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ABSTRACT: 

Background:  

 Umbilical cord is of fetal origin and disturbance of blood flow through them 

would affect fetal growth. IUGR is a clinical disorder when the estimated fetal 

weight is below 10th percentile. It is classified into symmetrical, asymmetrical and 

mixed types. IUGR is an outcome caused by several risk factors, mainly maternal, 

placental, fetal, genetic, and other unknown factors. Intrauterine fetal death and 

fetal growth restriction are caused by hyper and moderate coiling of umbilical 

cord. Reduced artery and vein wall-to-lumen ratio has been observed in 

pathological groups such as preeclampsia, fetal growth restriction, fetal distress, 

gestational diabetes, oligohydramnios, and chronic hypertension. 

Methodology  

This study was carried out on 100 samples after taking ethical clearance from the 

institute. After delivery, umbilical cord was cut and fixed in formalin and 

processed for histomorphometry, histopathology, Masson’s trichrome and 

immunohistochemistry. Morphometric analysis was carried out by using Leica 

LAS V4.12 software. Histopathology and immunohistochemistry interpretation 

was carried out with help of two pathologists who were unaware of this study. We 

used Leica/DM 1000-Microscope to view the slides in our study. 
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Summary  

VEGF is an angiogenic factor and its immunoreactivity was less in IUGR when 

compared to normal. Endoglin is an anti-angiogenic factor its immunoreactivity 

was more in IUGR than the normal cord. It suggests that anti-angiogenic activity 

of endoglin interfere with vasculogenesis and inhibits the expression of VEGF. 

NSE expression was more in IUGR when compared to normal and GFAP 

expression was mild in IUGR while it was nil in normal cord. These markers 

indicate the injury of brain in IUGR neonates. Higher cephalization index was 

observed in IUGR shows brain injury. Neonatal weight, CAN score are less in 

IUGR which confirms the undernutrition.  

NICU admission, fetal distress, still birth amount of liquor was more in IUGR 

when compared to normal and showed statistical significance in our study. All the 

histological parameters were less in cases when compared to normal. This might be 

the reason for reduced size of vessels and diminished blood flow to fetus. Only 

venous dilatation and Whartons jelly oedema was observed in IUGR cords. No 

significance was observed when immunomarker are correlated to 

histomorphometry and histopathology. Endoglin showed significant negative 

correlation with cephalization index. 

Keywords: umbilical cord, intrauterine growth restriction, immunohistochemistry, 

CAN score, cephalization index, brain injury 

 



x  

TABLE OF CONTENTS 

 
CHAPTER NO.  TITLE PAGE NO 

 ABSTRACT 

LIST OF TABLES 

LIST OF FIGURES 

LIST OF GRAPHS 

ABBREVIATIONS 

 xix - xx 

xxiii 

xxiv 

xxv 

xxvi - xxviii 

 

 

 

  

1 INTRODUCTION 

    1.1: General background 

    1.2: Intrauterine or Fetal Growth Restriction 

    1.3: Umbilical cord 

    1.4: Antenatal diagnosis 

    1.5: Research problem 

1-12 

1 

2 

8 

11 

12 

 

2 AIM AND OBJECTIVES 13 

3 REVIEW OF LITERATURE 

    3.1: Growth pattern in normal fetus 

    3.2 Growth pattern in IUGR fetus 

    3.3: Histoarchitecture of normal UC  

    3.4: Types of histotechniques 

    3.5: Application of IHC 

    3.6: Markers for detecting IUGR 

    3.7: Outcome of IUGR pregnancy 

    3.8: Nutritional status of neonate  

14-27 

14 

15 

15 

17 

18 

19 

23 

25 

 
 

 

 

 

 

 

 

 



xi  

CHAPTER NO.  TITLE PAGE NO 

4 MATERIAL AND METHODS 

    4.1: Study type and setting 

    4.2: Participant selection procedure 

    4.3: Sampling groups 

    4.4: Sample size 

    4.5: Method of data collection 

    4.6: UC sample procurement & preservation 

    4.7: Histotechnique 

    4.8: Staining procedure 

    4.9: Masson’s trichrome staining 

    4.10: IHC procedure 

    4.11: Interpretation of IHC results 

28-51 

28 

29 

29 

30 

31 

36 

36 

40 

42 

43 

49 

5 RESULTS 52-85 

6 DISCUSSION 86-100 

7 SUMMARY AND CONCLUSION 101-103 

8 REFERENCES 104-131 

9 APPENDICES  

    Ethical clearance certificate  

    Informed consent form & case record proforma 

    List of publications and presentations  

    Curriculum vitae 

    Plagiarism report and undertaking 

132-173 

132 

133- 137 

138-170 

171 

172-173 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii  

 

 

LIST OF TABLES 

 
SL NO TITLE PAGE NO 

1 Assessment of nutritional status through CAN Score 33-34 

2 Demographic characteristics of study participants 52 

3 Association of neonatal outcome between normal and IUGR 54 

4 Comparison of neonatal weight between normal and IUGR 56 

5 Comparison of CI between normal and IUGR 57 

6 Comparison of CAN score between normal and IUGR  58 

7 Comparison of UC histomorphometry between normal and IUGR  60 

8 Association of UC histopathology between normal and IUGR  64 

9 Comparison of vascular markers between normal and IUGR UC 69 

10 Comparison of neuronal markers between normal and IUGR UC 74 

11 Correlation of immunomarkers with CAN score between IUGR 

and normal.   

79 

12 Correlation of immunomarkers with demographic data and 

neonatal weight 

80 

13 Correlation between CI and CAN score  81 

14  Correlation of immunomarkers with CI in normal and IUGR 81 

15 Correlation of immunomarkers with histomorphometry 83 

16 Comparison of immunomarkers with Whartons’s jelly oedema. 84 

17 Comparison of immunomarkers with venous dilatation. 85 

18 Mean of UC blood vessels in present study and its comparison 

with other authors. 

89 

19 Mean wall thickness of UC by various authors 90 



xiii  

 

LIST OF FIGURES 

 

SL. NO TITLE PAGE NO 

1 Neonatal anthropometry 35 

2 UC with placenta and fixation of cord in formalin 37 

3 paraffin block and microtomy 39 

4 Solutions for H & E staining, procedure 41 

5 Embedding & section cutting for IHC 45 

6 IHC slide box (positively charged) 46 

7 Antigen retrieval (Montage Opus Pressure Cooker) 46 

8 PAP pen 47 

9 Primary antibodies 47 

10 IHC – staining procedure 48 

11 Evaluation of CAN score 59 

12 Histomorphometry of UC in normal and IUGR  62,63 

13 Wharton’s jelly oedema in IUGR 66 

14 Venous dilatation in IUGR 67 

15 Masson’s trichrome staining 68 

16 a) Immuno expression of VEGF in normal UC  

      b)Immuno expression of VEGF in IUGR UC  

70 

71 

17 a) Immunoexpression of endoglin in normal UC 

b) Immunoexpression of endoglin in IUGR UC 

72 

73 

18     a)  Immunoexpression of GFAP in normal UC 

   b) Immunoexpression of GFAP in IUGR UC 

75 

76 

19 a) Immunoexpression of NSE in normal UC 

b) Immunoexpression of NSE in IUGR UC 

77 

78 



xiv  

 

LIST OF GRAPHS 
 

 

SL .NO TITLE PAGE NO 

1 Distribution of demographic data between normal and IUGR 53 

2 Neonatal outcome between normal and IUGR  55 

3 Neonatal weight between normal and IUGR 56 

4 CI between and normal and IUGR 57 

5 CAN score between normal and IUGR 58 

6 Histomorphometry of UC between normal and IUGR 61 

7 Histopathology of UC between normal and IUGR 65 

8 Immunoreactivity of vascular markers between normal and IUGR 69 

9 Immunoreactivity of neuronal markers between normal and IUGR 74 

10 Scatter diagram showing relation between CI and endoglin 82 

11 Comparison of WJ oedema with immunomarkers 84 

12 Comparison of immunomarkers with venous dilatation 85 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xv  

 

ABBREVATIONS 

 

8OHdG - 8hydroxy 2`deoxyguanosine  

 Ab - antibody 

 AC - abdominal circumference 

 Ag - antigen 

 B.Wt - Birth weight 

 BI - Brain injury 

 BMI - Body Mass Index 

 CAN - Clinical Assessment of Nutrition 

 CC-  Chest circumference 

 cfDNA - Cell free DNA 

 CI - Cephalization index 

 CNS - central nervous system 

 Conc - Concentration 

 ECF- Extra cellular fluid 

 FGR - Fetal growth restriction  

 FM - Fetal malnutrition 

 FW - Fetal weight 

 GD - Gestational diabetes 

 GF - Growth factor 



xvi  

 GFAP- Glial fibrillary acidic protein 

 GH - Growth hormone 

 HC - Head circumference 

 HIF1 α - Hypoxia inducing factor 1α  

 HTN- Hypertension 

 IGF - Insulin like growth factor 

 IHC - Immunohistochemistry  

 IUD - Intrauterine death 

 IUFD - Intrauterine fetal death 

 IUGR - Intrauterine growth restriction  

 IVH - Intraventricular hemorrhage 

 MAC - Midarm circumference 

 MMP2 - Matrix metalloproteinase2 

 MSCs - Mesenchymal stem cell 

 NEC - Necrotizing enterocolitis 

 NICU - Neonatal intensive care unit 

 NIM - Neuronal injury marker 

 NSE - Neuron specific enolase 

 PE - Preeclampsia 

 PI - Ponderal index 



xvii  

 PLCT -  Placenta 

 PLGF – Placental growth factor 

 PT - Preterm  

 Ref1 - Redox factor 1  

 sEGFR - Soluble epidermal growth factor receptor 

 sEng - sEndoglin 

 sFlt1 - soluble fms like tyrosine kinase1 

 SMC - Smooth muscle cell 

 UA - Umbilical artery 

 UC - Umbilical cord 

 UPVP - Uteroplacental vascular pathology 

 USG - Ultrasonography 

 UV - Umbilical vein 

 VEGF - Vascular endothelial growth factor. 

 WJ - Wharton’s jelly 

 Wt - Weight 

  

 


