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Abstract
Aim: This study aimed to investigate the relationship between the postnatally measured umbilical cord coiling index (UCI) and the antenatally assessed 
umbilical artery (UA) Doppler systolic/diastolic (S/D) ratio in high-risk pregnancies.
Methods: A total of 491 singleton pregnancies over 24 weeks of gestation were evaluated. Participants were divided into two groups. The UA S/D ratio 
was measured in the antenatal period for all cases. After delivery, UCI values were calculated. Based on UCI values, cases were categorized as hypocoiled, 
normocoiled, and hypercoiled.
Results: In the high-risk pregnancy group, fetal birth weight was lower, and the UA S/D ratio was significantly higher (p < 0.01). The mean UCI values were 
calculated. No statistically significant correlation was observed between UCI and UA S/D ratio overall. A significant difference was found between the type of 
delivery and UCI categories; vaginal deliveries were more common in the control group (p < 0.01), while there was no significant difference between groups in 
terms of cesarean section rates (p = 0.32). No significant difference was observed between groups in neonatal intensive care unit admission rates (p = 0.414).
Conclusion: UCI may be associated with the type of delivery and certain perinatal outcomes. As there are limited studies on this subject in the literature, more 
comprehensive and prospective studies are needed to evaluate the feasibility of using UCI in routine antenatal screening.
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Introduction
The umbilical cord is the primary structure that facilitates gas 
exchange and nutrient transport between the fetus and the 
placenta. The spiral arrangement of the two umbilical arteries 
and one umbilical vein within the cord not only enhances its 
structural durability but also provides resistance against 
mechanical pressure during labor.1 This spiral configuration of 
the umbilical cord is referred to as “coiling” and is numerically 
expressed by the 	  cord coiling index (UCI). UCI is a parameter 
calculated by dividing the total number of coils by the length of 
the cord in centimeters.2

Values of UCI outside the physiological range (normocoiling) 
are defined as hypocoiling ( < 0.1 coil/cm) or hypercoiling ( > 
0.3 coil/cm), and have been associated with various obstetric 
and neonatal complications. Hypocoiling is linked to decreased 
mechanical protection of umbilical vessels, while hypercoiling 
has been associated with increased vascular resistance and 
circulatory disturbances.3,4 Studies have shown that abnormal 
UCI values may be associated with adverse pregnancy outcomes 
such as fetal growth restriction (FGR), preterm birth, fetal 
distress, low APGAR scores, and increased cesarean delivery 
rates.5–7

Doppler ultrasonography is a widely used method for assessing 
fetal well-being. Umbilical artery (UA) Doppler measurements 
provide insight into placental vascular resistance and are 
used as a prognostic tool, particularly in the management of 
high-risk pregnancies.8 An increase in the UA Doppler Systole/
Diastole (S/D) ratio may indicate impaired uteroplacental 
perfusion and the development of fetal hypoxia.9 It is particularly 
recommended to monitor UA S/D ratios carefully in high-risk 
pregnancies such as those complicated by FGR, preeclampsia, 
and gestational diabetes mellitus (GDM).10

There are only a limited number of studies investigating the 
possible relationship between UCI and UA Doppler findings. 
While De Laat et al. suggested that abnormal UCI might affect 
uteroplacental circulation, Ernst et al. indicated that hypercoiled 
cords may negatively influence vascular circulation.11,12 To 
the best of our knowledge, there is no clear consensus in the 
literature regarding a significant correlation between UCI and 
Doppler parameters. This raises questions about UCI’s potential 
to predict fetal risks antenatally and its applicability in clinical 
practice.
In this context, our study aims to investigate the relationship 
between UCI measured postpartum and the UA Doppler S/D 
ratio assessed prenatally in high-risk pregnancies. Additionally, 
by examining the association between UCI and perinatal 
outcomes such as type of delivery, gestational age at birth, birth 
weight, and APGAR score, we aim to determine the diagnostic 
and prognostic value of UCI in clinical practice.

Materials and Methods
In total, 500 singleton pregnancies beyond 24 weeks of 
gestation were included in the study. The patients were divided 
into two groups: 250 patients with high-risk pregnancies 
(complicated by preeclampsia, fetal growth restriction (FGR), 
gestational diabetes mellitus (GDM), or oligohydramnios) and 
250 patients with uncomplicated pregnancies. Nine patients 

from the high-risk group were excluded from the study due 
to the absence of diastolic flow in the umbilical artery (UA) 
Doppler measurements, which made it impossible to calculate 
the S/D ratio. The following cases were also excluded from the 
study: maternal anemia, Rh incompatibility, maternal chronic 
and congenital diseases, body mass index (BMI) > 35 kg/m², 
deliveries before 24 weeks of gestation, multiple pregnancies, 
placental cord insertion anomalies, fetal congenital anomalies, 
cord knots, and single umbilical artery.
UA Doppler S/D measurements (performed within one week 
prior to delivery) and postpartum UCI measurements were 
conducted by the same obstetrician. The following variables 
were recorded for all patients: maternal age, parity, hemogram 
values, blood group, gestational age, UA Doppler S/D ratio, 
type of delivery (cesarean or vaginal birth), maternal and 
fetal complications (such as preeclampsia, FGR, GDM, 
oligohydramnios), newborn birth weight, sex, neonatal intensive 
care unit (NICU) admission, number of umbilical cord coils, cord 
length, and 5-minute APGAR score. Immediately after delivery, 
the umbilical cord was clamped approximately 5 cm from the 
fetal end and carefully cut with scissors without milking the 
cord. The placenta was delivered with active management. The 
length of the cord from the cut end to the placental insertion 
was measured with a measuring tape, and 5 cm was added to 
this length. The total number of coils was counted, and the UCI 
was calculated by dividing this number by the total cord length. 
UA Doppler S/D measurements were performed and recorded 
using a GE Healthcare Voluson E6 ultrasound device.

Ethical Approval
This study was approved by the Ethics Committee of Van 
Yuzuncu Yil University (Date: 2022-06-13, No: 07).

Statistical Analysis
A priori power analysis was conducted using G*Power software 
(version 3.1.9.7) to determine the sensitivity of the study for 
detecting mean differences between two independent groups. 
Assuming a two-tailed independent samples t-test with an 
alpha level of 0.05 and a desired statistical power of 0.80, 
the available sample sizes of 250 and 241 participants per 
group indicated that the study was adequately powered to 
detect a minimum effect size of Cohen’s d = 0.25. Normality 
of distribution for continuous variables was assessed using the 
Kolmogorov-Smirnov test (for n > 50) and Skewness-Kurtosis 
values. As the data were normally distributed, parametric tests 
were applied. Descriptive statistics for continuous variables 
were expressed as mean, standard deviation (SD), number 
(n), and percentage (%). Differences between measurement 
values between categorical groups were analyzed using the 
independent sample t-test, and ANOVA was used to compare 
more than two groups. The Pearson correlation coefficient 
was calculated to assess relationships between continuous 
variables. For associations between categorical variables, the 
Chi-square test was used. A p-value of < 0.05 was considered 
statistically significant. All analyses were performed using the 
SPSS statistical software package (SPSS for Windows, version 
26, Armonk, New York: IBM Corp.).
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Reporting Guidelines
This study was reported in accordance with the STROBE 
guidelines.

Results
A total of 491 patients were included in the study. Among 

the participants, 241 had high-risk pregnancies, while 250 
had uncomplicated pregnancies without any additional risk 
factors. The mean maternal age was 29.61 ± 6.34 years in the 
study group and 30.7 ± 6.47 years in the control group, with 
no statistically significant difference between the groups (p = 
0.6). The mean fetal birth weight was calculated as 2521 ± 632 
grams in the study group and 2865±623 grams in the control 
group, and the difference between the groups was statistically 
significant (p = 0.01). The mean gestational age at delivery was 
37.2 ± 2.29 weeks in the study group and 38.2 ± 1.59 weeks in 
the control group; however, there was no statistically significant 
difference between the gestational ages (p = 0.23). There was 
no significant difference in the median 5-minute Apgar scores 
between the groups (8 vs 9, p = 0.11). The mean umbilical artery 
(UA) S/D ratio was 3.07±0.52 in the study group and 2.92 ± 
0.43 in the control group, and this difference was statistically 
significant (p = 0.01). There were no statistically significant 
differences between the groups in terms of coil length, number 
of coils, or UCI values (p > 0.05) (Table 1).
In the control group, the number of male infants was significantly 
higher (n = 145, 59.2% vs. n = 100, 40.8%), and this difference was 

Table 2. Gender of fetuses, delivery types, UCI variables, and 
NICU requirement characteristics among groups

Table 1. Age, fetal parameters, S/D value, and umbilical cord 
properties

Table 3. Comparison of subgroups of the high-risk pregnancy 
group, comparison of the need for NICU according to UCI 
subgroups

Figure 2. Number and percentage of hypercoils, normocoils 
and hypocoils in the control group

Figure 1. Number and percentage of hypercoils, normocoils, 
and hypocoils in the study group

Groups

pStudy 
group

Control 
group

Mean ± Sd. Mean ± Sd.

Age (year) 29,61 ± 6,34 30,7 ± 6,47 0,6

Fetal weight (gr) 2521 ± 632 2865 ± 623 0,01 *

Gestational age (week) 37,2 ± 2,29 38,2 ± 1,59 0,23

5 min. APGAR score 8 (median) 9 (median) 0,11

UA S/D ratio 3,07 ± 0,52 2,92 ± 0,43 0,01*

Cord length (cm) 63,7 ± 17,2 65,1 ± 16,7 0,342

Number of coils 15,1 ± 6,27 15,2 ± 5,54 0,855

UCI 0,23 ± 0,07 0,23 ± 0,06 0,394

Abbreviations: UCI = umbilical cord coiling inde;, UA S/D = umbilical 
artery systole/diastole ratio

Variables

Groups

pStudy Group Control 
Group

n, % n, %

Gender
Male 100 (%40,8) 145 (%59,2) 0,026*

Female 141 (%57,3) 105 (%42,7) 0,038*

Delivery 
type

VB 31 (%30,7) 70 (%69,3) 0,01*

C/S 210 (%53,8) 180 (%46,2) 0,32

UCI

Hypercoiled 41 (%17) 16 (%6,5)

Hypocoiled 30 (%12,5) 17 (%7)

Normocoiled 170 (%70,5) 217 (%86,5)

NICU
NICU 10 (%58,8) 7 (%41,2) 0,414

None 231 (%48,7) 243 (%51,3) 0,62

Abbreviations :UCI: = umbilical cord coiling index; NICU = neonatal 
intensive care unit; VB = Vaginal birth; C/S = ceserean section

UCI Group

pHypercoiled Hypocoiled Normocoiled

n, % n, % n, %

High-Risk 
Pregnancy

GDM 4 (%23,5) 4 (%23,5) 9 (%53) 0,01*

FGG 28 (%16,4) 24 (%14) 119 (%69,6) 0,01*

PE 9 (%17) 2 (%3,8) 42 (%79,2) 0,032*

None 16 (%6,4) 17 (%6,8) 217 (%86,8)

NICU
NICU 0 2 (%11,8) 15 (%88,2)

0,012*
None 57 (%12) 45 (%9,5) 372 (%78,5)

Abbreviations: GDM = gestational diabetes mellitus; FGG = fetal growth 
restriction; PE = preeclampsia, NICU = neonatal intensive care unit
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statistically significant (p = 0.026). In the study group, the number 
of female infants was higher (n = 141, 57.3% vs. n = 105, 42.7%), 
and this difference was also found to be statistically significant 
(p = 0.038). The number of vaginal deliveries was higher in the 
control group (n = 70, 69.3% vs. n = 31, 30.7%), while the number of 
cesarean deliveries was higher in the study group (n = 210, 53.8% 
vs. n = 180, 46.2%). Among patients who delivered vaginally, the 
difference between groups was statistically significant (p = 0.01). 
In the study group, hypercoiled umbilical cords were observed in 
41 patients (17%), hypocoiled cords in 30 patients (12.5%), and 
normocoiled cords in 170 patients (70.5%) (Figure 1). In the control 
group, hypercoiling was observed in 16 patients (6.5%), hypocoiling 
in 17 patients (7%), and normocoiling in 217 patients (86.5%) (Figure 
2). Neonatal intensive care unit (NICU) admission was required for 
10 newborns (58.8%) in the study group and 7 newborns (41.2%) 
in the control group; however, the difference between the groups 
was not statistically significant (p = 0.414) (Table 2).
In the GDM group, hypercoiled umbilical cords were observed 
in 4 patients (23.5%), hypocoiled cords in 4 patients (23.5%), 
and normocoiled cords in 9 patients (53%). The frequency 
of normocoiling was statistically higher compared to the 
other types (p = 0.01). Among high-risk pregnancies, the 
most frequently observed pathology was FGR. In this group, 
hypercoiling was observed in 28 patients (16.4%), hypocoiling 
in 24 patients (14%), and normocoiling in 119 patients (69.6%). 
The normocoiled group was significantly more frequent 
than the hypercoiled and hypocoiled groups (p = 0.01). In the 
preeclampsia group, hypercoiling was observed in 9 patients 
(17%), hypocoiling in 2 patients (3.8%), and normocoiling in 42 
patients (79.2%). Normocoiling was significantly more common 
than the other two coiling patterns (p = 0.032). NICU admission 
was not required for any fetus with hypercoiled cords. Among 
fetuses with hypocoiled cords, 2 (11.8%) required NICU 
admission, while in the normocoiled group, 15 fetuses (88.2%) 
required NICU admission. The need for NICU admission was 
significantly higher in the normocoiled group compared to the 
others (p = 0.012) (Table 3).

Discussion
The umbilical cord plays a fundamental role in fetal nourishment, 
and its spiral structure is essential for maintaining this function. 
Several theories have been proposed regarding the formation 
of the spiral pattern of the umbilical cord, but no definitive 
consensus has been reached. The most widely accepted theory 
suggests a genetic predisposition related to fetal movements 
and vascular growth patterns.13,14 In a study by Nikkels PGJ et al., 
four distinct layers were identified in the wall of the umbilical 
artery: an inner circular layer, an inner longitudinal layer, a 
large helical muscle layer, and a small helical muscle layer.13 It 
is believed that the muscle layers in the arterial wall contribute 
to the spontaneous development of the coiled structure. The 
spiral configuration of the umbilical cord enhances its strength 
and flexibility against external forces, playing a crucial role in 
maintaining uninterrupted blood flow.14 It also contributes to the 
pressurized transport of blood to the placenta and facilitates 
diffusion within placental circulation.15	
In most previous studies on the umbilical coiling index (UCI), 

researchers defined hypocoiling, normocoiling, and hypercoiling 
based on the distribution of their study populations, rather than 
using a standardized reference. Therefore, a universally accepted 
reference range for UCI has not yet been established. In our 
study, the UCI threshold for the lowest 10% of measurements 
was calculated as 0.14, and for the highest 90% as 0.32. The 
mean UCI value across the entire study population was 0.23. 
Based on this, UCI was categorized as ≤ 0.14 = hypocoiling, 
0.15–0.31 = normocoiling, and ≥ 0.32 = hypercoiling. In 
reference studies, the lower 10th percentile was often below 
our cutoff, while the upper 90th percentile exceeded 0.3. In 
our study, the upper limit was similar, but the lower limit was 
notably higher.16

We found that UCI decreased with increasing gestational age. 
Although Rana et al. reported that the number of coils observed 
in the first trimester is roughly equivalent to that observed 
at term, some studies have noted discrepancies between 
prenatal UCI measurements taken in early pregnancy and 
postnatal UCI values, with a tendency toward more hypercoiled 
patterns in prenatal assessments.2,17,18 These findings support 
the observation in our study that coil number may increase 
with gestational age. When UCI groups were examined in our 
study, In the high-risk pregnancy group, hypercoiled cords were 
observed in 41 patients (17%) and hypocoiled cords in 30 
patients (12.5%). Both hypercoiled and hypocoiled cords were 
observed more frequently in the high-risk pregnancy group 
compared with the normocoiled group, and this difference was 
statistically significant (p = 0.01). Several studies have shown 
that deviations from normal umbilical cord coiling—either 
hypercoiling or hypocoiling—are associated with adverse 
pregnancy outcomes, supporting the findings of our study.14 
The first study on the impact of UCI on pregnancy outcomes 
was conducted by Strong et al., who reported that pregnancies 
outside the normocoiled group had significantly higher rates of 
intrauterine fetal death, preterm delivery, operative delivery due 
to fetal distress, and meconium-stained amniotic fluid.7

In our study, GDM was observed in both the hypercoiled (4 patients, 
23.5%) and hypocoiled (4 patients, 23.5%) groups, while 9 patients 
(53%) were in the normocoiled group. One study reported a higher 
rate of GDM in the hypercoiled group, while another study by 
Ezimokhai et al. observed higher rates of GDM in both hypo- and 
hypercoiled groups.4,19 Similarly, FGR was observed in 28 patients 
(16.4%) in the hypercoiled group, 24 (14%) in the hypocoiled 
group, and 119 (69.6%) in the normocoiled group, making FGR the 
most common pathology across subgroups. Studies by Predanic 
et al. and De Laat et al. also found increased FGR in both hypo- 
and hypercoiled groups.20 A meta-analysis similarly found that 
neonates in both the hypocoiled and hypercoiled groups had 
lower birth weights.21

In the preeclampsia group, 9 patients (17%) had hypercoiled 
cords, 2 patients (3.8%) had hypocoiled cords, and 42 
patients (79.2%) had normocoiled cords. While GDM and FGR 
cases showed relatively equal distribution between hypo- 
and hypercoiled groups, preeclampsia was more frequently 
associated with hypercoiling. However, in contrast to our 
findings, some publications have reported a greater prevalence 
of preeclampsia in hypocoiled pregnancies.19,22 Another study 
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found that both hypocoiled and hypercoiled groups were more 
likely to experience pregnancy-induced hypertensive disorders.23 
There are also studies showing no significant association 
between UCI and hypertensive disorders, and a large meta-
analysis concluded that there is no meaningful relationship 
between UCI and the development of preeclampsia.20,21

Some studies have investigated the pathological effects of UCI. 
De Laat et al. suggested that in the hypercoiled group, increased 
arterial pressure may impair flow dynamics and reduce pressure 
in terminal capillaries.15 Similarly, Ernst et al. reported that the 
hypercoiled group may be at higher risk for vascular obstruction 
and adverse outcomes during delivery.24 In the hypocoiled group, 
there may be reduced persistence of end-systolic pressure in the 
arterial wall of the umbilical cord. To evaluate this, the relationship 
between UA Doppler patterns and UCI needs to be examined. 
However, there is currently a lack of literature on this topic, and 
further studies are needed to investigate the correlation between 
Doppler velocimetry and UCI.

Limitations
Umbilical artery Doppler ultrasonography was performed on all 
patients within 1 week of delivery; this period could have been 
shorter. Pregnancies over 24 weeks were included in the study; 
adjusting this limit to 32 or 34 weeks would have provided more 
sensitive results.

Conclusion
In our study, we compared UA Doppler S/D ratios with UCI, both 
overall and separately for high-risk versus normal pregnancies. 
As a result, we found no significant difference between the 
high-risk and normal pregnancy groups. We believe that more 
extensive studies with larger sample sizes are needed to 
demonstrate a possible relationship between ultrasonographic 
Doppler parameters and UCI.
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