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ORIGINAL ARTICLE
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ABSTRACT
Objective: To investigate whether evaluations of antenatal umbilical coiling index (aUCI) could
predict postnatal umbilical coiling index (UCI) (pUCI) in people with gestational diabetes mellitus
(GDM) compared with normal pregnancy independent of maternal demographic and reproduct-
ive characteristics.
Method: In this prospective study, 105 women with normal pregnancy, and 117 women with
pregnancy complicated by GDM were recruited. Ultrasound scan of umbilical cord was per-
formed at 18–23 and 37–41 weeks of gestation (WG). Evaluation of pUCI, as the reference stand-
ard, was performed within 24 hours after delivery.
Findings: There was no significant relationship between aUCI and maternal demographic and
reproductive characteristics. The mean for pUCI was 0.21±0.12 in the GDM group, and
0.21 ±0.09 in the normal pregnancy (p¼ .61). In the GDM group, a significant association was
found between aUCI and pUCI categories (p¼ .004). The area under curve (AUC) was less than
0.5 for hypocoiling in both groups. For hypercoiling it was 0.84±0.04 in the GDM group and
0.75 ±0.06 in the normal pregnancy group (18–23 WG). In the GDM group the cutoff points that
predict hypercoiling were 0.28 (18–23WG), and 0.21 (37–41WG). These were 0.35 (18–23WG),
and 0.33 (37–41WG) in the normal pregnancy group. Diagnostic accuracy analysis revealed that
in the GDM group, the sensitivity and specificity of hypercoiling for prediction of pUCI were
0.94 and 0.70 respectively at 18–23 WG.
Conclusions: Antenatal hypercoiling at the second trimester of pregnancy strongly predict post-
natal hypercoiling in pregnancies complicated by GDM.
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Brief Rationale

Umbilical coiling index abnormalities could be associ-
ated with adverse prenatal outcomes. So antenatal
evaluations, as screening modality for detection of
these abnormalities and prediction of postnatal umbil-
ical coiling index got useful to select pregnancies for
intensified fetal monitoring.

Introduction

The health factors of the fetus are influenced by a
number of factors such as genetics, maternal charac-
teristics, placental and umbilical cord structure, and
functions. Regardless of umbilical cord mystical

powers, it was always obvious that it provides the life
support to the fetus, which permits gas and nutrient
exchange [1]. In addition to the Wharton’s jelly and
amniotic fluid, the other ways to protect the human
umbilical cord are helical patterns and coiling of ves-
sels [2]. Coiling as a unique feature of the human
umbilical cord can be measured by the umbilical coil-
ing index (UCI) [3]; which is calculated sonographically,
or macroscopically after delivery by dividing the total
number of complete vascular coils by the umbilical
cord length in centimeters [3,4].

The importance of UCI abnormalities could be due
to adverse prenatal outcomes that caused by abnor-
mal flow, constriction or thrombosis in the umbilical
cord [5]. Intrauterine fetal death, intrauterine growth
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retardation, and distress during labor could be men-
tioned as adverse perinatal outcomes in UCI abnor-
malities especially in pregnancies complicated by
diabetes [3,5–8].

Antenatal ultrasound screening and risk classification
identify the cases of nonreassuring fetal status during
labor properly [9,10]. Ultrasonographic umbilical cord
examination is limited in the late third trimester
because of a decrement of amniotic fluid compared to
the fetal size, resulting in most measurements in the
third trimester being made in the middle or placental
regions. During the second trimester, the amount of
amniotic fluid relative to fetal size is usually greater
than at term, allowing observation of a larger part of
the cord. Umbilical coiling is fully developed by the end
of the first trimester and does not change thereafter
except increasing the cord lengths between established
coils throughout the entire pregnancy, and particularly,
in the later period of pregnancy [11]. Regarding the
above facts, a tendency is that the UCI becomes smaller
in the third trimester in comparison with the second tri-
mester [12]. Nonetheless, the lengthening of umbilical
cord and thus the change of UCI is individualized in
each fetus [13]. So the true UCI should be predictable
from the sonographic assessment in the second trimes-
ter [14]. Gestational diabetes mellitus (GDM) is one of
the most important risk factors for abnormal coiling
[15] which has an injurious effect on umbilical vessels
and the connective tissue [16]. The augmented peri-
natal fatality and morbidity associated with GDM may
be the result of a vascular etiology [16].

Hypocoiled cords lack Wharton’s jelly. This results in
reduced turgor of cords and compression of vessels.
Furthermore, hypercoiled cords are prone to pinching
of the vein and vascular obstruction [8].
Understanding the relation between the umbilical
cord, the placenta, and the diabetic status of the
mother could help to select the best appropriate inter-
ventions to save the fetus.

We performed this longitudinal case-control study,
in order to explore the predictive power of antenatal
umbilical coiling index (aUCI) (index tests) on postna-
tal umbilical coiling index (UCI) (pUCI) (reference
standard) in people with GDM independent of mater-
nal demographic and reproductive characteristics.

Materials and methods

In this study, we analyzed the data from a longitudinal
cohort of parturients comprised of gestational dia-
betes mellitus and nongestational diabetes preg-
nancy [17].

The study was enrolled on 310 consecutive and
unselected parturients at the 13th week of gestation
(determined by the first day of the last menstrual
period or first-trimester ultrasound scan using crown-
rump length (CRL)) between 18 April 2015 and
8 November 2016. The sample size was calculated by
G power software (version 3.1), power¼ 90%, a¼ 5%
and the mean± SD of coiling index was used from
Kurita’s study [12]. The exclusion criteria include inad-
equate antenatal, demographic, macroscopic, and
sonographic information, overt diabetes, presence of
gross fetal anomalies, history of chronic hypertension,
abortion between 13–20 weeks, smoking or substance
abuse, systemic disease, systemic medication use,
presence of micro or macrovascular complications, sin-
gle-artery umbilical cord, and multifetal pregnancy.

Antenatal evaluation

Transabdominal ultrasound survey of placenta and
umbilical cord (index tests) was performed for both
groups at 18–23 (appropriate time for evaluation of UCI
in second trimester [18]) and 37–41 weeks of gestational
age, or before delivery in the case of preterm labor.

The evaluation of the umbilical cord midsegment
(free loop) will include recording of longitudinal cord
images for the assessment of cord coiling [19]. The
umbilical cord coiling is quantitatively assessed by the
umbilical coiling index (UCI). AUCI defined as recipro-
cal value of the distance between two consecutive
umbilical coils. Umbilical cord coiling index was calcu-
lated as the number of complete coils per centimeter
length of cord (aUCI¼ 1/distance in cm) (distance;
from the inner edge of an arterial or venous wall to
the outer edge of the next coil along the ipsilateral
side of the cord in a longitudinal midsegment of the
umbilical cord) [1,2,20]. The distance between the
adjacent coils was measured with the built-in calipers
(straight line) or by “tracing” the distance along the
cord side if the cord was substantially curved [20]. The
best images were obtained perpendicular to the cord.
To avoid interobserver variability and intraobserver
variability, all antenatal evaluations were performed by
an experienced ultrasonographer in this field.

Postnatal evaluation

pUCI as the reference standard [21] was measured
macroscopically within 24 hours after delivery and
cord clamping in the fresh state by a single trained
physician who was blinded to the parturients’ history,
laboratory results and the aUCI findings. The training
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period for placental and umbilical cord evaluation was
1 month prior to measurements. Immediately after
birth both placental and fetal ends of the cord was
clamped [22] and cut straight at 5 cm from the fetal
insertion taking care not to milk and stretch the cord.
Five centimeters was added to the length of each
cord, to account for the portion of the cord that
remained attached to the fetal umbilicus. So the
length of the cord was measured against a nonelastic
tape, graduated in centimeters. Immediately after
delivery, the placenta and the umbilical cord were pre-
served in a labeled, clean, and dry plastic container
full of 10% neutral buffered formalin with an airtight
lid. They were kept in a dry, clean laboratory with con-
stant temperature maintained at 5 �C and were
washed clean of blood before examination. The umbil-
ical cord attachment to the placenta was examined;
one coil defined as complete 360 degrees of umbilical
artery around umbilical vein.

As in previous studies, UCI were classified as under-
coiled if the coiling index was less than 10th percent-
ile, normocoiled if the UCI was between the 10th and
90th percentile, or overcoiled if the UCI was above the
90th percentile [3,5,15,17,19].

All of the ultrasonographic and macroscopic evalua-
tions were performed for all of the parturients at the
mentioned sessions. To avoid diagnostic error, all of
the evaluations were performed under the same phys-
ical conditions, and by the same instruments
and procedures.

Statistical analysis

Statistical analysis was performed using Statistical
Package for Social Sciences (SPSS version 16, SPSS Inc,
Chicago, IL). Descriptive statistics methods were used
for baseline characteristics (means ± SD and propor-
tions (%)). Kolmogorov Smirnov was performed to
assess normality for continuous variables. Chi-square

test or Fischer exact test was used to compare
discrete variables. Results were given with their 95%
CIs. Independent sample t-test was applied for
comparisons between two quantitative variables.
McNemar–Bawker test was used for testing paired
categorical variables. Diagnostic accuracy tests were
performed to analyze sensitivity, specificity, receiver
operating characteristic (ROC) curves, positive and
negative predictive value (PPV and NPV), and positive
and negative likelihood ratio (LRþ and LR�).

Results

In the study period, 310 pregnant women were eval-
uated between 18 April 2015 and 8 November 2016.
Eighty-eight of parturients excluded due to missed to
follow-up (index tests and reference standard), 222
women recruited with complete ultrasonographic data
at second and third trimester (index tests) as well as
postnatal period (reference standard). The GDM group
was compromised of 117 parturients, while 105 were
included in the normal pregnancy group.
Demographic and reproductive characteristics of the
parturients are summarized in Table 1.

In the stepwise linear regression model [17] there
was no significant relationship between aUCI and
maternal demographic/reproductive characteristics,
including maternal age (p¼ .29), prepregnancy BMI
(p¼ .32), parity (p¼ .87), history of abortion (p¼ .63),
family history of diabetes mellitus (DM) (p¼ .57), and
history of GDM (p¼ .37). Table 2 shows the frequency
distribution of the UCI (10th, 90th percentiles, and
means ± SD) at postnatal and serial antenatal
evaluations.

Postnatal UCI was more related to aUCI at 37–41
WG. In the normal pregnancy group, R2¼ 0.05 (18�23
WG), and R2¼ 0.21 (37–41 WG). In the GDM group,
R2¼ 0.22 (18�23 WG), and R2¼ 0.52 (37�41 WG).
The linear relation was stronger in GDM group. Table 3

Table 1. Demographic and reproductive characteristics of the parturients.
GDM

(N¼ 117)
Normal pregnancy

(N¼ 105) p-value

Age (yrs) (Mean ± SD) 31 ± 5.2 28.1 ± 5.7 <.001
Gravidity (Median (IQ)) 2 (2,3) 2 (1,3) .86
Parity (Median (IQ)) 1 (0,2) 1 (0,1) .93
History of previous abortion (No. (%)) 27 (23.1) 22 (21) .70
History of stillbirth (No. (%)) 5 (4.3) 3 (2.9) .72
History of macrosomia (No. (%)) 8 (6.8) 1 (1) .03
History of previous GDM (No. (%)) 19 (16.2) 3 (2.9) .001
Family history of DM (No. (%)) 46 (39.3) 14 (13.3) <.001
Prepregnancy BMI (Mean ± SD) 26.9 ± 3.6 25.6 ± 4.2 .01

GDM: Gestational diabetes mellitus; DM: Diabetes mellitus; BMI: body mass index. Statistical
analysis: data are shown as mean ± SD (standard deviation), Median (IQ) (Interquartile), and
No. (%) (number).
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compares the association between UCI categories at
postnatal and antenatal evaluations.

In the normal pregnancy group, no significant asso-
ciation was found between UCI categorization at ante-
natal and postnatal evaluations (p-value¼ .145). On
the other hand, in the GDM group there was a signifi-
cant association (p-value¼ .004). In post-hoc analysis,
changes of UCI categories in the GDM group were sig-
nificant as follows: aUCI at 18–23 WG and aUCI at
37–41 WG (p-value¼ .004), pUCI and aUCI at 18–23
WG (p-value� .001), and pUCI and aUCI at 37–41 WG
(p-value¼ .001).

The ROC curve was created to show the best cutoff
point for hypocoiling detected by aUCIs for both
groups. In the normal pregnancy group the area
under the curves (AUCs) were 0.47 (18–23 WG), and
0.34 (37–41 WG). In the GDM group it was 0.31 and
0.26 respectively. No significant differences were
found between the groups at either evaluation. In
addition, ROC curve was created at various thresholds,
for detecting the best cutoff point for hypercoiling in
both groups (Figure 1(A,B)). The cutoff points and
diagnostic accuracy indices for hypercoiling are
described in Table 4. No adverse events were reported
from performing the index tests or the reference
standard evaluation.

Discussion

Antenatal hypercoiling of the umbilical cord predicts
postnatal hypercoiling independent of maternal demo-
graphic and reproductive characteristics in gestational
diabetes mellitus. Umbilical coiling pattern and the

total number of coils is established in the first trimes-
ter [2,23]. However, it is believed that the pattern of
coiling develops and changes during the second and
third trimesters [24]. The total number of coils at the
end of the first trimester is similar to that observed in
cords that have attained full term and is constant
[2,23,25,26]. The UCI reduction in the third trimester in
comparison with the second trimester occurs as a
result of cord elongation between sequential coils
[2,12,14,20,22,23,27,28]. This lengthening and UCI
change varies in each fetus and is highly individual-
ized [13]. Coiling index is one of the most frequently
reported umbilical cord related parameters in high-risk
pregnancies [29]. In the present study, a similar pat-
tern was observed with a decreasing trend of UCI in
the GDM group and normal pregnancy from the
second trimester to post delivery.

Previous studies have reported diverse correlations
or even disparities between antenatal and postnatal
UCI in non-GDM pregnancies [2,6,7,14,15,20,30]. In the
present study, the pUCI was more related to aUCI at
37–41 WG. Although the linear relationship was
greater in the GDM group, it was not very strong
(R2¼ 0.22). Hence, aUCI at both trimesters could not
predict pUCI with sufficient precision. This is in agree-
ment with De Laat’s study, who reported a weak cor-
relation between aUCI and pUCI in normal
pregnancies (R2¼ 0.66) [7]. Degani [2] and Predanic
[20], believed in the presence of strong correlations
between aUCI and pUCI in normal pregnancies
(R2¼ 0.71 and 0.64, respectively). The differences were
partly explained by the fact that investigators consider
different definitions for the power of correlation.

Table 2. Frequency distribution (10th, 90th percentiles, and means ± SD) of ante-
natal and postnatal umbilical coiling indices.

UCI 10th percentile 90th percentile Mean ± SD p-value

Normal pregnancy aUCI (18–23 WG) 0.17 0.66 0.36 ± 0.2 <.001
aUCI (37–41 WG) 0.16 0.43 0.29 ± 0.12
pUCI 0.10 0.32 0.21 ± 0.09

GDM aUCI (18–23 WG) 0.13 0.49 0.28 ± 0.15 <.001
aUCI (37–41 WG) 0.12 0.40 0.25 ± 0.12
pUCI 0.10 0.36 0.21 ± 0.12

UCI: Umbilical coiling index (coils /cm); aUCI: Antenatal UCI; WG: Weeks of gestation; pUCI:
Postnatal UCI; GDM: gestational diabetes mellitus. Statistical analysis: Data are shown as mean ± SD
(Standard deviation).

Table 3. Umbilical coiling index categorization at postnatal and antenatal evaluations.
UCI category % Noncoiling Hypo coiling Normocoiling Hyper coiling p-value

Normal pregnancy aUCI (18–23 WG) 6.7 12.4 74.3 6.7 .145
aUCI (37–41 WG) 0 12.4 80 7.6
pUCI 0 9.5 81 9.5

GDM aUCI (18–23 WG) 4.3 30.8 63.2 1.7 .004
aUCI (37–41 WG) 0 22.2 72.6 5.1
pUCI 0.9 11.1 72.6 15.4

UCI: Umbilical coiling index, aUCI: Antenatal UCI, WG: Weeks of gestation, pUCI: Postnatal UCI, GDM: gesta-
tional diabetes mellitus. Statistical analysis: data are shown as percentage values (%).
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In addition, study design, study population, sample
size, imaging techniques used, and the gestational age
selected for antenatal evaluation could have major
impacts on the results.

In the present study, a nonsignificant association
was found between categories of aUCIs and pUCI in
normal pregnancy (p-value¼ .145). However, in the
GDM group it was significant (p-value¼ .004). Degani’s
study [2] showed that in low-risk pregnancies,

antenatal coiling index correlates well with pUCI.
Regarding the inhomogeneity in the coiling pattern
with advancing gestational age, the examination of
aUCI earlier in the course of gestation (second trimes-
ter), could result in a more accurate measurement of
UCI [2,13,14,20,28,31]. However, the true UCI at term,
may not be accurately reflected by this measurement
[14]. In contrast to the present study’s measurement;
some studies did not perform the third-trimester

Figure 1. (A,B) ROC curve for antenatal umbilical coiling index (18–23 and 37–41 weeks of gestation) in normal pregnancy (1A)
and gestational diabetes mellitus (1B), using postnatal umbilical coiling index as the reference standard.

Table 4. Cutoff points and diagnostic accuracy indices for hypercoiling.
AUC ± SE LRþ, LR� PPV, NPV Specificity (CI) Sensitivity (CI ) aUCI Cutoff point

Normal pregnancy
0.75 ± 0.06� 2.20, 0.31 0.20,0.96 0.64 (0.53,0.74) 0.80 (0.44,0.97) 0.35 aUCI (18–23WG f)
0.84 ± 0.04� 3.05, 0.14 0.24,0.98 0.71 (0.60,0.79) 0.90 (0.55,1) 0.33 aUCI (37–41WG)
GDM
0.84 ± 0.04� 3.17, 0.08 0.38,0.98 0.70 (0.60,0.79) 0.94 (0.73,1) 0.28 aUCI (18–23WG)
0.84 ± 0.05� 2.10, 0.19 0.28,0.97 0.59 (0.47,0.67) 0.89 (0.65,0.99) 0.21 aUCI (37–41WG)

aUCI: Antenatal umbilical coiling index; CI: Confidence interval; PPV, NPV: Positive predictive value and negative
predictive value; LRþ, LR�: Positive and negative likelihood ratio; AUC: Area under the curve; SE: Standard error;
WG: Weeks of gestation; GDM: gestational diabetes mellitus.�Significant p-value, Statistical Methods: diagnostic accuracy tests.
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measurements, due to reduction of amniotic fluid vol-
ume and difficulties in differentiating between coiling
and torsion [2,7,13,14].

Mixed coiling patterns, not recognized in antenatal
sonography [20], in addition to the later evolution of
UCI, are two causes of the development of discord-
ance between aUCI and pUCI [14,20]. Furthermore,
considering the lack of standard nomograms reporting
the normal distribution of the aUCI at various gesta-
tional ages, the exact definition of hypocoiled and
hypercoiled cords has been inconsistent [3,5,15,19].

In order to determine definite antenatal cutoff
points for the prediction of hypocoiling and hypercoil-
ing in GDM and normal pregnancies, the sensitivity of
antenatal serial sonography scans was evaluated. In
the GDM group, the sensitivity for detecting hypercoil-
ing at birth was 94% (18–23 WG) and 89% (37–41
WG). The sensitivity value for normal pregnancy was
80 and 90%, respectively. The cutoff points for hyper-
coiling in two antenatal evaluations in the GDM were
0.28 (18–23 WG), and 0.21 (37–41 WG). In normal
pregnancy, the cutoff points were 0.35 and 0.33,
respectively. On the other hand, such cutoff values
could not be determined for hypocoiling.

In contrast to the present study, De Laat reported
low sensitivity and high specificity for aUCI to predict
postnatal hypocoiled or hypercoiled cords in normal
pregnancies [7]. Predanic reported high sensitivity for
antenatal evaluation to prognoses postnatal hypocoil-
ing. However, the sensitivity was low for hypercoiling
(78.9 and 25.4%, respectively) [20]. Qin et al. revealed
low sensitivity for postnatal hypocoiling and hypercoil-
ing prediction (9.1 and 17.3%) [14]. In Degani’s study,
the sensitivity of the second-trimester hypocoiling to
the prediction of postnatal hypocoiling was 51%, but
it was 79% for the prediction of an abnormal pUCI
defined as hypocoiling or hypercoiling [6].

The disagreements of diagnostic accuracy values
might be explained by the measurement of errors,
gestational age for antenatal survey, study design
(cross-sectional versus longitudinal), study population
(GDM,complicated or normal pregnancies), sample
size, distribution of parturients or lack of control
group [20].

Regardless of the significant correlation between
aUCI and pUCI, the second-trimester sonographic
evaluation is imprecise in predicting postnatal hypo-
coiling or hypercoiling [20]. This dissimilarity between
different aUCI measurements could be explained by
the nonlinear structure of the cord in utero particularly
in hypocoiled cords [7]. Moreover, the degree of coil-
ing varies with the location of the segment being

evaluated, tending to be greater toward the fetal end
than toward the placental end [14].

Hypercoiling is distinguished in the following
adverse prenatal outcomes: small for gestational age
[3], intrauterine growth retardation [5], fetal asphyxia
[5,15], low birth weight [7], meconium staining [15,20]
and so on. Therefore, with the mentioned cutoff
points in the antenatal ultrasonographic evaluations,
the postnatal hypercoiling pattern could be predicted.
This could lead to an appropriate decision to prevent
avoidable adverse prenatal outcomes.

The strengths of the present study were that all
measurements were performed in a referral obstetric
center. Furthermore, the study design was longitudinal
which allowed us to perform a serial ultrasound scan
at the second and third trimesters and postnatal
period. In addition, the study population comprised
gestational diabetes mellitus and normal pregnancy,
providing valid comparison between groups. On the
other hand, a cutoff value for hypocoiling could not
be determined. This might be due to the number of
participants with hypocoiling.

In future we propose to perform ultrasound during
labor to determine the relative contributions of sono-
graphic indices and parameters with fetal outcomes in
both trimesters; also we should perform new calcula-
tion and evaluation methods to predict the better
results [32–34].

In conclusion, antenatal hypercoiling at the second
trimester of pregnancy strongly predict postnatal
hypercoiling in pregnancies complicated by GDM.
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