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Introduction: Abnormalities in the insertion of umbilical cord is associated with a number of complications in
pregnancy and these complications may adversely affect the fetus. The aim of this study was to evaluate the
variations in the attachment of umbilical cord in normal and pre-eclamptic pregnancies and to assess the
effects of variable cord insertions on fetal birth weight.
Materials and Methods: Seventy placentae each of normotensive and pre-eclamptic pregnancies were studied
(n=140). After delivery, weight of the baby was recorded by using weighing machine and the attachment of
umbilical cord on placenta was observed.
Results: In the present study, commonest site of insertion of umbilical cord was central (60%) in normal
pregnancies, whereas in pre-eclamptic pregnancies, a common site of insertions of umbilical cord were central
(37.14%) and/or eccentric (34.28%). Marginal cord insertions were found 2.11 times more in pre-eclamptic
pregnancies as compared to normal pregnancies. A single case of velamentous insertion was found in the pre-
eclamptic pregnancies. We found that 65.52% of placentae with abnormal cord insertions were associated with
low fetal birth weight and the association between cord insertion and fetal birth weight was found statistically
highly significant.
Discussion: Abnormal cord insertions are significantly associated with pre-eclampsia. Mean fetal birth weight
decreases as the site of cord insertion moves towards the periphery. Conclusively, abnormalities in the site of
insertion of umbilical cord have an adverse effect on fetal health. Therefore, early detection of abnormal cord
insertion may provide sufficient information to take additional care in such conditions.
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fetal surface of the placenta [1]. The umbilical
cord delivers oxygen and nutrients to the devel-
oping fetus throughout pregnancy. Thus, the
growth of the fetus is highly dependent on the

The umbilical cord is also referred to as Funicu-
lus umbilicalis or Birth cord. It is a flexible struc-
ture that connects the developing embryo to the
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development of the umbilical cord [2]. Normally,
the umbilical cord is inserted at the center or
near the center (eccentric) of the placenta. Other
types of attachments of umbilical cords are
marginal, velamentous and furcated [3]. In
marginal cord insertion, the umbilical cord is
inserted within 2 cm from the placental edge
[4]. In velamentous cord insertion, the umbili-
cal cord is inserted into the chorio-amniotic
membranes rather than on to the placental mass
[5]. In furcated insertion, umbilical cord branch
before its insertion on the fetal surface of the
placenta [6]. Variations in the site of insertion
of umbilical cords are explained by two differ-
ent theories. First is “placental migration theory
or trophotropism”, in which the placenta
migrates towards the richly vascularised area
with advancing gestation to achieve better
perfusion [7]. Another is the “blastocyst polar-
ity theory”, which hypothesizes that abnormal
cord insertion results from malpositioning of
blastocyst during implantation [8].
Abnormal cord insertion is associated with poor
obstetric outcomes. Increased rates of fetal
malformation, low birth weight, preterm labor,
fetal growth restriction, vasa previa, low APGAR
(appearance, pulse, grimace, activity and respi-
ratory rate) scores and intrapartum complica-
tions have been noted with velamentous cord
insertions [7,9,10]. In velamentous cord inser-
tion, umbilical vessels are inserted into the
membranes, therefore these vessels lack the
protection of Wharton’s jelly and are prone to
rupture and/or compression, which results in
acute cessation of umbilical blood flow. Thus
the risk of perinatal death is increased in preg-
nancies with velamentous cord insertions [11].
Various studies suggest that compression of
umbilical vessels reduces cardiac output and
increases the risk of pulmonary complications
after birth [12, 13]. Marginal cord insertion has
also been associated with fetal growth restric-
tion and preterm delivery [9, 14]. Because of
poor obstetric outcomes, evaluation of the
attachment of umbilical cord deserves attention
right from the first trimester. Sonographic visu-
alization of the site of cord insertion becomes
more difficult with advancing gestation; there-
fore, it should be evaluated at 15-20 weeks of
gestation [15, 16].

The purpose of this study was to observe the
variations in the attachment of umbilical cord
in normal and pre-eclamptic pregnancies and to
determine whether the umbilical cord insertion
site could be linked to fetal birth weight.

MATERIALS AND METHODS

The present study was an observational
comparative study, which was carried out in the
Department of Anatomy, Gandhi Medical
College, Bhopal (M.P). A total of 140 placentae
with umbilical cord were collected from
pregnant women delivered in Sultania Zanana
Hospital associated to G.M.C. Bhopal, after
permission from institutional ethics committee.
All mothers were properly explained about the
study and their written consent was taken.
Women were diagnosed with pre-eclampsia if
they had systolic BP > 140mmHg and diastolic
BP > 90mmHg measured on two or more
occasions, at least 4 hrs apart after the 20th
week of gestation with proteinuria. Proteinuria
was considered when there was a urine dipstick
value of at least 1+ (>30mg/dl) on two separate
occasions at least 6 hours apart [17]. On this
basis, subjects were divided into two groups.
Group I consist of placentae obtained from
normal pregnant women (n=70) with gestational
age 37-40 weeks. Group II consist of placentae
obtained from pre-eclamptic women (n=70) of
similar gestational age. Patients with essential
hypertension, diabetes mellitus, anemia, renal
disorders and other illness associated with
pregnancy were excluded from this study.
The mother’s and their neonates identified for
this study were given code numbers and
studied at the hospital. After delivery, fetal birth
weight was recorded. The placentae were
collected soon after their expulsion and washed
in the running tap water to clear all blood.
Distance from the placental margin to the site
of attachment of the umbilical cord was
measured. The attachment of the umbilical cord
on the fetal surface of the placenta was
categorized into central, eccentric, marginal and
velamentous insertion. Central cord insertion
includes the cord, which was inserted into the
center of placenta, whereas cords which were
inserted near the center were included in
eccentric cord insertion. Both central and eccen-
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tric cord insertions were considered as normal
cord insertion [Fig. 1A, B]. Marginal cord inser-
tion includes the cord, which was inserted within
2 cm from placental margin, whereas velamen-
tous cord insertion includes the cord which was
inserted into the membrane rather than placen-
tal mass. Both marginal and velamentous cord
insertions, were considered as abnormal cord
insertion [Fig. 2A, B].
Statistical analysis of data was performed by
using Statistical Package for Social Sciences
(SPSS) version 15.0 (Chicago, IL). The values of
continuous variables were presented as mean
values ± standard deviation. The statistical
significance was analyzed by using Chi-square
test for categorical data. The significance of
differences between group parameters was
considered significant if p < 0.05.
Fig. 1: Showing placenta with normal umbilical cord
(UC) insertion taken from normal pregnancy. A. Showing
central cord insertion in which umbilical cord (UC)
inserted in the center (Cr) of the placenta. B. Showing
eccentric cord insertion in which umbilical cord (UC)
inserted near the center (Cr) of the placenta.

Fig. 2: Showing placenta with abnormal umbilical cord
(UC) insertion taken from pre-eclamptic pregnancy. A.
Showing marginal cord insertion in which umbilical cord
(UC) inserted within 2 cm from the placental edge. B.
Showing velamentous cord insertion in which umbilical
cord (UC), inserted in the membrane (arrow).

found in 27.14% placentae of normal pregnan-
cies. In pre-eclamptic pregnancies, central and
eccentric cord insertions were found in 37.14%
and 34.28% placentae respectively. Marginal
cord insertion was found in 12.86% and 27.14%
placentae of normal and pre-eclamptic pregnan-
cies respectively. Only one case of velamentous
insertion was found in the pre-eclamptic preg-
nancies. Thus the commonest site of insertion
of the umbilical cord in normal pregnancy was
central, whereas in pre-eclamptic pregnancies
commonest sites of insertion of umbilical cord
were central and/or eccentric. We observed that
marginal cord insertions were 2.11 times more
in pre-eclamptic pregnancies as compared to
normal pregnancies. Statistically, the differences
in the attachment of umbilical cord between two
groups were found to be significant [Table-1].

RESULTS
In the present study, central cord insertion was
found in 60% and eccentric cord insertion was

Table 1: Distribution of the insertion of umbilical cord
in normal and pre-eclamptic pregnancies.

Type of insertion Control group 
(n=70)

Pre-eclamptic 
group (n=70)

Central 42 (60%) 26 (37.14%)
Ec-centric 19 (27.14%) 24 (34.28%)
Marginal 9 (12.86%) 19 (27.14%)

Velamentous 0 1 (1.43%)
Total 70 (100%) 70 (100%)

Chi-square (x2) = 8.917, df = 3, p = 0.03, Statistically
significant.
Fig. 3: Comparison of mean fetal birth weight in various
cord insertions.

In our study, mean fetal birth weight was found
2649.07 ± 260.52 grams and 2530.95 ± 215.49
grams in placentae with central and eccentric
cord insertion respectively. Whereas in placen-
tae with marginal and velamentous cord inser-
tion, mean fetal birth weight was found 2296.66
± 273.77 grams and 2150 grams respectively [Fig.
3]. We also observed that 65.52% of placentae
with abnormal cord insertions were associated
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with low fetal birth weight (birth weight less than
2500 grams), while 72.07% of placentae with
normal cord insertions were associated with
fetal birth weight more than 2500 grams. The
relation between umbilical cord insertion on the
placenta and fetal birth weight were found
statistically highly significant [Table-2].
Table 2: Relation between umbilical cord insertion and
fetal birth weight.

<2500 >2500
Normal cord 

insertion*
31 (27.93%) 80 (72.07%) 111 (100%)

Abnormal cord 
insertion**

19 (65.52%) 10 (34.48%) 29           
(100%)

Type of insertion
Fetal birth weight              

(in grams) Total 
(n=140)

Chi-square (x2) = 14.973, df = 1, p = 0.0001, Statistically
highly significant.
* Normal cord insertion includes centric and ec-centric
cord insertions.
** Abnormal cord insertion includes marginal and
velamentous cord insertions.

DISCUSSION

Udainia A. et al., reported that commonest site
of the insertion of the umbilical cord is eccen-
tric in both normal and pre-eclamptic pregnan-
cies [18]. In contrast to above, present study
showed that the commonest site of insertion of
the umbilical cord was central in normal preg-
nancies, whereas, in pre-eclamptic pregnancies,
central and eccentric insertion were found in
almost equal proportion [Table-1]. In our study,
the attachment of umbilical cord was found to
be normal (central/eccentric) in 87.14% placen-
tae of uncomplicated pregnancies. This finding
is consistent with those reported by earlier
observers [19-22] in a manner that central and/
or eccentric cord insertions were the common-
est type of attachment of the umbilical cord on
placenta in uncomplicated pregnancies [Tab-3].
Therefore, these types of cord attachments were
considered as normal cord insertions.
Previous experience of caesarean delivery and
maternal medical conditions i.e. maternal
asthma, gestational diabetes, chronic hyperten-
sion had an increased risk of abnormal cord
insertion [11]. Udainia A. et al., found that as
the severity of pregnancy induced hypertension
increases, insertion of the umbilical cord be-
comes marginal to velamentous in nature [18].

Benirschke K. found that incidence of marginal
cord insertion was 7.9% in singletons and 24.33%
in twins [23], whereas Ebbing C. et al, found the
incidence of marginal cord insertion was 6.3%
in singletons and 10.9% in twins [11]. Although
all subjects in our study were singletons. In this
study, the incidence of marginal cord insertion
was found in 12.86% placentae of normal single-
tons pregnancies [Table-1 & 3], which is higher
as compared to above-mentioned studies, but
is lower to the study done by Di Salvo et al [22],
and Lakshmidevi CK. et al [19] [Table-3]. Rath
G. et al, reported that marginal cord insertion is
associated with hypertensive pregnancies [24].
In the present study, we found that prevalence
of marginal cord insertions was 2.11 times more
in pre-eclamptic pregnancies as compared to
normal pregnancies [Table-1]. This finding is in
concurrence with the findings of Udainia A. et
al [18], and Pretorius DH. et al [15], who had
observed a similar increase in marginal cord
insertion in pre-eclamptic pregnancies. Marginal
cord insertion in a previous pregnancy increases
the risk of velamentous cord insertion in the
subsequent pregnancy and vice versa [11]. In
the present study, the incidence of velamentous
cord insertion was found in 1.43% placentae of
pre-eclamptic pregnancies [Table-1]. This
finding is in-line with the study of Udainia A. et
al. [18], whereas, it differs with the observation
of Monie IW, who reported much higher
frequency (15.3%) of velamentous cord inser-
tions in pregnancy induced hypertension [25].
Abnormalities in the attachment of umbilical
cord on placenta have been associated with a
number of complications in pregnancy i.e. vasa
previa, preterm labor [14, 26]. Previous studies
show the association between the abnormal cord
insertion and fetal malformations [7, 25, 27].
Fetal malformations associated with abnormal
cord insertion are esophageal atresia, spina
bifida, trisomy 21 and congenital heart defect
i.e. ventricular septum defect [7]. An abnormal
cord insertion has also been implicated in the
induction of hypertension and intrauterine
growth restriction (IUGR) [11, 15, 28].
In the present study, we found that the mean
fetal birth weight decreases, as the attachment
of umbilical cord in the placenta shifts from
central to the periphery [Fig-1]. This finding is
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in concurrence with the study done by Udainia
A. et al [18]. We found that abnormal cord
insertion was significantly associated with low
fetal birth weight [Table -2]. This finding is
consistent with those reported by earlier observ-
ers [18, 24]. The vessels density is lower in
placentae with abnormal cord insertion as
compared to those with normal cord insertion,
and the fetal stem vessels may be longer in the
abnormal cord insertion, which would increase
vascular resistance [29, 30]. Therefore, abnor-
mal cord insertion hampers the nutrient trans-
fer to the fetus and may induce fetal growth
restriction. Since pregnancies complicated with
abnormal cord insertions are at great risk for
adverse perinatal outcome, thus various
investigators have suggested that the systemic
identification of the abnormal cord insertion is
an extremely important part of the prenatal
sonographic evaluation [15, 21, 22].

CONCLUSION

Abnormalities in the development and site of
insertion of umbilical cord have potential to
affect fetal health and well-being. Abnormal
insertions of umbilical cords are significantly
associated with pre-eclampsia and these
anomalous cord insertions are also significantly
associated with low fetal birth weight. Mean
fetal birth weight decreases, as the site of
insertion of umbilical cord moves towards the
periphery. Abnormal cord insertion increases the
risk of intrapartum death at term, due to
rupture of the unprotected umbilical vessels
during labor. Therefore, prenatal sonographic
detection of abnormal cord insertion might
offer enough information to justify an increased
focus throughout gestation and prompt
additional care during and after labor.

Table 3: Comparison of distribution of umbilical cord insertion with previous studies in uncomplicated pregnancies.

Normal 
(Central/Eccentric)

Marginal Velamentous Furcated

Donald N. Di Salvo et al [22] Sonography 74.37% 22.22% 7.41% -
Present study Gross study 87.14% 12.86% - -

-

Author’s
Method of 

study

Variations in umbilical cord insertions

Lakshmidevi CK. et al [19] Gross study 78% 20% 2%

-

Reddy VM. et al [20] Gross study 75.45% 16.36% 0.90% 7.27%

Sepulveda W. et al [21] Sonography 92.02% 7.20% 0.75%
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