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Abstract - The umbilical cord is a tube like structure that connects the fetus with the placenta which provides oxygen and 
nutrients to the fetus and removes waste products. Deformities in the development and site of attachment of the umbilical 
cord can affect maternal and fetal well-being. The study was done in 32 placentae which were collected from the Department 
of Obstetrics and Gynaecology Yenepoya Medical College, Mangalore, Karnataka, India, during the period from January 
2017 to June 2017. The study aimed to assess the variations in the placental attachment of umbilical cord and vascular 
pattern of chorionic blood vessels in normal and pre-eclamptic pregnancies, thereby analyse the effect of variations in cord 
insertions on fetal birth weight. In the present study, common site of insertion of umbilical cord was eccentric (62.5%) in 
both pre-eclamptic and normal pregnancies. Marginal attachment of cord was seen in 33% of pre-eclamptic cases and there 
was no marginal cord insertion in normal pregnancies. We found that placentae with marginal cord insertions were 
associated with low fetal birth weight and the magistral type distribution of umbilical vessels was found with marginal cord 
insertion.  
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I. INTRODUCTION 
        
The umbilical cord is a narrow tube like structure, 
which connects the fetus with the fetal surface of 
placenta. The umbilical cord carries oxygenated 
blood and nutrients from the placenta to the fetus and 
carries deoxygenated blood and waste products from 
the fetus to the placenta. The umbilical cord starts 
developing at five weeks after conception which 
becomes increasingly longer until 28th weeks of 
gestation, reaching an average length of 55-65 cm 
with outer amniotic epithelium [1].  Placenta acts as 
mirror which indicates intrauterine status of fetus. It 
is the most precise record of infants prenatal 
experiences. So study of placenta and umbilical cord 
gives clear informations regarding adverse pregnancy 
outcome. According to the vascular pattern of 
placenta is described as of two types, dispersal and 
magistral .In the dispersal type, the umbilical vessels 
undergo consecutive divisions with gently declining 
calibre towards periphery, giving it star pattern, while 
in the magistral type, the umbilical vessels give small 
branches run towards the placental margin without 
marked reduction in calibre, giving it a V pattern [2].  
         
Normally, the umbilical cord is inserted at the centre 
or near the centre (eccentric) of the placenta. Other 
types of attachments of umbilical cord are marginal, 
velamentous and furcate. If the umbilical cord is 
inserted 2 cms from the placental margin ,it is 
considered as marginal insertion .This is associated 
with IUGR, preterm labor and development of 
velamentous type as a result of trophotrophism.In 
velamentous type , the umbilical cord inserts to the 
chorio – amniotic membranes of placenta instead of 

to the placental mass .Hence these vessels lack the 
protection of Wharton’s jelly and more vulnerable to 
breakage or compression , which results in 
interruption of umbilical blood flow [3] . Thus the 
risk of perinatal death is increased in velamentous 
condition. This anomaly is related with low birth 
weight, growth retardation, low APGAR scores, 
abnormal fetal heart patterns and congenital 
anomalies like oesophageal atresia, obstructive 
uropathies, spina bifida, single umbilical artery 
bilobed placenta and trisomy 21. Another type of 
variation is furcate insertion in which umbilical cord 
branch before inserting to the placenta. Furcated 
placentae are more susceptible to early delivery 
because they are heavier, having more voluminous 
villi with more trophoblast and Syncytial knots than 
normal [4]. 
Abnormal cord insertion is connected 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 respiratory 
rate) scores and intrapartum complications have been 
noted with velamentous cord insertions [4]. Because 
of poor obstetric outcomes, assessment of the 
attachment of umbilical cord requires special 
attention from the first trimester.Sonographic 
visualisation of the site of cord insertion becomes 
difficult with advancing gestation, hence it should be 
assessed at 15-20 weeks of gestation [5].The purpose 
of this study was to observe the variations in the 
attachment of umbilical cord and vascular pattern of 
chorionic blood vessels in normal and pre-eclamptic 
pregnancies and to find out whether the abnormal 
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umbilical cord insertion site could be linked to low 
fetal birth weight.  
 
II. MATERIALS AND METHODS  
            
The present study was an observational comparative 
study, which was conducted in the Department of 
Anatomy associated with Department of Pathology 
inYenepoya Medical College, Mangalore, Karnataka, 
India during the period from January 2017 to June 
2017.  A total of 32 placentae with intact umbilical 
cord were collected from the Department of 
Obstetrics and Gynaecology, Yenepoya Medical 
College, Mangalore. Before collecting the specimens 
permission from Institutional ethics committee and 
permission from Head of Department of OBG has 
been taken. All the selected pregnant women were 
clearly described about the study and their written 
consent was taken. The study subjects were divided 
into two groups. Group 1(pre-eclamptic/study group) 
consists of placentae obtained from pre- eclamptic 
women (n=24) with a gestational age of 34-40 weeks. 
Women were diagnosed with pre-eclampsia if they 
had systolic BP ≥140 mm Hg and diastolic BP ≥90 
mm Hg measured on two or more occasions at least 4 
hrs apart after the 20th week of gestation with 
proteinuria in a previously normotensive and non 
proteinuric patient. Proteinuria was defined as there 
was a urine dipstick value of at least 1+ (> 30 mg/dl) 
on two separate occasions at least 6 hrs apart. Group 
2 (control /normal group) consists of placentae 
obtained from normotensive pregnant women (n=8) 
with same gestational age. Control group, included 
cases with normal blood pressure without oedema or 
proteinuria. Patients with chronic hypertension, 
diabetes mellitus, jaundice, anaemia, multiple 

pregnancies, renal and cardiac disorders associated 
with pregnancy were excluded from this study. 
After delivery, fetal birth weight was recorded. The 
placentae were collected immediately after delivery 
and washed in the running tap water to remove all 
blood clots and preserved in 10% formalin. 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 classified into central, eccentric, marginal, 
velamentous and furcate cord insertions. The 
marginal, velamentous and furcate cord insertions 
were regarded as abnormal cord insertions. On the 
basis of distribution of chorionic blood vessels 
placenta was classified in to disperse and magistral 
types. The details were recorded, analysed and 
photographed. Statistical analysis of data was carried 
out by using Statistical Package for Social Sciences 
(SPSS) version 22. The statistical significance was 
analysed by using Chi-square test for categorical data. 
The significance of differences between parameters 
was interpreted significant if p<0.05. 
 
III. RESULTS  
 
The present study included 24 placentae from pre-
eclamptic pregnant women and 8 placentae from 
normal pregnant women. The observations made 
during the course of the study with relevance to 
placental weight, fetal birth weight, mode of 
attachment of umbilical cord, type of distribution of 
umbilical blood vessels, number of umbilical vessels, 
and length of umbilical cord and diameter of 
umbilical cord. All the variables were shown in table 
1. 

 

 
Table 1. Gross features of placentae 

 
In the present study, central cord insertion was found 
in (4.1%) of placentae of pre-eclamptic cases and 

37.5% of placentae of normal pregnancies .Eccentric 
cord insertion was found in 62.5% of placentae of 
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both pre-eclamptic normal pregnancies. Marginal 
cord insertion was found in 27.4% of placentae of 
pre-eclamptic cases and there was no marginal cord 
insertion in normal group. Only one case of 
velamentous cord insertion was found in the pre-
eclamptic subjects. Thus the commonest site of 
insertion of the umbilical cord in pre-eclamptic and 

normal pregnancy was eccentric (Fig 1). We observed 
that eccentric cord insertion was 0.11 times more and 
marginal cord insertion was .025 times more in pre-
eclamptic pregnancies as compared to central cord 
insertion (OR1 = 0.11, 95% CI = .009-1.32) , 
(OR2=.025, 95% CI=.008-.78). 

 

 
Table 11. Relation between insertion of umbilical cord and distribution of chorionic blood vessels of placentae in pre-eclamptic and 

normal subjects 
 
In the present study, two types of vascular pattern 
were observed. Dispersal types of distribution of 
umbilical vessels were found in 66.6% of placentae 
of pre-eclamptic pregnancies and magistral type of 

distribution in 33.3% of placentae of pre-eclamptic 
cases. In control group, only dispersal type of 
distribution was found. 

 

 
Table 111. Relation between attachment of umbilical cord and distribution of chorionic blood vessels on fetal birth weight in pre-

eclamptic and normal pregnancies 
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In pre-eclamptic group, average baby weight was 
3120 grams in central cord insertion, 2413 grams in 
eccentric insertion and 1588 grams in marginal 
insertion. Meanwhile, in control group average baby 
weight was 3102 grams in central cord insertion and 
2580 grams in eccentric insertion. We also observed 
that 33% of placentae with abnormal cord insertion 
were associated with low fetal birth weight (Table 
111). In pre-eclamptic group, average birth weight 
was 2440 grams in dispersal type of distribution of 
umbilical vessels of placentae and in control group it 
was 2800 grams. Average birth weight in magistral 
type of distribution was 1800 grams in pre-eclamptic 
group. We observed that magistral type of 
distribution of chorionic blood vessels was associated 
with low fetal birth weight (Table 11). 
The length of umbilical cord in pre-eclamptic group 
was 26 cm and in normal group it was 28 cm.The 
diameter of umbilical cord was 10 mm and 13 mm in 
study group and control group respectively. The 
number of umbilical vessels in pre-eclamptic and 
control group were same both groups, umbilical cord 
contains one vein and two arteries. There was no 
significant difference between the length, diameter 
and number of umbilical vessels in umbilical cord of 
placentae from pre-eclamptic and normal 
pregnancies. 
 
DISCUSSION  
 
Deformities in the placental attachment of umbilical 
cord have been associated with complications of 
pregnancy and poor fetal outcome due to 
compression of umbilical vessels. These 
complications are also associated with intrauterine 
growth restriction and preterm labor.The  present 
study revealed that commonest site of insertion of the 
umbilical cord was eccentric in pre-eclamptic 
pregnancies and central in normal pregnancies 
[Table-11]. In the present study, we found that 
prevalence of marginal cord insertions was more in 
pre-eclamptic pregnancies as compared to normal 
pregnancies [Table-11]. This finding is in 
simultaneity with the findings of Udaina A et al.,[6]  
and Pretorious DH et al.,[5] who had observed a 
similar increase in marginal cord insertion in a 
previous pregnancy , increases the risk of 
velamentous cord insertion in the subsequent 
pregnancy and vice-versa . Aberle et al., [7] and Garg 
et al.,[8] outlined a lower birth weight in correlation 
with marginal attachment. Udaina A et al.,[6] also 
described that normal site of insertion of the 
umbilical cord is eccentric in both normal and pre-
eclamptic pregnancies. Supporting the above study, 
the present study also revealed that commonest site of 
insertion of the umbilical cord was eccentric in both 
pre-eclamptic and normal pregnancies. Abnormalities 
in the attachment of umbilical cord on placenta have 
been associated with a number of complications in 
pregnancy ie, vasa previa, preterm labor .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 
.This finding is in simultaneity with the findings of 
Udainia A et al.,[6] and Ankit et al.,[3]. We found 
that abnormal cord insertion was appreciably 
associated with low fetal birth weight. 
 
A study by Renjana et al., [9] observed an evident 
relationship between the vascular pattern and fetal 
birth weight. It is higher in magistral pattern than the 
dispersal pattern. Contrary to the above finding the 
present study revealed that fetal birth weight 
decreased significantly in the magistral pattern 
compared to dispersal pattern of umbilical vessels of 
placentae from pre-eclamptic pregnancies. In the 
present study, magistral type of distribution is found 
with marginal attachment of umbilical cord. Boyd 
and Hamilton [10] found that distribution of 
umbilical vessels is determined by cord insertion, as 
magistral type of distribution is found with marginal 
insertion, supports the above finding. 
 
The vessels density was lower in placentae with 
abnormal cord insertion as compared to those with 
normal cord insertion and the fetal stem vessels may 
be larger in the abnormal cord insertion which would 
raise vascular resistance. Therefore abnormal cord 
insertion declines the nutrient transmits to the fetus 
and may cause fetal growth restriction [11]. Hence 
pregnancies complicated with abnormal cord 
insertions are at risk of developing adverse perinatal 
outcome, thus various investigators have suggested 
that the systemic identification of abnormal cord 
insertion is an extremely important part of prenatal 
sonograpghic evaluation. 
 
In the present study, the mean diameter of umbilical 
cord in pre-eclamptic group is 10mm and in control 
group it is 13 mm [Table -2].This is similar to the 
study done by Moore et al., [12]. Regarding the 
number of umbilical vessels, one vein and two 
arteries were found in all the samples of the present 
study which have the similarities with the study of 
Rita et al.,[13]. The present study showed a normal 
cord length in all the cases and doesn’t have any 
significant variation on cord length. 
 
CONCLUSION 
        
The present study indicates that commonest site of 
insertion of umbilical cord in pre-eclamptic 
pregnancies is eccentric type. As the site of insertion 
moves from central to periphery, the fetal birth 
weight reduces remarkably. The magistral type of 
distribution of chorionic blood vessels is significantly 
connected with low baby birth weight. These 
variations in the development and site of attachment 
of umbilical cord have possible affect on fetal health 
and well- being .Abnormal insertions of umbilical 
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cord are significantly linked with pre-eclampsia and 
low fetal birth weight. Therefore early prenatal 
ultrasonographic determinations of these anomalies 
would make an extra care during and after labor. 
Conflicts of interests: None 
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