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ABSTRACT
Aim: To study the association between antenatal umbilical cord 
coiling index (aUCI) and perinatal outcome.

Materials and methods: This prospective study was conducted 
on 100 patients. The aUCI between gestational age 28 and  
42 weeks was calculated by color Doppler as the reciprocal of 
the distance between a pair of coils. It was then correlated with 
the following pregnancy outcomes: mode of delivery, preterm 
delivery, birth weight, meconium staining, Apgar score at 1 and 
5 minutes, and neonatal intensive care unit (NICU) admissions. 
Hypocoiled cords were those having umbilical cord coiling index 
(UCI) less than 10th percentile and hypercoiled cords were 
those having UCI >90th percentile. The results were statistically 
analyzed by chi-square test.

Results: The mean UCI was 0.61 ± 0.16. The hypocoiled umbili-
cal cords (UCI < 10th percentile) were significantly associated 
with low birth weight, meconium staining, low Apgar score at  
1 minute, and increased NICU admissions with a p-value < 0.05.

Conclusion: Hypocoilled cords are significantly associated with 
adverse perinatal outcome.
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INTRODUCTION

The primary objective of antenatal and intrapartum 
fetal surveillance both in early and late pregnancy is 
to prevent fetal death. One of the most important parts 

of the fetoplacental unit is the umbilical cord. It is now 
being studied in predicting the perinatal outcome. The 
cord and its constituent tissues, an outer layer of amnion, 
porous Wharton’s jelly, two arteries and one vein, are 
designed to provide and maintain blood flow to the 
developing fetus.1

A coil is defined as a complete 360° spiral course of 
umbilical vessels around the Wharton’s jelly. The origin 
of umbilical cord coiling is unknown. Hypotheses include 
fetal movements, active or passive torsion of the embryo, 
differential umbilical vascular growth rates, fetal hemo-
dynamic forces, and the arrangements of muscular fibers 
in the umbilical arterial wall.2-4

The umbilical cord coiling index is calculated by divid-
ing the total number of coils by the total length of the cord 
immediately after delivery.5-8 Antenatal UCI is calculated 
as a reciprocal value of the distance between a pair of coils 
measured in cm from inner edge of an arterial or venous 
wall to the outer edge of next coil along ipsilateral side 
of umbilical cord, direction being from placental end 
to the fetal end measured by Doppler ultrasound. The 
objective of this study is to correlate antenatally the UCI 
and perinatal outcome.

MATERIALS AND METHODS

This prospective study was conducted on 100 patients 
recruited from the Department of Obstetrics and Gynae-
cology in collaboration with Department of Radiodiagno-
sis, Shri Ram Murti Smarak Institute of Medical Sciences, 
Bhojipura, Bareilly, India, after obtaining necessary 
approval of the ethical committee. After taking informed 
consent, a detailed history and clinical examination was 
done on 100 patients with gestational age > 28 weeks, 
singleton pregnancy without any medical or obstetric 
complications, and a live fetus.

Hypocoiled or hypercoiled umbilical cords were those 
with corresponding coiling index values <10th or >90th 
percentiles respectively. The relationship between UCI 
and perinatal outcome was evaluated. Correlation of 
hypocoiling and hypercoiling with the perinatal outcome 
was based on the variables, such as mode of delivery, 
preterm delivery, birth weight, meconium staining, Apgar 
score, and NICU admission.

The statistical analysis was done using Statistical 
Package for the Social Sciences version 18 statistical 
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analysis software. The test of statistical significance that 
was used to analyze the parameters was chi-square test.

RESULTS

The total number of cases studied was 100. The maximum 
patients were in the age group between 21 and 25, i.e.,  
51 cases. The number of primigravida and multigravida 
was almost equal, i.e., 51 and 49% respectively. The dis-
tribution of cord UCI in the study population is presented 
in Table 1.

Depicted in Table 2 is the correlation between mode of 
delivery, preterm delivery, and birth weight of the neonate 

with UCI. Majority of patients delivered vaginally, i.e., 
80% followed by lower segment cesarean section (LSCS) 
in 20% cases. However, no statistical significance of UCI 
with mode of delivery was observed.

Among 100 mothers recruited, 17 had preterm deliv-
ery, out of which 13 had normocoiling, 3 hypocoiling, 
and 1 hypercoiling. No statistically significant associa-
tion was observed of preterm delivery with UCI. In our 
study, 36 neonates had birth weight less than 2.5 kg out 
of which 6 had hypocoiled cords. Association of hypo-
coiling with low birth weight is statistically significant, 
with p-value 0.048.

Table 3 reflects the statistical significance of meconium 
staining and hypocoiled cords with p-value 0.003.

Eight babies had Apgar score at 1 minute of 7 or less, 
out of which 3 had hypocoiled cords, so it was statistically 
significant with a p-value of 0.002. Apgar score observed at 
5 minutes was less than 7 in only one baby, who had nor-
mocoiling and so, it was not statistically significant (Table 4).

Table 1: Distribution of UCI

UCI Neonate
Normal 81
Hypocoiling 9
Hypercoiling 10
Total 100

Table 2: Correlation between mode of delivery, preterm delivery, and birth weight of the neonate with UCI

Normal Hypo p-value Hyper p-value
Mode of delivery
Vaginal delivery 66 (81.48%) 6 (66.66%) 0.29 8 (80%) 0.90
LSCS 15 (18.52) 3 (33.34%) 2 (20%)
Total 81 (100%) 9 (100%) 10 (100%)
Duration
Preterm 13 (16.04%) 3 (33.33%) 0.19 1 (1%) 0.61
Term 68 (83.96%) 6 (66.67%) 9 (9%)
Total 81 (81%) 9 (9%) 10 (10%)
Birth weight
<2.5 27 (33.33%) 6 (66.66%) 0.048 3 (30%) 0.83
2.5–4.0 54 (66.66%) 3 (33.34%) 7 (70%)
Total 81 (100%) 9 (100%) 10 (100%)

Table 3: Association of meconium staining with UCI

Meconium staining Normal Hypo p-value Hyper p-value
Yes 8 (9.87%) 4 (44.44%) 0.003 2 (20%) 0.33
No 73 (90.13%) 5 (55.55%) 8 (80%)
Total 81 (100%) 9 (100%) 10 (100%)

Table 4: Association of Apgar score at 1 minute, 5 minutes, and NICU admission with UCI

Normal Hypocoiling p-value Hypercoiling p-value
Apgar score at 1 minute
<7.0 4 (4.93%) 3 (33.33%) 0.002 1 (1%) 0.50
>7.0 77 (95.07%) 6 (66.67%) 9 (9%)
Total 81 (100%) 9 (100%) 10 (100%)
Apgar score at 5 minutes
<7 1 (1.21%) 0 0.72 0 0.72
>7 81 (98.79%) 9 (100%) 10 (100%)
Total 82 (100%) 9 (100%) 10 (100%)
NICU admission
Yes 4 (4.93%) 3 (33.33%) 0.002 0 (0%) 0.47
No 77 (95.07%) 6 (66.67%) 10 (100%)
Total 81 (100%) 9 (100%) 10 (100%)
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Among 7 NICU admissions, 4 had normocoiling,  
3 hypocoiling, and none hypercoiled cords. Association 
of NICU admissions with hypocoiling was statistically 
significant with p-value of 0.002.

DISCUSSION

The primary goal of antenatal evaluation is to identify 
fetuses at risk for intrauterine injury and death, and 
hence, intervention and timely delivery can prevent 
progression to stillbirth.

The mean UCI in our study was 0.61 ± 0.16. It was 
higher as compared with other studies done in the past.

There may be a possibility of a dynamically evolving 
UCI with advancing gestational age. Most of the patients 
recruited in other studies were in the early gestational 
age, whereas we have recruited most of our patients in 
advanced gestational age.

No significant association was observed between 
UCI and age of the patient. Findings are consistent with 
those of Feyl-Woboso and Omo-Aghoja.9 However, this 
is different than the study by Chitra et al10 who found an 
association between elderly gravida (35 years) and both 
hypocoiled and hypercoiled cords. Ezimokhai et al7 also 
found hypercoiled cords to be associated with extremes of 
maternal age. This is in contrast to our study in which all 
patients recruited were less than 35 years as our hospital 
treats rural and poor population who marry and conceive 
at an early age.

Correlation of UCI with gravidity in our study did not 
show any statistical significance, which is inconsistent 
with the study by Chitra et al.10

Association of UCI with mode of delivery was 
studied and is statistically not significant. This is con-
sistent with the study done by Strong et al5 who showed 
no association of UCI with mode of delivery. However, 
this is different than the study of Rana et al11 and De 
Laat et al12 who found association of cesarean section 
with hypocoiling.

Low birth weight was associated with hypocoiling 
which is statistically significant with a p-value of 0.048, 
whereas no statistically significant association of hyper-
coiling with low birth weight was observed in our study. 
This is comparable to the study of Chitra et al10 in which 
birth weight of the babies was compared with UCI and 
it was found that low birth weight, i.e., <2.5 kg, was 
significantly associated with both hypocoiled and hyper-
coiled cords. Studies by Rana et al,11 and De Laat et al12  
have also shown an association of hypercoiling and low 
birth weight. This is in contrast to findings of our study 
in which no association of low birth weight with hyper-
coiling was observed.

Strong et al5 and De Laat et al12 showed association 
of preterm labor and hypocoiling, whereas Rana et al11 
found hypercoiling to be significantly associated with 
preterm labor. They believed that hyprecoiling was an 
adaptive response to fetal hemodynamic changes, which 
initiates preterm labor on reaching a certain threshold. But 
no statistically significant association between preterm 
labor and hypocoiling or hypercoiling was observed in 
our study. In our study, 17 patients had preterm deliveries 
out of which only 3 had hypocoiled cords and 1 hyper-
coiled cord. Out of the remaining 13 cases, maximum had 
bacterial vaginosis as a cause for preterm labor.

Association of meconium staining with hypocoiling is 
statistically significant with a p-value of 0.003. The results 
are similar to the study by Gupta et al.13 They studied 
107 umbilical cords and found that in the hypocoiled 
group, meconium staining was significantly higher than 
in those with normocoiled cords. The findings are also 
consistent with the study by Strong et al5 where 100 cases 
were studied, and they found that meconium staining was 
associated with UCI values less than 10th percentile with 
p-value of 0.03, which is highly significant. Padmanab-
han et al14 also studied 130 cases, where they found that 
meconium staining was significant among hypocoiled 
cords. The mechanism by which this could be mediated 
includes the possibility that undercoiled cords may be 
more susceptible to acute kinking and therefore abrupt 
and marked cessation of blood flow.

Association of UCI with Apgar score at 1 minute was 
studied and has shown an association of low Apgar score 
with hypocoiled cords, which is statistically significant 
with a p-value of 0.002. This is inconsistent with a similar 
study by Gupta et al13 who studied 107 umbilical cords 
and found that in hypocoiled cords, low Apgar score at 
1 minute was present. In another study by Padmanab-
han et al,14 130 umbilical cords were studied and it was 
observed that in hypocoiled cords, there was significant 
low Apgar score.

Apgar score at 5 minutes and its association with UCI 
were also studied, but we did not find any statistically 
significant correlation. This was not consistent with the 
study by De Laat et al12 who studied 885 patients and 
found that hypocoiling was associated with low Apgar 
score less than 7 at 5 minutes. Gupta et al13 found that 
babies with Apgar scores of <7 had significantly lower 
UCIs than those with Apgar scores of >7. Padmanabhan 
et al14 studied 130 umbilical cords and found that hypo-
coiling was associated with low Apgar score of <7 at  
5 minutes.

Good Apgar score at 5 minutes in our study may be 
due to timely intervention, as all cases were monitored 
by continuous cardiotocography (CTG) and hence  
there is no prolonged hypoxia in utero and immediate 
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effective resuscitation improved the babies’ Apgar score at  
5 minutes, as they never went into secondary apnea.

The NICU admission with hypocoiling was statis-
tically significant with a p-value of 0.002. Our study 
is consistent with a similar study conducted by De 
Laat et al12 who studied 885 cases and concluded that 
hypocoiling of the cord was associated with fetal dis-
tress and NICU admissions. Strong et al5 found that 
incidence of fetal death in the noncoiled group was 
significantly greater.

With this study, it is inferred that UCI seems to be a 
reliable screening test for assessing fetal well-being in 
utero. In patients with no obvious risk factors, having 
hypocoiled cords was associated with poor neonatal 
outcome. So, this identifies the subset of patients and 
underscores the need for vigorous monitoring.

CONCLUSION

There was a statistical significance of hypocoiling 
with low birth weight. So, antenatal UCI cases having 
hypocoiled cords require close antenatal monitoring 
by Doppler studies. Significantly higher incidence of 
meconium staining was observed with hypocoiled cords, 
requiring further close monitoring by CTG and so early 
artificial rupture of membranes is required in cases of 
abnormal UCI. Correlation of low Apgar score at 1 minute 
and NICU admissions with abnormal UCI identifies fetus 
at risk and fetal jeopardy and need for close intrapartum 
monitoring to have better perinatal outcome.

Larger controlled trials are required to prove the 
efficacy of antenatal UCI. However, further evaluation 
by scalp blood sampling and fetal pulse oxymetry may 
help in improving perinatal outcome.
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