.[13]

Fig 1. Uterine artery Doppler sonography. Doppler sonography of the 

crossing of the uterine artery with the iliac artery in transabdominal 

ultrasonography and uterine artery wave pattern
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Statistical analysis
Statistical Package for the Social Sciences (Version 22, 
SPSS Inc., Chicago, IL, USA) was used to analyze the 
data. Kolmogorov–Smirnov test, Shapiro–Wilk test and 
histograms were used to evaluate the normality of distri-
butions. In the analysis of the data, the mean and standard 
deviation, median, minimum, and maximum values of the 
characteristics were used while performing the continuous 
data statistics. One Way ANOVA and Kruskal Wallis test 
statistic were used to compare independent group means. 
If a difference was determined between the averages in 
group measurements, pairwise comparisons were evalua-
ted with the Bonferroni-corrected Mann-Whitney U test 
and the post-hoc Bonferroni test. Regression analysis was 
performed to determine the effects on the UtA RI variab-
le. The statistical significance level was taken as p<0.05.

Results
Three hundred pregnant women who met the inclusion 
and exclusion criteria were included in the study. 107 
pregnant women who did not give birth before (nullipa-
rous group), 80 pregnant women with a history of VD 
(VD group), and 113 pregnant women with a history of 
CD (CD group) were compared.

According to the comparison of the sociodemograp-
hic data of the groups according to the delivery methods 
(Table 1), the difference between the average maternal 
age of the groups was statistically significant (p = 0.001). 
The average age of the nulliparous group (26.64±4.48) was 
lower than the average age of the VD group (29.64±5.08) 
and CD group (30.65±5.18), and this difference was sta-
tistically significant in the subgroup analysis (p values 
0.001, 0.001, respectively). The gravida median value of 
the nulliparous group was found to be (1, 1–4), and the 

gravida median value of the VD group and CD group 
was found to be (3, 2–6). This difference is statistically 
significant (p = 0.001). In the subgroup analysis, it is the 
nulliparous group that makes the significant difference 
(p values 0.001, 0.001, respectively). The parity median 
value of the nulliparous group was found to be (0, 0–0), 
and the parity median value of the ND group and CD 
group was found to be (1, 1–5). This difference is statis-
tically significant (p = 0.001). In the subgroup analysis, 
it is the nulliparous group that makes the significant dif-
ference (p values 0.001, 0.001, respectively). There was 
no statistically significant difference between the groups 
in terms of abortion numbers (p = 0.792). Based on the 
comparison of maternal body weight, the average of the 
nulliparous group was 65.79±11.70, the average of the 
VD group was 69.86±12.08, and the average of the CD 
group was 70.01±12.88. Body weight was less in the nul-
liparous group than in the other groups. This differen-
ce is statistically significant (p = 0.020). In the subgroup 
analysis, the difference between the nulliparous group 
and the CD group was found to be statistically significant 
(p = 0.033). There was no statistically significant diffe-
rence between the groups in terms of maternal height (p 
= 0.489). In terms of the average BMI, the average of the 
nulliparous group was 25.03±4.59, the average of the VD 
group was 26.56±4.38, and the average of the CD group 
was 26.57±4.50. BMI was lower in the nulliparous group 
compared to the other groups. This difference is statisti-
cally significant (p=0.019). In the subgroup analysis, the 
difference between the nulliparous group and the CD 
group was found to be statistically significant (p = 0.035). 
The average weeks of gestation were similar between the 
groups, and the difference was not statistically significant 
(p = 0.285).

Table 1. Comparison of the sociodemographic data of the groups according to the delivery methods

Nulliparous group(n=107) VD group(n=80) CD group(n=113) P value

Age (year)   26.64 ± 4.48 29.64 ± 5.08    30.65 ± 5.18   0.001a

Gravidity   1 (1 – 4) 3 (2 – 6)    3 (2 – 6)   0.001b

Parity   0 (0 – 0) 1 (1 – 5)    1 (1 – 5)   0.001b

Abortion   0 (0 – 3) 0 (0 – 3)    0 (0 – 3)   0.792b

Weight (kg)   65.79 ± 11.70 69.86 ± 12.08    70.01 ± 12.88   0.020a

Height (cm)   161.39 ± 5.39 162.23 ± 6.03    162.24 ± 6.06   0.489a

BMI (kg/m2)   25.03 ± 4.59 26.56 ± 4.38    26.57 ± 4.50   0.019a

Gestational week   20.96 ± 1.02 21.05 ± 1.10    20.82 ± 1.01   0.285a

Abbreviations: kg, kilogram; cm, centimeter; kg/m2, kilogram/square meter; aOne way ANOVA (mean ± SD), bonferroni post hoc test in subgroup analysis; bKruskal - Wallis test [median (min-max)], 
Mann Whitney U test with bonferroni correction in subgroup analyzes; Significant at the p<0.05 level. Bold p values indicate statistically significant.
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Based on the comparison of the UtA Doppler para-
meters of the groups according to the delivery methods 
(Table 2), the average of the UtA PI of the nulliparous 
group was 1.02±0.34, the average of the UtA PI of the 
VD group was 1.06±0.28, and the average of the CD 
group was 1.11±0.43. This difference was not statistical-
ly significant (p = 0.191). Once UtA PI percentiles were 
compared among the groups, the UtA PI percentile value 
of the nulliparous group was 35 (1–100), the UtA PI per-
centile value of the VD group was 46.5 (1–96), and the 
UtA PI percentile value of the CD group was 47 (1–100). 
This difference was not statistically significant (p = 0.374). 
The average UtA PI MoM of the nulliparous group was 
0.96±0.32, the average of the UtA PI MoM of the VD 
group was 1.01±0.27, and the average of the CD group 
was 1.03±0.39, and the difference was not statistically 
significant (p = 0.284). Once the average UtA RI of 

the groups were compared, the average of the nulliparous 
group was determined as 0.58±0.10, the average of the 
UtA RI of the VD group was determined as 0.61±0.11, 
and the average of the CD group was determined as 
0.65±0.23. This difference is statistically significant (p = 
0.010). UtA RI value was lower in the nulliparous group 
than in the other groups. In the subgroup analysis, the dif-
ference between the nulliparous group and the CD group 
was statistically significant (p = 0.008). Once the average 
UtA S/D values were compared, the average UtA S/D va-
lue of the nulliparous group was 2.51±0.72, the average of 
the UtA S/D value of the VD group was 2.69±0.76, and 
the average of the UtA S/D value of the CD group was 
2.66 ± 0.70. This difference was not statistically signifi-
cant (p = 0.152).

Table 2. Comparison of the uterine artery Doppler parameters of the groups according to the delivery methods

Nulliparous  roup  (n=107) VD group (n=80) CD group (n=113) P value

UtA PI 1.02 ± 0.34 1.06 ± 0.28 1.11 ± 0.43 0.191 a

UtA PI percentile 35 (1 – 100) 46.5 (1 – 96) 47 (1 – 100) 0.374b

UtA PI MoM 0.96 ± 0.32 1.01 ± 0.27 1.03 ± 0.39 0.284 a

UtA RI 0.58 ± 0.10 0.61 ± 0.11 0.65 ± 0.23 0.010 a

UtA S/D value 2.51 ± 0.72 2.69 ± 0.76 2.66 ± 0.70 0.152 a

Abbreviations: PI, pulsatility index; MoM, multiple of median; RI, resistance index; S/D, systole/diastole ratio; aOne way ANOVA (mean ± SD), bonferroni post hoc test in subgroup analysis; b Kruskal - 
Wallis test [median (min-max)], Mann Whitney U test with bonferroni correction in subgroup analyzes; Significant at the p<0.05 level. Bold p values indicate statistically significant.

When comparing the UtA Doppler parameters of the 
groups according to the method and number of deliveries 
(Table 3), the UtA PI value differed significantly betwe-
en the groups (p = 0.013). The PI value was higher in 
the multiple VD group and the multiple CD group than 
in the other groups. According to the subgroup analy-
sis, significant differences were determined, particularly 
between the nulliparous group and multiple CD groups 
(p = 0.023) and between the single VD group and multiple 
CD groups (p = 0.044). The UtA PI percentile value also 
differed significantly between the groups (p = 0.041). Sig-
nificant differences were determined, especially between 
the nulliparous group and single CD groups, between the 
nulliparous group and multiple CD groups, and betwe-
en single VD group and multiple VD groups (p values of 
0.020, 0.043, and 0.032, respectively). UtA PI MoM value 
differed significantly between groups (p = 0.016). In the 
subgroup analysis, the difference was determined between 
the nulliparous group and the multiple CD groups, and 
the difference was statistically significant (p = 0.045). The 
UtA RI value demonstrated a statistically significant diffe-
rence between the groups (p = 0.001). The UtA RI value 
was higher in the multiple CD group. For UtA RI value, 
it was the values between the multiple CD group and the 

nulliparous group, the single VD group, and the single 
CD group that created a statistically significant difference 
in the subgroup analysis (p values were 0.001, 0.009, and 
0.003, respectively). The UtA S/D value differed signifi-
cantly between the groups (p = 0.019). The S/D value was 
higher in the multiple VD group and multiple CD group. 
In subgroup analysis, between the nulliparous group and 
multiple VD group (p = 0.006), between the nulliparous 
group and multiple CD group (p = 0.019), between the 
single VD group and multiple VD group (p = 0.025), and 
between the single VD group and single CD group (p = 
0.033), a significant difference was determined.

According to the results of the regression analysis of 
the effects on the UtA RI variable (Table 4), the variables 
of maternal age, gravida, BMI, and gestational week did 
not have a statistically significant effect on the dependent 
variable (recorded as p=0.099, p=0.325, p=0.612, p=0.306, 
respectively). However, the parity variable has a statisti-
cally significant effect (p = 0.007). These results indicate 
that the effects of maternal age, gravida, BMI, and gesta-
tional week variables on the estimation of the dependent 
variable examined are weak. However, the parity variable 
can play an essential role in estimating the dependent va-
riable.
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Table 3. Comparing the uterine artery Doppler parameters of the groups according to the method and number of delivery

Nulliparous 
group(n=107)

Single VD 
group(n=39)

Multiple VD 
group(n=41)

Single CD 
group(n=69)

Multiple CD group 
(n=44)

P value

UtA PI 1.02±0.34 0.99±0.25 1.13±0.29 1.04±0.37 1.22±0.50 0.013a

UtA PI percentile 35 (1 – 100) 43 (1 – 93) 55 (1 – 96) 40 (1 – 100) 53 (1 – 100) 0.041b

UtA PI MoM 0.96±0,32 0.94±0,25 1.07±0.27 0.97±0,34 1.13±0.45 0.016a

UtA RI 0.58±0.10 0.60±0.11 0.63±0.11 0.60±0.14 0.71±0.31 0.001a

UtA S/D value 2.51±0.72 2.51±0.60 2.87±0.86 2.57±0.66 2.81±0.74 0.019a

Abbreviations: PI, pulsatility index; MoM, multiple of median; RI, resistance index; S/D, systole/diastole ratio; aOne way ANOVA (mean ± SD), bonferroni post hoc test in subgroup analysis; b Kruskal - 
Wallis test [median (min-max)], Mann Whitney U test with bonferroni correction in subgroup analyzes; Significant at the p<0.05 level. Bold p values indicate statistically significant.

Table 4. Effects on the uterine artery RI variable: Regression Analysis

Independent variable B Coefficient p value 95% Confidence Interval (Lower Bound) 95% Confidence Interval (Upper Limit)

Constant 0.718 0.000 0.322 1.114

Age (year) 0.003 0.099 -0.001 0.007

Gravidity -0.015 0.325 -0.045 0.015

Parity 0.048 0.007 0.013 0.083

BMI (kg/m2) -0.001 0.612 -0.005 0.003

Gestational week -0.009 0.306 -0.026 0.00

Abbreviations: kg/m2, kilogram/square meter; B Coefficient, Standardized Coefficients Beta; Significant at the p<0.05 level. Bold p values indicate statistically significant.

Discussion
It is acknowledged that the method and number of birth 
cause changes in uterine anatomy and vascular structu-
res. Such changes are likely to cause changes in the UtA 
current. Studies evaluating uteroplacental circulation in 
pregnancy are available in the literature. However, there 
is no study available in the literature investigating the ef-
fects of more than one cesarean section and vaginal deli-
very and the number of deliveries on uterine artery Dopp-
ler parameters. In our study, it was found that the UtA RI 
value was higher in those with a history of CD, and as the 
number of VD and CD increased, other parameters (UtA 
S/D and UtA PI) also increased.

There are a number of studies in the literature on how 
UtA Doppler parameters change in pregnant women with 
or without a history of CD. There are conflicting results 
in these studies. In a study, UtA PI values were found to 
be similar between pregnant women with and without 
CD at 22 to 24 weeks of gestation period. However, UtA 
RI values were significantly higher in the CD group.[14] In 
the study conducted by Yapan et al., UtA PI MoM, UtA 
RI MoM, and UtA S/D MoM values were compared in 
pregnant women with and without CD, and it was ob-
served that there was no significant change between the 
groups.[15] According to a study that included 153 preg-
nant women between their 18 and 24 weeks of the gesta-
tion period, UtA PI MoM values were significantly hig-

her in the CD group. There was no significant difference 
between the groups in UtA mean PI, RI, and S/D values 
.[16] However, in the study conducted by Torabi et al., UtA 
PI value was significantly higher in the CD group compa-
red to pregnant women with a history of VD.[13] 

In our study, the RI value of UtA Doppler parameters 
was found to be higher in the CD group than in the nul-
liparous and VD groups, and other indices were similar. 
It was determined that there was no difference in indi-
ces between the nulliparous and VD groups. The groups 
were also compared according to the method and number 
of births. We determined that the mean UtA PI values 
were significantly higher in the multiple CD group com-
pared to the nulliparous and single ND groups. UtA PI 
values were similar in those with one or more CDs and 
those with more than one VD. We determined that the 
UtA PI percentile value was significantly higher in those 
with a history of more than one VD or CD compared to 
nulliparous. We observed that the CD number and UtA 
PI percentile value did not change, but changed signifi-
cantly as the VD number increased. The UtA PI MoM 
value was significantly higher in patients with a history 
of multiple CDs compared to nulliparous groups and was 
similar in other groups. Those with a history of multip-
le CDs had a significantly higher UtA RI compared to 
those with a history of one VD or CD. UtA RI value was 
similar in those with a history of more than one VD or 
CD. We found that the UtA S/D value increased in tho-
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se with a history of more than one VD or CD, and this 
increase was significant compared to nulliparous patients. 
We observed that the type and number of delivery affect 
the second-trimester UtA Doppler indexes. These fin-
dings suggest that there may be some permanent changes 
in UtA after pregnancy and that these changes may alter 
uteroplacental flow in subsequent pregnancies. We think 
that parity and mode of delivery should also be taken into 
consideration when evaluating UtA Doppler parameters 
used in screening for the risk of preeclampsia and fetal 
growth restriction.

In our study, we determined that the UtA Doppler 
indices changed as the number of CDs increased. In the 
regression analysis performed to determine the variable 
that has an effect on UtA RI, we found that parity had a 
significant effect. Studies investigating the effect of pa-
rity on UtA Doppler parameters are also available in the 
literature. In a study, a strong positive correlation was de-
termined between parity and UtA PI, and a slight positive 
correlation with RI was specified.[11] In the study condu-
cted by Prefumo et al., it was concluded that parity had 
a significant effect on UtA RI and wave forms.[12] There 
are studies in the literature demonstrating that parity does 
not affect UtA Doppler parameters. In a study including 
1102 pregnant women, it was observed that the UtA PI 
value was similar in the first and second pregnancies.[17] 
In the study of Göynümer et al., nulliparous women and 
women who gave birth previously were compared, and a 
significant decrease was found in UtA PI values between 
19 and 24 weeks of gestation. However, parity did not 
affect the average UtA PI.[10] 

The limitations of our study are related to its retrospe-
ctive design and the inability to compare with the first and 
third-trimester UtA Doppler indices. Although it seems 
like a weakness of the study that it is single-centered and 
cannot be compared with pregnant women from different 
regions, it eliminates the differences due to Doppler mea-
surements. The fact that the UtA PI reference values can 
vary according to the societies may be the weakness of 
the study. The strengths of the study are that the study 
was carried out in a tertiary center and Doppler measure-
ments were made by a single sonographer. The coherence 
of sample size is another strength of the study.

Conclusion
In our study, we found that UtA Doppler parameters 
changed particularly among women with a history of 
more than one CD, and these parameters could also chan-
ge in those with a history of more than one VD. It does 
not lead to the conclusion that these changes can comp-
letely affect the current pregnancy negatively. However, 
further prospective studies, including other possible risk 

factors, may be useful to confirm these results.
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