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Background: The umbilical cord has pivotal role in the development, well-being, and
survival of fetus and is vulnerable to kinking, torsion, and compression affecting perinatal
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index measured postnatally and the association of this index with adverse fetal outcomes.
Materials and Methods: This prospective cohort study was conducted on 124 antenatal
cases of age group 18-35 years with term gestation with singleton pregnancy that attendant
the outpatients department and indoor of Department of Obstetrics and Gynecology, Nehru
Hospital B.R.D. Medical College, Gorakhpur over a period of 1 year (2019-2020). After
detailed history, examination, and required antenatal care investigations, Ultrasonographic
examination was done and antenatal umbilical coiling index (UCI) was calculated. The cases
were followed up till delivery and postnatal UCI was also calculated and fetomaternal outcome
was noted. Statistical analysis: Appropriate tests were applied where ever necessary.
Results: The mean age was 25.71+4.30 years. The risk of preeclampsia, fetal growth
restriction, oligohydramnios was significantly high with antenatal and postnatal hypocoiling
(P<0.001) whereas the risk of gestational diabetes mellitus was significantly associated
with antenatal and postnatal hypercoiling. The risk of low birth weight, preterm, low APGAR,
neonatal intensive care unit admission and perinatal mortality were significantly high with
postnatal hypocoiling (P<0.0001). Conclusion: The present study concludes that abnormal
UCI was associated with adverse perinatal outcomes. Quantification of degree of abnormal
coiling in antepartum period is important.
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INTRODUCTION

The term umblical coiling index was coined by Strong et al.’
A coil is defined as complete 360° spiral course of umbilical

The umbilical cord or funiculus umbilicalis is the lifeline
of the fetus as it supplies water, nutrient and oxygen.'
The most mysterious character of human umbilical cord
is the twisted or the spiral course of its component blood
vessels.” The spiraling of the umbilical vessels develops
as early as 28 days after conception and may be seen by
ultrasonographic examination as early by 10 weeks of
gestational age.’

vessels around the whartons jelly.* Normal coiling index is
approximately 1 coils per 5 cm of umbilical cord length.*
Antenatal umbilical coiling index (UCI) is calculated as
reciprocal value of distance between a pair of coil measure in
cm from inner edge of an arterial or venous wall to the outer
edge of the arterial or venous wall along the ipsilateral side
of the umbilical cord. The final value is the average of three
readings at three different segments of umbilical cord.>
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After delivery umbilical cord coiling index is determined
by dividing the total number of coils by total umbilical
cord length in centimeter. An abnormal UCI include
hypocoiled if UCI <10™ percentile and hypercoiled, if
UCI >90* percentile.’*

It was found that hypocoiling (UCI <0.1 coils/cm) and
hypercoiling (UCI >0.3 coils/cm) wete both associated
with increased fetal risk.”" If abnormal umbilical coiling
could be detected antenatally and predict adverse pregnancy
outcome, then it would be useful to study UCI in utero to
select pregnancies for intensive fetal monitoring and early
intervention when required.

There were several studies on either antenatal UCI
or postnatal UCI and perinatal outcome, respectively.
However, there is paucity of literature on that antenatal
coiling index could predict the UCI measured postnatally.
The purpose of this study is to measure antenatal UCI by
ultrasonography and to determine if this antenatal UCI
predict the UCI measured postnatally and also to find
association with adverse pregnancy outcome.

Aims and objectives

The aim of this study is to measure antenatal UCI by
ultrasonography and to determine if this antenatal UCI
predict the UCI measured postnatally and also to find
association with adverse pregnancy outcome.

MATERIALS AND METHODS

This prospective cohort, single-center study was conducted
on 124 antenatal women with singleton pregnancy at
term gestation (37-41 weeks) who were admitted to the
indoor of Department of Obstetrics and Gynecology,
BRD Medical College, Gorakhpur, from August 2020
to July 2021. Sample size was calculated on the basis of
expected proportion of fetal abnormalities among hypet/
hypocoiling cases using the formula of prevalence of
disease in a certain population on risk discussed in “A.
Indrayan, Basic methods of Medical research” by putting
proportion of fetal abnormalities 30% and allowable
error considered to be 8% absolute. Considering 95%
confidence level, 90% power of study, the sample size
was calculated to be 124 and the sampling technique was
non-random convenience sampling. Women with multifetal
gestation, fetus with gross congenital malformations, and
those with single umbilical artery were excluded from the
study. A written informed consent was obtained from
all participants, ethical permission was granted from
institutional ethical committee (21/CRC/2019 dated
November 16, 2019). Detailed history, examination,
required antenatal investigations, and ultrasonographic
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examination was done. A 5-MHz transabdominal
curvilinear transducer (MEDISON SONAC 8000) was
used to perform all ultrasonographic scans. The antenatal
UCI (aUCI) was calculated at term gestation by a single
observer as a reciprocal value of the pitch of one complete
vascular coil, defined as the distance in centimeter from
inner edge of an arterial wall to outer edge of the same
arterial wall of the next coil ipsilaterally measured in mid-
section of the umbilical cord.

Postnatally, umbilical cord coiling index (pUCI) or true UCI
was calculated by dividing the total number of vascular coils
in cord by total length of cord in centimeters.

Relevant maternal demographic data were collected. Clinical
information such as pregnancy induced hypertension,
gestational diabetes mellitus (GDM), oligohydramnios,
meconium stained liquor, persistent non-reassuring fetal
heart rate (FHR) in labor, instrumental delivery, or cesarean
section, low birth weight (LBW), poor APGAR scores at 1
and 5 min, fetal growth restriction, and neonatal intensive care
unit (NICU) admission was noted. The centile values were
calculated and the subjects were divided into three groups, that
is, normocoiling, hypocoiling, and hypercoiling, respectively.
Hypocoiled cords were defined as those with UCI less than
the 10™ percentile and hypercoiled group as having values
more than 90" percentile. Normocoiled group have UCI
values between 10" and 90™ percentile of the mean UCL>*

The hypocoiled and hypercoiled groups were compared
with normocoiled group, and the association of the chosen
maternal and fetal parameters with UCI (antenatal and
true) was studied.

Statistical analysis

Data were analyzed using SPSS 20.0; Chi-square test was
applied to 2X2 contingency table. Odds ratio and 95%
confidence interval were used to evaluate association
between adverse pregnancy outcome and undetr/over
coiling.

RESULTS

In our study, the most frequent age range of the cases
was 21-25 years (51.6%) followed by the age range of
26-30 years (29.0%). The average maternal age was
25.71%4.30 years (Figure 1). Majority of the antenatal
women were primigravida (47.6%) and the mean gestational
age was found to be (38.4£1.6) weeks. The mean antenatal
UCI was found to be 0.31£0.12 (0.11-0.68) while the mean
postnatal UCI was 0.29£0.12 (0.04—0.58). The aUCI below
0.16 taken as hypocoiling and the value of aUCI >0.46
was taken as hypercoiling. Similarly, the value of pUCI
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Figure 1: Distribution of frequency of antenatal and postnatal umbilical
coiling index

<0.11 taken as hypocoiling and pUCI >0.44 was taken as
hypercoiling,

Pre-eclampsia, intrauterine growth restriction (IUGR),
oligohydroamnios, and previous uterine scar were found
at higher risk for antenatal hypocoiling (RR=17.2, 15.7,
13.6, and 2.0, respectively, and P<0.0001) as compared
to normocoiled groups. Antenatal hypercoiling was
significantly associated with GDM. (RR=28.2, P<0.0001)
(Table 1).

The association of postnatal hypocoiling was statistically
significant with preeclampsia, [UGR and oligohydroamnios.
(RR=19.3, 9.3, and 11.4, respectively, P<0.0001) whereas
postnatal hypercoiling was significantly associated with
GDM. (RR=36.8, P<0.0001).

The antenatal as well postnatal hypercoiling was significantly
associated with Meconium-stained liquor. (RR=8.8, 24.5,
respectively, and P<0.0001). However, no association was
noted between meconium-stained liquor and antenatal
and postnatal hypocoiling (RR=1.3 and 2.3, respectively;
P>0.5) (Table 2).

The risk of abnormal CTG and non-reassuring FHR was
found to be insignificant with antenatal and postnatal
coiling index (P>0.05) (Table 3). No significant correlation
was found between antenatal UCI as well as postnatal
coiling index with mode of delivery (P value in a UCI group
was 0.078 and P UCI was 0.205, respectively) (Table 4).

The incidence of LBW and pre-term birth was significantly
associated with antenatal hypocoiling group (RR=9.7 and
37.6,P<0.0001) as compared to the antenatal hypercoiling
(RR=0.0 and P>0.05) and normocoiling group.

The postnatal hypocoiling was at high risk for LBW,
preterm, low APGAR in 1 min and 5 min and NICU
admission. (RR=5.4, 42.0, 8.8, 10.5, and 21.0, respectively,
and P<0.0001). The length of stay in NICU and perinatal
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Maternal No. of cases (n=124) Percentage
characteristics
Age (years)
18-20 7 5.6
21-25 64 51.6
26-30 36 29.0
>30 17 13.7
Gravidity
G1 59 47.6
G2 31 25.0
2G3 34 27.4
Gestational age (weeks)
37 14 11.3
37-38 27 21.8
38-39 30 24.2
39-40 21 16.6
40-41 19 15.3
41-42 13 10.3
Socioeconomic status
Upper 2 1.6
Middle 31 25.0
Lower 91 73.4
Dwellers
Rural 75 60.5
Urban 49 39.5
Booking status
Booked 57 46.0
Unbooked 67 54.0
Religion
Hindu 111 89.5
Muslim 12 9.7
Others 1 0.8
Literacy
llliterate 24 19.4
Primary 28 22.6
High school 26 21.0
Intermediate 31 25.0
Graduate and above 15 121

mortality were significantly high with postnatal hypocoiling
(P=0.003 and 0.008, respectively) (Table 5).

The highly significant positive correlation was found
between postnatal UCI and antenatal UCI (r=0.912,
P<0.001) (Figure 2) further the regression equation for
estimating pUCI by aUCI is given by,

pUCI=—0.004+0.938 (aUCI).

On the other hand, the regression equation for estimating
aUCI by pUCl is given by, aUCI=0.056+0.887 (pUCI).

DISCUSSION

In our study, we enrolled 124 antenatal women who met
inclusion criteria and measured their UCI antenatally and
postnatally. The maximum value of the antenatal UCI (aUCI)
was (.68 and the minimum value was 0.11 respectively.
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Mode of No % aucCl pUCI

delivery (n=124) Hypocoiled  Normocoiled  Hypercoiled  Hypocoiled  Normocoiled  Hypercoiled
(%) (%) (%) (%) (%) (%)

VD 31 2500  8(258) 19 (61.3) 4(12.9) 6 (19.4) 20 (64.5) 5(16.1)

LSCS 89 71.77 7(7.9) 72 (80.9) 10 (11.2) 8(9) 74 (83.1) 7(7.9)

assisted VD 4 3.23 0 3 (75.0) 1(25.0) 0 4 (100) 0

Total 124 100 15 (12.1) 94 (75.8) 15 (12.1) 14 (11.3) 98 (79) 12.(9.7)

Chi-square 8.41 5.92

P-value 0.078 0.205

pUCI: Postnatal umbilical coiling index, aUCl: Antenatal umbilical coiling index
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Figure 2: Correlation and regression analysis between antenatal
umbilical coiling index and postnatal umbilical coiling index

In the present study, the mean aUCI at term
gestational age was (0.31£0.12). This was comparable
with finding of Degani et al., and their mean aUCI was
(0.44%0.11).°

However, in the study performed by Mittal et al., at mean
gestational age 22.05, the mean aUCI was (0.36+0.07).”

Sharma et al., found the mean UCI to be 0.41 when
calculated at 18-22 weeks of gestation.'” However, the
mean UCI was 0.30 in the study by de Laat et al., who
calculated the coiling index at gestational age anywhere
between 28 weeks to term.'!

In this study, cases were followed up to delivery and
postnatal UCI was also measured. The maximum and
minimum value of the postnatal UCI was 0.58 and 0.04,
respectively. The mean value of pUCI was (0.291+0.12)
in the present study which was comparable to other
studies.”” In present study, the values for 10 percentile
were calculated as 0.16 coils/cm and the value for the
90™ percentile was 0.44 coils/cm.

UCI and maternal risk factors

In the current series, we enrolled 124 women with
maternal high-risk factor which included preeclampsia,
TUGR, GDM, polyhydramnios, oligohydramnios, placenta

Asian Journal of Medical Sciences | Feb 2025 | Vol 16 | Issue 2

previa, abruptio placentae, previous uterine scar, and
other medical conditions such as thyroid disorder and
heart disease were studied. The risk of preeclampsia was
significantly high with antenatal hypocoiling (RR=17.2,
P=0.0001), this was contrary to the study performed by
Mittal et al., who found no association of abnormal coiling
and pre-eclampsia.’

However, a study done by Tohma et al., showed that
there was an increased incidence of preeclampsia in
the hypocoiled group (26.09%) as compared to the
normocoiled group (3.93%)."

Postnatal hypocoiling was also found to be significantly
associated with pre-eclampsia (P<0.0001); this was
consistent with the result obtained by Chitra et al., Mustafa
and Said and Gupta et al.,*”" In postnatal UCI, hypocoiling
group had <0.11 value and hypercoiling group had value
>(.46, which very similar to a study done by de Laat
et al., (<0.07) and hypercoiling group considered when
value >0.30 (Table 06).

The coiled umbilical cord, because of its elastic properties
can resist external forces that might compromise the
umbilical vascular flow. It also acts like a semierectile
organ that is more resistant to snarling torsion, stretch,
and compression than the non-coiled one (Machin et al.,);
this might explain the association of hypocoiling with
preeclampsia.'”

In present study, the risk of hypocoiling in antenatal and
postnatal UCI was significantly high with IUGR (aUCI,
RR=15.7, P<0.0001), (pUCI, RR=9.3, P=0.0002), and
oligohydramnios (P<0.0001), which was similar to the study
done by Gupta et al., and Chitra et al.,*” While Kashanian
etal., found oligohydramnios to be significantly associated
with both groups.'®

The current study indicated that women with a blood sugar
disorder had mostly hypercoiled umbilical cord in current
pregnancy. This results were consistent to the studies
done by Chitra et al., and Mustafa and Said™"> However,
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ucCl Study
Type

Year/ Pace of study Hypocoiled

Hypercoiled

aUCl  Sahoo et al.™ 2015 Maharashtra,
India

2019 Madhya
Pradesh, India

2014 Turkey

aUCl Khanetal.”

aUClI Tohma et al.™?
(5.26%)

aUCl  Present study 2023 Uttar Pradesh,

Oligohydramnios (P<0.01)
Oligohydramnios (P=0.0002)
Preeclampsia (26.09%), GDM (10.53%), FGR

Preeclampsia (P<0.0001), IUGR (P<0.0001),

Preterm labour (P=0.4)

PIH (P=0.0001), Abruption
(P=0.0001), FGR (P=0.0138)
Preeclampsia (21.05%), GDM
(13.04%), FGR (21.74%)
GDM (P<0.0001)

India Oligohydroamnios (P<0.0001) and previous uterine

scar (P<0.041)

pUCI  Chitra et al.” 2012 Pondicherry,

pUCI  Singh et al.”®
pUCI  Present study

2020 Odisha, India
2023 Uttar Pradesh,

(P<0.009)

Preterm birth (P=0.04), abruption (P=0.019),

India oligohydramnios (P=0.013), hypertensive disorder of
pregnancy (P=0.030)

Hypertensive disorder of pregnancy (P=0.001)
Preeclampsia (P<0.0001), Oligohydramnios

India (P<0.0001), FGR (P<0.0002), previous uterine scar

Polyhydramnios (P=0.015),
GDM (P=0.035)

GDM (P<0.0001), previous
uterine scar (P<0.0002)

pUCI: Postnatal umbilical coiling index, aUCl: Antenatal umbilical coiling index, GDM: Gestational diabetes mellitus, FGR: Fetal growth restriction, IUGR: Intrauterine growth

restriction

ucl Study
Type

Year/ Pace of study  Hypocoiled

Hypercoiled

aUCl Bansal et al.* 2016 Rajasthan,
India (P<0.001)
2005 New York
2015 Maharashtra,
India IUD (P=0.009)
2023 Uttar Pradesh,
India

2019 Madhya
Pradesh, India
2012 Pondicherry,

aUCI  Predanic et al.®
aUCI Sahoo et al.™

aUCIl  Present study
pUCI Khan et al.”®
pUCI  Chitra etal.”

(P=0.011)

pUCI delLaate etal.™ 2007 Netherlands

pUCI  Present study 2023 Uttar Pradesh,

LBW, MSAF, Non reassuring FHR
MSAF (P=0.05), fetal distress (P=0.02),

LBW (P<0.0001), PTB (P<0.0001)
Non reassuring FHR (P=0.026)

Non reassuring FHR (P<0.001), MSAF
India (P=0.020), Low Apgar (P=0.047), LBW

IUD (OR=4.09), Fetal anomaly
(OR=0.178), Low Apgar at 5 min (P=0.03)

LBW (P<0.0001), PTB (P<0.0001), Low

IUGR (P=0.03), LBW, APGAR at 1 min<5

LBW, MSAF, Non reassuring FHR
MSAF (P=0.005), Fetal distress
(P=0.004)

MSAF (P<0.0001)

Low birth weight (P=0.016), low APGAR
at 1 min and 5 min (P<0.001)
Non-reassuring FHR (P<0.001), MSAF
(P<0.001), low apgar (P=0.14), LBW
(P=0.001), anamolies (p<0.001)

IUD (OR=3.74), PTB (OR=1.91),

Fetal anomaly (OR=1.79), hypoxia
(OR=1.82), LBW (p=0.01)

MSAF (P<0.0001)

India apgar (P<0.0001), NICU admission
(P<0.0001), perinatal mortality (P<0.008)

pUCI: Postnatal umbilical coiling index, aUCl: Antenatal umbilical coiling index, LBW: Low birth weight, NICU: Neonatal intensive care unit, FHR: Fetal heart rate,

MSAF: Meconium-stained amniotic fluid

1 min (P<0.0001) and 5 min, NICU admission as compared
to hypercoiling and normocoiling;

Similarly risk of postnatal hypocoiling is significant in
TUGR, low APGAR score and NICU admission. The
study done by Monga et al., De Laat et al., Padmanabhan
et al., De Laat et al., and Gupta et al., found significantly
low APGAR in hypocoiling groups.*'="2%*7

In conflict to our study, Chitra et al., noted a significant
association with low APGAR in both hypocoiling and
hypercoiling.” In the present study, hypocoiled group was
associated with NICU admission (P<0.0001), which was
similar to Patil et al.”* This is contrary to the findings of
Bhojwani et al., who found more NICU admission in

Asian Journal of Medical Sciences | Feb 2025 | Vol 16 | Issue 2

hypercoiled groups.”® However, there was no correlation
was found between hypercoiling group and NICU
admission (P=0.07).

Strong et al., found that the incidence of fetal death was
significantly more in the non-coiled group.” In the study
by Rahi and Devaru and Thusoo observed higher NICU
admission in both the hypocoiled and hypetcoiled groups.**

Mittal et al., Monga et al., and Jo et al., found a significant
association between abnormal antenatal UCI with perinatal
outcome.” Furthermore, the studies conducted by
Chitra et al., Patil et al., Gupta et al., and Mustafa and
Said observed a significant association between abnormal
postnatal UCI and perinatal outcome.*”*
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Limitations of the study
Major limitations of this study were that it had a small
sample size, and it was a single-center study.

CONCLUSION

The current study concludes that abnormal coiling index
(aUCI as well as pUCI) was associated with adverse
maternal and neonatal outcome. Detection of abnormal
umbilical coiling in utero by ultrasonography will help to
select pregnancies for intensive fetal monitoring and early
intervention when required. Thus, it can be an innovative
approach towards preventive perinatology.
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