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            Abstract

            
               
Objective: To determine whether the antenatal assessment of CSA of umbilical cord variables is different in PIH compared with healthy
                  pregnant women by using ultrasonography and to assess its relationship with gestational age.
               

               Materials and Methods: This study was conducted in the Department of Radio-diagnosis, Sri Siddhartha Medical College, among 600 (300 normal &300
                  PIH) pregnant women who underwent a routine prenatal gestational sonogram ranging from 28 to 39 weeks of age.

               Results: There was a significant difference observed between two groups in all umbilical cord variables except umbilical artery area.
                  Mean ± S.D of the CSA of the umbilical cord variables for each gestational age were studied in normal and PIH women.
               

               We found that the mean value of UCA and WJA was increased till 36 weeks then it decline sharply in the normal group whereas
                  in PIH group, the mean value of UCA increases till 36 weeks then it attain plateau and the mean value of WJA increases even
                  after 36 weeks. 
               

               Conclusions: Our study was first of its kind to document the CSA of UC variables and their growth pattern according to gestation age, which
                  can be used as an informational basis for both normal and PIH pregnant women.
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               Introduction

            Various components impact the prosperity of the feto-maternal flow, specifically the umbilical cord (UC), which associates
               the developing fetus to the placenta. The altered structure and metabolism of the UC have been associated with pregnancy-related
               complications such as pregnancy-induced hypertension (PIH), preeclampsia, diabetes, intrauterine growth retardation (IUGR)
               and fetal distress.1, 2, 3, 4 
            

            In recent decades, routine antenatal ultrasonography is commonly used in the assessment of anthropometric measurement of fetus
               and placenta and also to detect intrauterine growth retardation (IUGR) and congenital anomalies. Various criteria and biochemical
               tests were used in high-risk population screening and fetal weight prediction to minimize perinatal complications. Yet women
               with high-risk pregnancies like the hypertensive disorder of pregnancy and diabetes mellitus were showing an increased incidence
               of maternal and fetal morbidity.
            

            Recent research has shown that in normal and abnormal foetal development, the umbilical cord itself plays an important role.5 The existence of a thin or thick cord is associated with adverse maternal-fetal consequences.6, 7, 8 In order to find any association between the umbilical cord cross-sectional area (UCA) and fetal outcomes, it is important
               to know its reference ranges for cross-sectional areas (CSA) of umbilical cord and its components during gestation. 
            

            There is enough information in previous studies about the normal pattern of growth of the area of UC variables for different
               gestational age.1, 2, 4, 6, 9, 10 But there is paucity in literature regarding the pattern of growth of the area of UC variables in PIH UC for different gestational
               age. Therefore, we undertook the study to evaluate the CSA of UC variables in normal and PIH women based on different gestational
               age. 
            

         

         
               Materials and Methods

            
                  Study design

               After obtaining approval from the ethical committee and informed consent from the patients, the study was conducted for a
                  period of four years from January 2015 to November 2018. This cross-sectional research was performed in the Department of
                  Radiology, Sri Siddhartha Medical College, Tumkur, in 300 normal and 300 PIH pregnant women who underwent routine ultrasound.
                  The area of umbilical cord variables was taken in the third trimester, between 28th and 39 weeks of gestation. Measurements were obtained by using ultrasonography at the level of the section immediately adjacent
                  to umbilical cord insertion into the fetal abdomen.4

            

            
                  Study population

               300 pregnant women with normal blood pressure without oedema or proteinuria were included in the study as Normal group while
                  300 antenatal women with blood pressure >140/90 mmHg after 20 weeks of gestation were considered as PIH group. We undertook
                  the study to evaluate the CSA of UC variables in normal and PIH women based on different gestational age. The gestational
                  age was further divided into 4 groups: 28-30 weeks (wks), 31-33 wks, 34-36 wks, and 37-39 wks. Pregnant women with co-morbid
                  conditions (e.g. gestational diabetes, chronic high blood pressure, IUGR, oligohydramnios, polyhydramnios, and intrauterine
                  death) were the exclusion criteria.
               

            

            
                  Data collection

               The measurements of all parameters were performed on a GE voluslon pro730 ultrasonic system by a single operator. All patients
                  were scanned in a semi-recumbent position. To avoid interobserver variability, each ultrasound scrutiny was carried out by
                  the same individual.
               

            

            
                  Statistical analysis

               The data was analyzed by version 16.0 of the SPSS programme (SPSS Inc., Chicago, III., USA). The quantitative data were analyzed
                  descriptively by means of frequencies, means and standard deviation. The significance of study parameters between three or
                  more independent groups has been identified using Anova and between two groups by using the student “t” test. A p-value <
                  0.05 was found to be statistically significant.
               

            

         

         
               Results

            This study consists of 600 subjects (300 normal pregnant women and 300 PIH women) whose gestational age between 28-39 weeks
               was evaluated. The results were analyzed based on the following data: a) CSA of umbilical cord (UCA) b) CSA of umbilical Artery
               (UAA) c) CSA of umbilical vein (UVA) d) CSA of Wharton’s Jelly (WJA).
            

            
                  
                  Table 1

                  Descriptive statistics of UC components area between the study groups

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                           
                               (cm2)
                              
                           

                           
                        
                        	
                              
                           
                           
                              Normal group (n=300)
                              
                           

                           
                        
                        	
                              
                           
                           
                              PIH group (n=300)
                              
                           

                           
                        
                        	
                              
                           
                           
                              t value
                              
                           

                           
                        
                        	
                              
                           
                           
                              P value
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                           Std. Deviation

                           
                        
                        	
                              
                           
                           Mean

                           
                        
                        	
                              
                           
                           Std. Deviation

                           
                        
                     

                     
                           	
                              
                           
                           UCA

                           
                        
                        	
                              
                           
                           1.76

                           
                        
                        	
                              
                           
                           0.38

                           
                        
                        	
                              
                           
                           1.63

                           
                        
                        	
                              
                           
                           0.37

                           
                        
                        	
                              
                           
                           20.11

                           
                        
                        	
                              
                           
                           0.000*

                           
                        
                     

                     
                           	
                              
                           
                           UAA

                           
                        
                        	
                              
                           
                           0.15

                           
                        
                        	
                              
                           
                           0.06

                           
                        
                        	
                              
                           
                           0.16

                           
                        
                        	
                              
                           
                           0.08

                           
                        
                        	
                              
                           
                           0.405

                           
                        
                        	
                              
                           
                           0.525

                           
                        
                     

                     
                           	
                              
                           
                           UVA

                           
                        
                        	
                              
                           
                           0.56

                           
                        
                        	
                              
                           
                           0.14

                           
                        
                        	
                              
                           
                           0.52

                           
                        
                        	
                              
                           
                           0.18

                           
                        
                        	
                              
                           
                           8.673

                           
                        
                        	
                              
                           
                           0.003*

                           
                        
                     

                     
                           	
                              
                           
                           WJA

                           
                        
                        	
                              
                           
                           0.90

                           
                        
                        	
                              
                           
                           0.33

                           
                        
                        	
                              
                           
                           0.80

                           
                        
                        	
                              
                           
                           0.29

                           
                        
                        	
                              
                           
                           18.60

                           
                        
                        	
                              
                           
                           0.000*

                           
                        
                     

                  
               

               

            

            

            

            The mean area of umbilical cord components between the study groups indicates that there is a steady decrease in the size
               of UCA and its components in PIH women relative to normal pregnant women except UAA (Table  1).
            

            Table  2, Table  3 shows the mean ± S.D of the measurements for the cross-sectional area of the umbilical cord components for each gestational
               age (GA) in the normal and PIH group respectively.
            

            

            
                  
                  Table 2

                  Cross-sectional area of umbilical cord components based on gestational age distribution in normal group

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                           
                              (cm2)
                              
                           

                           
                        
                        	
                              
                           
                           Gestational age distribution 
                           

                           
                        
                        	
                              
                           
                           P value 
                           

                           
                        
                     

                     
                           	
                              
                           
                           28-30 wks

                           
                           (n =33)

                           
                        
                        	
                              
                           
                           31-33 wks

                           
                           (n =50)

                           
                        
                        	
                              
                           
                           34-36 wks

                           
                           (n =156)

                           
                        
                        	
                              
                           
                           37-39 wks

                           
                           (n =61)

                           
                        
                     

                     
                           	
                              
                           
                            Mean ± S.D

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                     

                     
                           	
                              
                           
                           UCA 

                           
                        
                        	
                              
                           
                           1.60 ± 0.23

                           
                        
                        	
                              
                           
                           1.77 ± 0.36

                           
                        
                        	
                              
                           
                           1.82 ± 0.38

                           
                        
                        	
                              
                           
                           1.65 ± 0.44

                           
                        
                        	
                              
                           
                           0.002* 

                           
                        
                     

                     
                           	
                              
                           
                           UAA 

                           
                        
                        	
                              
                           
                           0.14 ± 0.04

                           
                        
                        	
                              
                           
                           0.13 ± 0.06

                           
                        
                        	
                              
                           
                           0.16 ± 0.06

                           
                        
                        	
                              
                           
                           0.15 ± 0.06

                           
                        
                        	
                              
                           
                           0.037* 

                           
                        
                     

                     
                           	
                              
                           
                           UVA 

                           
                        
                        	
                              
                           
                           0.52 ± 0.11

                           
                        
                        	
                              
                           
                           0.55 ± 0.10

                           
                        
                        	
                              
                           
                           0.56 ± 0.15

                           
                        
                        	
                              
                           
                           0.57 ± 0.16

                           
                        
                        	
                              
                           
                           0.407

                           
                        
                     

                     
                           	
                              
                           
                           WJA 

                           
                        
                        	
                              
                           
                           0.81 ± 0.19

                           
                        
                        	
                              
                           
                           0.95 ± 0.32

                           
                        
                        	
                              
                           
                           0.95 ± 0.34

                           
                        
                        	
                              
                           
                           0.80 ± 0.33

                           
                        
                        	
                              
                           
                           0.004*

                           
                        
                     

                  
               

            

            

            
                  
                  Table 3

                  Cross-sectional area of umbilical cord components based on Gestational age distribution in PIH group
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Variables
                              
                           

                           
                        
                        	
                              
                           
                           Gestational age distribution 
                           

                           
                        
                        	
                              
                           
                           P value 
                           

                           
                        
                     

                     
                           	
                              
                           
                           28-30 wks

                           
                           (n =73)

                           
                        
                        	
                              
                           
                           31-33 wks

                           
                           (n =95)

                           
                        
                        	
                              
                           
                           34-36 wks

                           
                           (n =103)

                           
                        
                        	
                              
                           
                           37-39 wks

                           
                           (n =29)

                           
                        
                     

                     
                           	
                              
                           
                           Mean ± S.D 

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                        	
                              
                           
                           Mean ± S.D 

                           
                        
                     

                     
                           	
                              
                           
                           UCA 

                           
                        
                        	
                              
                           
                           1.40 ± 0.39

                           
                        
                        	
                              
                           
                           1.61 ± 0.34

                           
                        
                        	
                              
                           
                           1.75 ± 0.35

                           
                        
                        	
                              
                           
                           1.75 ± 0.11

                           
                        
                        	
                              
                           
                           0.002* 

                           
                        
                     

                     
                           	
                              
                           
                           UAA 

                           
                        
                        	
                              
                           
                           0.15 ± 0.09

                           
                        
                        	
                              
                           
                           0.16 ± 0.06

                           
                        
                        	
                              
                           
                           0.17 ± 0.10

                           
                        
                        	
                              
                           
                           0.13 ± 0.04

                           
                        
                        	
                              
                           
                           0.004*

                           
                        
                     

                     
                           	
                              
                           
                           UVA 

                           
                        
                        	
                              
                           
                           0.46 ± 0.20

                           
                        
                        	
                              
                           
                           0.54 ± 0.21

                           
                        
                        	
                              
                           
                           0.55 ± 0.14

                           
                        
                        	
                              
                           
                           0.48 ± 0.15

                           
                        
                        	
                              
                           
                           0.006*

                           
                        
                     

                     
                           	
                              
                           
                           WJA 

                           
                        
                        	
                              
                           
                           0.65 ± 0.30

                           
                        
                        	
                              
                           
                           0.75 ± 0.25

                           
                        
                        	
                              
                           
                           0.88 ± 0.26

                           
                        
                        	
                              
                           
                           0.99 ± 0.24

                           
                        
                        	
                              
                           
                           0.004*

                           
                        
                     

                  
               

               

            

            

         

         
               Discussion

            The current study analyzed in normal pregnancy and the effects of PIH on the area of UC and its components for different gestational
               age, utilizing sonographic cross-section. The following results points should be emphasized.
            

            It has been observed that the size of the UCA in PIH women has steadily decreased. In PIH group, UCA was substantially smaller
               than uncomplicated pregnancies (t = 20.109, p = 0.000). This finding is consistent with results from previous studies performed
               either ultrasonographically or at histological examination. Our observation is in concordance with Raio et al. who conducted
               a case control study to determine and correlate the morphometry of umbilical cord in normal and preeclamptic pregnant women
               by using ultrasonography. Raio et al. (2012) reported that the UCA was reduced in Preeclamptic women (158 mm2) compared to controls (196 mm2).11

            Inan et al (2002) conducted a histo-morphological study on preeclamptic umbilical cord with normal and pathological Doppler
               FVW. There is an evident reduction in the wall thickness of the vessels along with reduction of the total cord area and total
               vessel area in preeclampsia. They also witnessed that these changes are more predominant in pathological Doppler FVW, which
               is suggestive of a hypoplastic mechanism.12 Similarly, Barnwal et al. (2012) conducted a histological study and stated that the UC of preeclamptic women (51.56 mm2) was characterized by a reduction of the total cord area in comparison with Normotensive women (47.05 mm2).13 
            

            The difference in the size of the UC in the above said studies may be due to variation in the method of sample collection
               technique and measurements. Comparison of the mean UC variables in different studies was given in Table  4.
            

            
                  
                  Table 4

                  Comparison of Mean UC variables in different studies

               

               
                     
                        
                           	
                              
                           
                           
                              UC Variables
                              
                           

                           
                        
                        	
                              
                           
                            Raio,11 Italy, 2002

                           
                        
                        	
                              
                           
                           
                              Inan,12   Turkey,
                               2002
                              
                           

                           
                        
                        	
                              
                           
                           
                              Barnwal,13 India,
                               2012
                              
                           

                           
                        
                        	
                              
                           
                           
                              Blanco 
                              M.V14  Argentina, 2011
                              
                           

                           
                        
                        	
                              
                           
                           
                              Present Study
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           UCA-Normal

                           
                        
                        	
                              
                           
                            196

                           
                        
                        	
                              
                           
                            63.58

                           
                        
                        	
                              
                           
                            51.56

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            1.76

                           
                        
                     

                     
                           	
                              
                           
                           UCA- PIH

                           
                        
                        	
                              
                           
                            158*

                           
                        
                        	
                              
                           
                            41.84*

                           
                        
                        	
                              
                           
                            47.05

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            1.63*

                           
                        
                     

                     
                           	
                              
                           
                           UAA-Normal

                           
                        
                        	
                              
                           
                            7.1

                           
                        
                        	
                              
                           
                            2.97

                           
                        
                        	
                              
                           
                            2.09

                           
                        
                        	
                              
                           
                            56.6

                           
                        
                        	
                              
                           
                            0.15

                           
                        
                     

                     
                           	
                              
                           
                           UAA- PIH

                           
                        
                        	
                              
                           
                            6.6

                           
                        
                        	
                              
                           
                            2.06*

                           
                        
                        	
                              
                           
                            2.66

                           
                        
                        	
                              
                           
                            116.4*

                           
                        
                        	
                              
                           
                            0.16

                           
                        
                     

                     
                           	
                              
                           
                           UVA-Normal

                           
                        
                        	
                              
                           
                            37.4

                           
                        
                        	
                              
                           
                            6.28

                           
                        
                        	
                              
                           
                            4.61

                           
                        
                        	
                              
                           
                            109.8

                           
                        
                        	
                              
                           
                            0.56

                           
                        
                     

                     
                           	
                              
                           
                           UVA-PIH

                           
                        
                        	
                              
                           
                            29.2*

                           
                        
                        	
                              
                           
                            2.51*

                           
                        
                        	
                              
                           
                            9.51*

                           
                        
                        	
                              
                           
                            155.9

                           
                        
                        	
                              
                           
                            0.52*

                           
                        
                     

                     
                           	
                              
                           
                           WJA- Normal

                           
                        
                        	
                              
                           
                            138.7

                           
                        
                        	
                              
                           
                            51.37

                           
                        
                        	
                              
                           
                            42.27

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            0.90

                           
                        
                     

                     
                           	
                              
                           
                           WJA- PIH

                           
                        
                        	
                              
                           
                            105.8*

                           
                        
                        	
                              
                           
                            35.22*

                           
                        
                        	
                              
                           
                            32.11*

                           
                        
                        	
                              
                           
                            -

                           
                        
                        	
                              
                           
                            0.80*

                           
                        
                     

                  
               

               

            

            

            In the present study, the mean cross-sectional area of UV had significantly smaller in PIH women as compared to the normal
               group. Our finding is in agreement with the findings of previous studies conducted by Raio et al and Inan et al.11, 12 But on contrary, Barnwal et al and Blanco et al recorded that the mean UVA was higher in preeclamptic group than the control
               group.13, 14 No significant difference was observed in the area of UA, though there is slight increase in the area of in PIH women than
               normal pregnant women.
            

            To keep transmural pressure constant in case of preeclampsia, there is an obvious increase of compliance in the umbilical
               artery due to an increase in intraluminal pressure where as in umbilical vein, there is an apparent decrease of compliance
               due to a reduction in the intraluminal pressure.12, 15, 16

            In the extensive review of literature, we found a few nomograms of CSA of UC variables for different gestational age. There
               is enough information in previous studies about the normal pattern of growth of the area of UC variables for different gestational
               age. Raio et al. conducted a sonological study to compare the mean cross-sectional area of UC in preeclamptic women and in
               Normotensive pregnancies. He concluded that his results follow the usual reported trend of the normotensive having larger
               values than the preeclamptic women.11 But there is paucity in literature regarding the pattern of growth of the area of UC variables in PIH UC for different gestational
               age. Therefore, we undertook the study to evaluate the CSA of UC variables in normal and PIH women based on different gestational
               age. 
            

            We included the women whose gestational age was between 28-40 weeks of a normal pregnancy and PIH women. We further disturbed
               the gestational age into 4 groups as 28-30 weeks, 31-33 weeks, 34-36 weeks, and 37-39 weeks.
            

            In the present study, we observed that the mean value of UCA and WJA is increased till 36 weeks then it decline sharply in
               the normal group whereas in the PIH group, the mean value of UCA increases till 36 weeks then it attains plateau and the mean
               value of WJA increases even after 36 weeks. A statistically significant correlation was observed between UCA and gestational
               age (GA), WJA and gestational age (GA) in both the normal and PIH group (Figure  2, Figure  1).
            

            
                  
                  Figure 1

                  Distribution of UCA according to gestational age between the study groups

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/80d7eed4-9d3b-4c2b-a8d8-95a7783e30d7/image/0d7fa1d2-2a8f-42ac-a7a6-887dc253861f-uimage.png]

            

            

            
                  
                  Figure 2

                  Distribution of WJA according to gestational age between the study groups

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/80d7eed4-9d3b-4c2b-a8d8-95a7783e30d7/image/5034fdbf-4e7f-434c-bea2-9858f6d4eeea-uimage.png]

            

            We observed that the mean value of UAA is increased till 36 weeks then it decline sharply in both normal and PIH group. A
               statistically significant correlation was observed between cross-sectional area of the umbilical artery and gestational age
               (GA) in both the normal and PIH group (Figure  3).
            

            
                  
                  Figure 3

                  Distribution of UAA according to gestational age between the study groups

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/4229c9c7-50b4-434a-9ece-fd44e8ad4312image3.jpeg]

            In the mean value of UVA, we observed that there is an increased in the size of UVA till term in the normal group whereas
               in the PIH group, it increases till 36 weeks then it decline which is statistically significant (Figure  4).
            

            
                  
                  Figure 4

                  Distribution of UVA according to gestational age between the study groups

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/80d7eed4-9d3b-4c2b-a8d8-95a7783e30d7/image/ab5c903c-2018-4fcf-a0df-bff68124f06d-uimage.png]

            

            We have noticed that the UC variables show significant changes after the 36th weeks in both the normal and PIH group. So, it advisable for sonologist and obstetricians to have an extra care while measuring
               the UC variables during or after 36 weeks, which may be an alarming weeks in case of PIH or IUGR.
            

         

         
               Conclusion

            Our study was the first of its kind to report the references value and growth pattern of the cross-sectional area of UC variables
               that can serve as an informative database of Indian fetuses in both normal and PIH pregnant women. It may improve the predication
               of adverse perinatal outcomes particularly during or after a gestation period of 36 weeks. In order to further explore the
               possible role of umbilical cord variables in the assessment and follow-up of high-risk pregnancies, larger-scale research
               needs to be carried out.
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