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ABSTRACT: 

Title of the topic: EFFECTS OF UMBILICAL CORD MILKING ON 

HAEMATOLOGICAL PARAMETERS IN TERM NEONATES A CASE CONTROL 

STUDY IN TERTIARY CARE HOSPITAL 

 

INTRODUCTION: 

Placental transfusion is additional volume of blood transferred to the baby during birth. A new-

born who receives placental transfusion at birth obtains 30% more blood volume than the 

newborn whose cord is cut immediately (Immediate Cord Clamping). Receiving an adequate 

blood volume from placental transfusion at birth may be protective for the distressed neonates. 

Delayed cord clamping (defined as clamping till cessation of pulsations or up to 60-180 

seconds) leads to improvement in levels of HB (haemoglobin) and PCV (haematocrit) at 6 

weeks of age. However, universal application is limited due to concerns for the risk of 

hypothermia, and delay in initiation of routine care and resuscitation if required. Umbilical 

cord milking (pushing the blood toward the infant at least four times), on the other hand, 

involves milking the entire contents of the umbilical cord towards the baby with in 20seconds. 

UCM can be used in deliveries where DCC is not feasible. 

 

OBJECTIVE:  

1) Comparison of UCM and DCC on following hematological parameters in term 

neonates  

➢ Cord Hemoglobin at birth. 

➢ Hemoglobin (Hb), Hematocrit (Hct) and Bilirubin (Total and direct bilirubin) at 48 

hours of life. 
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2) To compare Hb and ferritin levels of infants born with UCM to that of DCC at 6 weeks 

of age. 

 

Methods and analysis: In this study all the term neonates delivered by normal vaginal delivery 

and elective LSCS (lower segment caesarean section) underwent, those born by MSAF or 

Emergency LSCS or non-vigorous neonates in whom DCC is not recommended underwent. 

After exclusion of babies with exclusion criteria and loss of follow-up cases, total 56 cases 

were followed up at 6 weeks in DCC group and 56 cases in UCM group. Cord Hb at birth, Hb, 

PCV and bilirubin sent at 48 hours. And during 6th week vaccination follow-up   Hb and serum 

ferritin was estimated in both groups. These parameters were compared between two groups. 

Results: At 48 hours, mean haemoglobin is 18.75 and 19.38 in DCC and UCM group 

respectively (Mean difference=0.63, p=0.0693). Mean haematocrit is 52.20 and 53.94 (Mean 

difference=1.74, p=0500), Mean total bilirubin levels is 11.56 and 10.39 (mean 

difference=1.18, p=0.0339). Mean Hb at 6 weeks is 11.37 in DCC group and 11.61 in UCM 

group with mean difference of 0.24. And mean serum ferritin at 6 weeks is 207.2 and 252.63 

in DCC group and UCM group respectively. Mean difference of 45.39 and p value 0.0233. No 

increase in incidence of neonatal jaundice or polycythaemia noted in both groups  

Conclusion: Both the methods of placental transfusions are equally effective and comparable 

benefit on haematological parameters in full term neonates at 48 hours of life and at 6weeks of 

follow-up. 

Keywords:  Placental Transfusion, Anaemia, cord milking, Delayed clamping
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INTRODUCTION: 

Anaemia is a major public health problem affecting 1.62 billion people around the world 1. 

In developed nations, the prevalence of anaemia is about 9%, in developing countries it is 

43%. The most vulnerable are children and women of reproductive age, with global anaemia 

prevalence estimates of 47 percent in children under the age of five years(293 million), 42 

percent in pregnant women, and 30 percent in non-pregnant women of age group between 

15–49 years 2. 

According to the World Health Organization, iron deficiency anaemia(IDA) is one among 

the ten most important factors contributing to the global burden of diseases, and it increases 

morbidity and mortality among young children and pregnant women 3,1 

It is estimated that 30–50% of the global population has iron-deficiency anaemia (IDA), and 

most of these individuals live in developing countries. In the United States, 8–14% of 

children aged 12-36 month are iron deficient, and 30% of this group progresses to iron-

deficiency anaemia 1, 4. In India, the National Family Health survey III showed that 70% of 

the children below 5years of age are anaemia 5. 

The age groups most susceptible to iron deficiency anaemia include pregnant women and 

young children, as during pregnancy and early childhood, iron requirements are increased. 

During the first year of life, iron is needed for growth and normal brain development 6,7 

Iron deficiency anaemia of infancy is linked to poor cognitive, physical, social, and emotional 

outcomes. The most important finding regarding iron deficiency anaemia during infancy is 

that, its consequences are usually permanent and do not improve following iron 

supplementation 6. The life-long, irreversible effects of iron deficiency anaemia during 

infancy highlight the notion that preventing iron deficiency anaemia is better than treating it, 

especially during infancy and early childhood 8. 
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Iron reserves at birth determines the iron status during infancy and early childhood. Hence 

any interventions that enhance the total body's iron stores at birth are important 9 

The placenta is an organic connection between the foetus and the uterine wall that allows for 

physiological exchange of blood between the foetus and the mother. The umbilical cord 

connects the placenta to the foetus and serves as a lifeline. It contains umbilical arteries and 

veins that bring blood from the newborn to the placenta and from the placenta to the infant. 

 

Figure 1. Showing umbilical cord connection between baby and the mother. 

 

Blood continues to flow through umbilical arteries (from the newborn to the placenta) for 

around 20-25 seconds after delivery, and then becomes negligible by 45 seconds. Blood 
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continues to flow from the placenta to the newborn in the umbilical vein for up to 3 minutes 

after delivery 10, 11 

 

Placental transfusion refers to the transfusion of excess blood volume from the placenta to 

the neonate through the umbilical vein after birth 12. A newborn who receives a placental 

transfusion at delivery receives roughly 30% more blood volume than a newborn who has his 

or her cord cut immediately after birth (Immediate Cord Clamping) 13.  

Within 1 minute of birth, about 80ml of placental blood transfers to the baby, and it reaches 

100ml by 3 minutes in term neonates 10. This provides about 40–50 mg/kg of iron to term 

newborns, which can avoid iron deficiency anaemia during the first year of life 14. 

Early cord clamping (ECC) or Immediate cord clamping (ICC) is a process of clamping 

the umbilical cord as early as within 30 seconds of birth. According to recent studies, it may 

be hazardous to the baby and may deprive the newborn of up to a quarter of its blood volume 

and iron 13. 

After the delivery of the baby, active management of the third stage of labour has overtaken 

the 'physiological' technique of delayed cord clamping and cutting. As a result, the umbilical 

cord is normally clamped shortly after the delivery of the newborn. ECC dramatically reduces 

placental blood transfusion, resulting in 10% reduction in mean blood volume 15.  

Early cord clamping is removed from the FIGO-ICM protocol of active management of the 

third stage of labour, based on evidence showing that delayed clamping helps both preterm 

and term newborns 16. 

The World Health Organization recommends Delaying Cord Clamping (DCC) as the 

standard of care in the delivery room to allow for placental transfusion. DCC is defined as 
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delaying the clamping of the umbilical cord until pulsations cease or up to 120-180 seconds 

after birth 13. 

 

Figure 2. Showing various factors which influence placental blood transfusion with 

DCC. 

 

DCC can improve iron status and reduce the risk of iron deficiency of early infancy. Whereas 

early cord clamping (<30 seconds of birth) puts the infant at risk for iron deficiency 17. 
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‘Wait for White’ is the online campaign to promote and educate healthcare professionals 

regarding importance of optimal time of cord clamping (Figure 3). 

The increase in circulating blood volume and Hb level is a major benefit of DCC. Anaemia in 

early infancy is a common condition, especially in developing nations, therefore increasing 

haemoglobin levels and iron storage is advantageous. However, these potential benefits must 

be weighed against the possible adverse consequences in infants such as delayed 

resuscitation, hypothermia, polycythaemia, hyperbilirubinemia and risk of intraventricular 

haemorrhage. 

In November 2019, Ministry of Health and Family welfare, Government of India launched a 

new health program called SUMAN (Surakshit Matritva Aashwasan) and issued an advisory 

on Physiological Cord Clamping (PCC), which refers to deferring the cord clamping till 

natural delivery of placenta. As it has numerous health benefits for the mother and the baby 

like early initiation of breast feeding, increase in iron stores, transfer of more stem cells 

resulting in stronger immune system and improved developmental and cognitive performance 

of the child. However, it created ethical concerns because, according to advising standards, 

women must receive delayed oxytocin following placental delivery, putting the mother at risk  

of postpartum haemorrhage 18. 
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Mathew et al. 2011, published a meta-analysis that found that delaying cord clamping 

reduces anaemia in term (15 RCTs) and preterm (14 RCTs) newborns. It increases the iron 

stores of the newborn, which may be especially beneficial in low-nutrition areas 19.  

Hence, numerous national and international organisations have advised delayed cord 

clamping, although it is not generally employed at field level due to the difficulty in 

implementing this procedure. 120-180 seconds cord clamping delay seems too long for some 

emergency situations such as non-reassuring foetal status and maternal hemodynamic 

vulnerability 19. Therefore, UCM has been pondered as the alternative procedure to achieve a 

rapid time for placenta-to- neonate blood transfusion within less than 10-15 seconds to 

increase placental transfusion 20, 14 .  

The mechanism of placental blood transfusion is different in UCM compared to DCC. In 

DCC, placental transfusion occurs passively at slow rate and it usually depends on the uterine 

contractions. Where as in UCM, placental blood transfusion done actively by milking the 

blood towards baby. It is simple to perform and does not require uterine contractions. It's also 

preferable in cases where a depressed infant requires resuscitation and DCC isn't possible or 

appropriate 21. 

 A recent study by Amit Upadhaya et al found that UCM is safe and increases haemoglobin 

and iron reserves at 6 weeks of life 22. 

For Umbilical Cord Milking, clamped or unclamped cord is grasped and blood is pushed 3 

to 4 times towards the newborn  baby rapidly usually within 20 seconds 21. The target of 

UCM is to provide the baby his or her full blood volume. 
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Umbilical cord milking can be done by 2 methods, as depicted in following figures.

 

 

Figure 4. Intact - umbilical cord milking (I-UCM). 
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5. Cut-umbilical cord milking (C-UCM). 

 

Transfusion of placental blood improves blood supply to the brain and lungs. Spontaneous 

respiration or crying causes pulmonary vasodilation and create a ‘physiologic sink’ to 

accommodate extra placental blood. This placental blood is rich source of RBCs  and 

multipotent  haematopoietic stem cells 23. 

UCM increase circulating blood volume,  allows decreased need for blood transfusion, 

decreases the high grade intra-ventricular haemorrhage in premature infants, increases iron 

stores and improves haemoglobin up to 6 months of life 24. After UCM, increased ferritin 

levels at 6 weeks of age have been recorded in late preterm newborns 25. None of the studies 

found that UCM had any negative impact on these babies. This provides the  strong evidence 

that, umbilical cord milking effectively increases placental blood transfusion which is rich in 
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stem cells and RBCs at birth, thus resulting in benefits superior to immediate cord 

clamping(ICC) 23. 

However, there are insufficient data about the effect of umbilical cord milking and delayed 

cord clamping on haematological parameters (Haemoglobin and iron stores) in full-term 

neonates. 

Aim of our study was to investigate the effect of umbilical cord milking on haematological 

parameters in term neonates at 48hours of life and at 6 weeks of life. And to compare the 

results with that of delayed cord clamping. 
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7.2 Review of Literature: 

Anaemia as a public health problem: 

Anaemia is described as a “drop in haemoglobin (Hb) concentration or red blood cell (RBC) 

volume below the range of normal healthy values”.  “Normal” haemoglobin and haematocrit 

(Hct, PCV-Packed red blood Cell Volume) values vary with age and sex. Anaemia primarily 

results from iron deficiency, but can also occur as a result of chronic infections, folate 

deficiency, vitamin B12 deficiency, bone marrow suppression, haemolytic diseases, blood loss 

and underlying malignancies 26. In severe cases of iron deficiency, a lack of iron leads to an 

inadequate amount of red blood cells and this is termed iron deficiency anaemia. Iron 

deficiency is the primary cause of anaemia in 50% of cases worldwide 26. Furthermore, iron 

deficiency anaemia affects more people worldwide than any other medical problem, 

particularly young children and pregnant women. According to the World Health Organization, 

42 percent of children under the age of five and 40 percent of pregnant women are anaemic 

worldwide 26.    

Determinants of anaemia 

There are a number of triggering factors for anaemia, which can occur alone but are more likely 

to occur together. These factors may be genetic causes like haemoglobinopathies; 

environmental factors like infections such as malaria, intestinal helminths or chronic infections 

like tuberculosis; or nutritional deficiency due to less intake or less absorption or increased 

loss, which includes iron deficiency, deficiencies of minerals and vitamins such as cobalamin 

(vit B12), folic acid, vitamin A and copper. Iron deficiency makes major contribution for 

anaemia 2. 

The determinants for iron deficiency anaemia (IDA) are intake of diets poor in iron or rich in 

phytates or phenolic compounds, which reduces iron absorption in the gut. During the periods 
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of growth spurts especially during infancy, young childhood, prepuberty and pregnancy iron 

requirements are very high results in iron deficiency. 

                   Other important determinants of anaemia are heavy blood loss (as from 

menstruation), parasite infection (malaria), recurrent acute and chronic infections, other 

micronutrients deficiencies, processes that impair iron absorption, transport  and use, bleeding 

disorders and genetic causes 26  

 

Consequences of anaemia 

Anaemia has major effect on both for human health and socio-economic development of the 

country. Iron plays a crucial role in brain function, and iron deficiencies found to alter 

neurotransmitters 6, 27 .  El Hioui et al found that the cognitive effects of iron deficiency 

anaemia in infancy and early childhood are often not reversed following iron supplementation 

8. Deficiency of iron during growth period impairs growth rates. The socioeconomic effects are 

primarily result from loss of productivity, health care costs and permanently impaired 

neurocognitive development of young children who develop iron deficiency anaemia.  

 

Indicators of anaemia: 

Anaemia occurs when iron deficiency is so severe that it diminishes the process of 

erythropoiesis.  Plasma ferritin can be used to measure storage iron such that 1μg of ferritin 

corresponds to 8 mg of storage iron 28. Ferritin is an inflammatory marker and its levels are 

elevated during inflammation hence estimation of ferritin alone makes this indicator less 

reliable. Other indicators of IDA(iron deficiency anaemia) includes, serum iron levels, total 
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iron binding capacity, transferrin saturation(TS), Hb concentration, red cell protopophyrin 

levels, and transferrin receptor protein levels 29 

At the population level, haemoglobin concentration(Hb) is the most reliable indicator of 

anaemia 1. Its measurement is easy and inexpensive hence it is frequently used as an indicator 

of iron deficiency 1.  

 

Haemoglobin levels during Infancy. 

The level of haemoglobin is higher during birth than at any other time in life. It starts to drop 

after birth, from around 17 gm/dl at birth to as low as 11.2 gm/dl in the first two months 30. 

This stage is known as "physiological anaemia of infancy," and it is caused by a combination 

of factors such as shorter foetal erythrocyte lifespan, lower production RBCs, and a dilution 

impact caused by increased total blood volume due to fast growth in infancy 30. 

 

 

 

 

 

 

 

 

 



13 
 

Table1. Showing haemoglobin changes in babies in the first year of life30 

Age in weeks Hb level in   

 Term babies  Premature babies 

(1.2 -2.5kg 

Small premature 

babies(<1.2kg) 

0 17.0 16.4 16.0 

1 18.8 16.0 14.8 

3 15.9 13.5 13.4 

6 12.7 10.7 9.7 

10 11.4 9.8 8.5 

20 12.0 10.4 9.0 

50 12.0 11.5 22.0 

 

Hb levels reach a nadir at 8 to 12 weeks, oxygen transport to tissues drops, stimulating 

erythropoietin production by renal peritubular endothelial cells, and RBC production rises. As 

a result, from the age of two months onwards, haemoglobin concentration rises modestly, 

reaching around 11.8 gm/dl by four to six months of age 30  
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Table 2. Showing Hb levels at nadir and the time of nadir. 

Maturity of baby at birth Hb level at Nadir Time of Nadir(week) 

Term babies 9.5-11.0 6-12 weeks 

Premature babies (1.2-2.5kg) 8.0-10.0 5-10 

Small premature 

babies(<1.2kg) 

6.5-90 4-8 

 

The entire body iron content of a newborn baby is estimated to be around 260 mg. 70 percent 

is stored as haemoglobin, 24 percent as ferritin, and the remaining 6% is made up of myoglobin 

and iron-containing enzymes 31, 32. 

Although the total body iron level does not vary much by 4 months of age, the iron distribution 

does. Because iron stores are used up during a baby's growth, ferritin levels drop to around 

12%, iron in haemoglobin rises to around 76 percent, and iron in myoglobin and iron-

containing enzymes rises to around 12% 32. 

The breast-fed newborn begins to acquire exogenous sources of iron after 6 months of age, and 

total body iron levels rise to around 420 mg  11, 32 

 

Determinants of birth iron stores 

The amount of iron a newborn baby has at birth is mostly determined by the mother's iron 

status, gestational age, and birth weight. In investigations on iron supplementation during 

pregnancy, it was discovered that maternal anaemia during pregnancy is linked to infantile 

anaemia 11.  
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It's debatable whether the maternal iron insufficiency during pregnancy affects newborn iron 

reserves at delivery or not. The results of various research studies have been inconclusive. This 

could be due to the women's varying levels of iron deficiency, as well as other pregnancy and 

delivery circumstances that can change the markers used to define maternal anaemia 33 

There is a linear link between birth weight and total body iron reserves at birth, with birth iron 

stores increasing as birth weight increases 34. 

 

Depletion of iron reserve during first year of life 

During the first six months of life, exclusive breastfeeding is the best feeding method. Breast 

milk, on the other hand, does not supply a large amount of iron to the newborn 35. The quantity 

of iron absorbed from human breastfeeding is equal to the amount of total iron lost (the bulk 

of which is lost by gastrointestinal epithelial cell sloughing). Hence, total iron stores at birth 

are crucial in maintaining adequate iron levels for growth and development during the first six 

months of life 33. 

.Infants with LBW (low birth weight) and preterm are at a higher risk of iron insufficiency 

during the first six months of life as they start life with lesser iron stores and require more iron 

to sustain their rapid rate of post-natal growth 30. The high prevalence of anaemia in newborns 

aged 6 to 9 months raises concerns that their birth iron reserves are insufficient to support 

growth and development throughout the first six months of life 33. 

 

 

 

Consequences of foetal / infant anaemia 
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Iron is a necessary component for brain development and growth during prenatal and postnatal 

life 6. Because iron is required for healthy neurogenesis and differentiation of particular brain 

cells and brain regions 36, 7, 6, 27, 8, 30 

Red blood cells get preference for iron in the foetus over other tissues, including the brain 6. 

The prenatal brain is at danger of developmental problems when iron availability does not meet 

iron demand, as in the case of iron deficiency 37, 27. 

Iron deficiency during childhood is correlated with poor cognitive, motor, and/or social and 

emotional development later in life 37,27. The most important thing regarding iron deficiency 

of early infancy is, these negative consequences of iron deficiency during brain myelination 

cannot be reversed with iron supplementation 6,27 

Therefore, early iron therapy even before iron deficiency manifests is the best strategy to 

prevent and/or reverse adverse effects of iron deficiency 6. This highlights the importance of 

prevention iron deficiency during intrauterine life and early infancy life. 

 

Preventing iron deficiency anaemia in infancy. 

During the first six months of life, there are four effective interventions that are known to 

prevent iron deficiency. They are- 

1. Iron supplementation to pregnant women,  

2. Delayed umbilical cord clamping or Umbilical cord milking  

3. Early initiation of breast-feeding  

4. Continued exclusive breast-feeding for six months. 
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Umbilical cord clamping 

When compared to physiological management, active management of the third stage of labour 

reduces the risk of mother postpartum haemorrhage by 50% 15. 

However, advantages of the individual components of active management of 3rd stage of labour 

have not been well investigated. The reduced incidence of post-partum haemorrhage shown 

after active treatment of the third stage of labour is nearly completely related to the use of 

uterine tonic medicines, rather than the three combined procedures as previously thought 12. 

Following this understanding, the impact of umbilical cord clamping timing has been the 

subject of extensive scientific research. 

Placental transfusion: 

Placental transfusion is defined as the transfusion of additional blood volume from the placenta 

to the newborn baby at birth through the umbilical vein 23. 

Factors determining placental transfusion: 

Factors like uterine contractions, blood flow through umbilical cord, time of cord clamping, 

respiratory efforts of baby and gravity have an important role in determining placental 

transfusion volumes 23 
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Figure 6– showing factors influencing the placental transfusion. 

 

Placental transfusion is affected by three main factors 23:  

1.Uterine contractions following delivery 

2.Placement of infant following delivery  

3.Timing of umbilical cord clamping 

 

Uterine contractions 

During the third stage of labour, uterine contractions considerably increases the placenta-to-

neonatal right atrial gradient and facilitate nearly half of placental transfusion 10, 23. 
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Time of cord clamping 

The quantity of blood volume delivered to the newborn through placental transfusion is highly 

dependent on the timing of umbilical cord clamping. D Farrar et al. measured infant weight 

gain in the first 5 minutes after birth while the cord was left intact at vaginal and caesarean 

births to assess the amount and duration of placental transfusion in term newborns. The average 

volume of placental transfusion was 81 millilitres, or 25 millilitres per kilogramme of body 

weight. They estimated that placental transfusion contributed to about approximately 20% of 

the newborn’s circulating blood volume, including 20-30mg/kg iron at birth 12, 23 

 

 

Figure 7. Timing of cord clamping and the amount of placental blood transfusion. 



20 
 

Thomas Brune et al harvested the placental blood, after immediate cord clamping and cutting, 

from the cut end of the umbilical cord, a residual blood of volume approximately 20 ml/kg of 

was obtained. When the cord is cut immediately, the placenta retains about 20ml/kg of whole 

blood and 25mg/kg of iron, and it is thrown as medical waste after birth 38. 

Hence, delaying the clamping of the umbilical cord and allowing the placental transfusion to 

complete can increase the blood volume of a term baby by 30-50 percent 11, 23. Approximately 

25% of the transmission happens within the first 30 seconds after birth, 50%–80% within one 

minute, and the remainder within three minutes 10 .  

Thus, the timing of umbilical cord clamping is of utmost important as it will affect the extent 

of placental transfusion. If the umbilical cord is clamped or cut immediately after birth, 

placental transfer is obviously impossible. The placental blood volume transfused to the 

newborn will be maximised if the umbilical cord clamping is delayed until the placental 

transfusion is completed. Delaying umbilical cord clipping provides greater blood volume, 

which has a number of health benefits for newborns. 

Umbilical blood flow 

The umbilical arteries constrict soon after birth, often within 45 seconds, limiting blood flow 

from the neonate to the placenta, whereas the umbilical vein remains open for 3 to 5 minutes, 

allowing for placental transfusion. The initiation of spontaneous respirations and an increase 

in newborn PaO2 may help to constrict the umbilical artery 10, 23 

Effects of gravity: 

After birth, positioning of the infant in relation to placenta affects the amount of placental 

transfusion by gravity effect. Holding the neonate high above the level of placenta decreases 

placental transfusion 10. The term infants placed on the maternal abdomen immediately after 

birth and assigned to DCC for 5-min received a significantly higher amount of placental 
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transfusion than those with 2 minutes delayed cord clamping, according to a study by Mercer 

et al., indicating the importance of cord clamp timing over the gravity effect 39. 

 

Effects of DCC in term infants: 

Increases in newborn blood volume have the potential to raise not just iron storage and 

haemoglobin concentrations, but also the risk of jaundice and polycythaemia. Early cord 

clamping (ECC) was found to be considerably more risky than delayed cord clamping (DCC) 

for the development of jaundice necessitating phototherapy in a recent Cochrane evaluation. 

The hazards and advantages of delaying cord clamping in healthy term infants have been 

explored in a number of systematic reviews. Up to six months of life, they discovered an 

increase in haemoglobin concentration and enhanced iron storage, lowering the risk of early 

infancy anaemia and iron shortage 19,40. 

The findings of Andersson et al., who conducted one of the largest studies analysing neonatal 

outcomes after delayed cord clamping, are encouraging and support the notion that DCC does 

not raise the incidence of hyperbilirubinemia. In healthy term infants, there are no differences 

in Apgar scores at five minutes, rates of NICU admission, or rates of respiratory distress when 

ECC and DCC are compared 17.  

Delayed cord clamping has a number of clinically important advantages with little to no risk. 

Significant advantages include reduced neonatal anaemia and iron deficiency, which may have 

a good impact on the baby's growth and development. As a result, based on the facts currently 

available, a universal DCC strategy in term babies can be justified. 
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Timing of Umbilical cord clamping: Current practices  

Winter et al. undertook a study to describe current umbilical cord clamping procedures across 

Europe 15. According to the findings, 66-90 percent of maternity units in Spain, France, the 

Netherlands, Belgium, Portugal, Switzerland, and the United Kingdom had policies of 

immediate cord clamping (ICC) once the newborn was delivered. In Denmark, Austria, 

Denmark, Finland, and Norway, on the other hand, 65-74 percent of maternity units had rules 

for postponing cord clamping until the cord ceased pulsing 15 

 

Attitudes of health professionals towards timing of cord clamping and delayed cord 

clamping 

David Hutchon and Ononeze conducted a questionnaire-based study to evaluate obstetricians' 

perspectives toward delayed cord clamping, which was published in the Journal of Obstetrics 

and Gynaecology in May 200941. Surprisingly, just 9.3% of obstetricians polled in hospitals 

across the United Kingdom, Europe, the United States, Canada, and Australia always follow 

recommendations for delayed umbilical cord clamping41. Non-adherence was due to 

difficulties in adopting DCC in clinical practise, including anxiety of delays in neonatal routine 

care or resuscitation if needed, as well as dread of hypothermia. 

 

Umbilical cord milking (UCM) 

Umbilical cord milking is a method of enhancing placental transfusion in which the umbilical 

cord is milked from the placenta multiple times (3-4 times) toward the newborn. The benefits 

of UCM are similar to those of the DCC.  
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Currently, the term UCM is used interchangeably in the medical literature to refer to both 

milking the intact cord (while it is attached to the placenta) and milking the cord after it has 

been clipped and detached from the placenta. We previously discussed the words I-UCM 

(Intact Umbilical Cord Milking) and C-UCM (Cut Umbilical Cord Milking). 

Anup C Katheria's review of 10 RCTs in term neonates and 10 RCTs in preterm neonates 

comparing the effects of UCM and ICC found that UCM significantly improves haematocrit 

and Hb levels within the first few days of life and iron stores in term neonates up to 6 months 

of age, with no associated harmful effects 42. UCM also increases blood pressure, Hb levels, 

urine output, cerebral oxygenation, lowered risk of intraventricular haemorrhage (IVH) of any 

grade, decreased oxygen requirement, decreased incidences of NEC (necrotizing enterocolitis), 

and reduced the need for blood transfusions in preterm newborns. In these susceptible 

newborns, none of the investigations found that UCM was harmful 42. This shows that cord 

milking promotes placental transfusion during birth, resulting in advantages that are superior 

to ICC. 

Umbilical cord milking results in greater placental transfusion in term newborns at the time of 

caesarean delivery with higher haematocrit at 36-48 hours of life, according to a study by 

Erickson et al 43. Umbilical cord milking is a safe and effective procedure that improves 

haemoglobin and iron levels in term and near-term newborns at 6 weeks of life 22. 

.  
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Delayed cord clamping versus Umbilical Cord Milking 

Rabe et al evaluated DCC and UCM in preterm newborns and found that milking the cord four 

times resulted in the same amount of placento-fetal blood transfer as delaying the cord 

clamping for 30 seconds. Only a few research comparing these two procedures in term neonates 

exist at the moment 44. A recent study conducted in AIIMS, New Delhi by Mangla et al 2020 

compared effects of intact UCM and DCC in late preterm term and term infants and concluded 

that I-UCM resulted in higher haematocrit levels at 48 hours than DCC group 45.  Umbilical 

cord milking may be a promising alternate method for enhancing placental transfusion in 

preterm and term infants. 

 

Justification 

Various national and international health organizations including WHO, ACOG, RCOG 

recommends Delayed cord clamping. In November 2019, Ministry of Health and Family 

welfare, Government of India launched a new health program called SUMAN (Surakshit 

Matritva Aashwasan) and issued an advisory on physiological cord clamping, which refers to 

deferring the cord clamping till natural delivery of placenta. 

Even after all these evidences based clear guidelines, universal application of DCC is limited 

at the field level. It may due to concerns about hypothermia, delay for routine care or delay in 

initiation of resuscitation when need, resulting failure to adapt this recommendation.  

Another procedure that can improve placental transfusion is umbilical cord milking (UCM). It 

has been demonstrated to improve placental transfusion in both preterm and term infants when 

compared to immediate cord clamping in studies. Its safety has been demonstrated in a number 

of randomised controlled trials. 
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UCM can be a useful alternative method for enhancing placental transfusion because it is 

simple to use and can be accomplished with in few seconds to provide the same results as 

delayed cord clamping. 

The purpose of this study is to assess the effects of delayed cord clamping at 120 seconds of 

life and milking of the umbilical cord four times towards the newborn on haematological 

parameters at 48 hours and 6 weeks of life. 
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7.3 AIM AND OBJECTIVES OF STUDY: 

1) Comparison of UCM and DCC on following haematological parameters in term neonates. 

➢ Cord Haemoglobin at birth,  

➢ Haemoglobin (Hb), Haematocrit (Hct) and  

       Bilirubin [Total bilirubin (TB), Direct Bilirubin (DB)] at 48 hours of life 

2) To compare Hb and Ferritin levels of infants born with UCM to that of DCC at 6 weeks of 

age. 
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8. MATERIALS AND METHODS 

8.1 Source of data: 

 Study is conducted in Department of Paediatrics and data is collected of term infants 

delivered by vaginal or caesarean delivery in SRI DHARMASTHALA 

MANJUNATHESHWARA COLLEGE OF MEDICAL SCIENCES AND HOSPITAL 

(SDMCMS&H), DHARWAD. 

Subjects: The study included all term neonates (37 weeks to 41+6 weeks of gestation) born to 

non-anaemic mothers either vaginally or via lower segment caesarean section (LSCS). 

Inclusion criteria:  

All the term neonates (37 weeks to 41+6 weeks gestation) delivered either by vaginal delivery 

or Lower segment caesarean section (LSCS) to non-anaemic mother during the presence of 

trained person. 

Neonates in whom Delayed cord clamping (DCC) is contraindicated or not feasible or who 

needs immediate resuscitation care are considered for Umbilical cord milking. They were 

included as cases. 

 (Anaemia in pregnancy is defined as haemoglobin concentration less than 11g/dl) 

 

Exclusion Criteria: 

Maternal conditions – 

➢ Haemodynamic instability  

➢ Abnormal placentation  

➢ Abruption 
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➢ Placenta previa 

➢ Maternal haemorrhage (i.e. bleeding placenta previa)  

➢ Active maternal seizure  

Placental and Neonatal Conditions –  

➢ Placental circulation not intact  

➢ Tight nuchal cord  

➢ Vasa previa  

➢ Cord avulsion  

➢ IUGR with abnormal doppler evaluation.  

➢ Rh isoimmunisation.  

➢ Twin pregnancy/multiple pregnancy  

➢ Major congenital malformations 

 

Study area: 

Study was conducted in Department of Paediatrics, SRI 

DHARMASTHALAMANJUNATHESHWARA COLLEGE OF MEDICAL SCIENCES 

AND HOSPITAL (SDMCMSH), DHARWAD.  

Study period: December 2019 to November 2020 
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8.2 Methods of collection of data: 

Study design: 

It is a hospital-based prospective case control study. 

Sample size: 

For-sample size calculation, we used studies done by Amit Upadhyay et al and R Bora et al 

from earlier studies. At 6 weeks, late preterm and term infants who received umbilical cord 

milking had a mean haemoglobin of 11.9(+/- 1.5) gm percent, according to Amit Upadhyay et 

al. We needed to enrol 80 participants to detect a 1 gm percent difference (non-inferiority 

margin) in haemoglobin at an alpha of 0.05 and 90% power for a two-sided test (40 in each 

group). Because the study was to be done on healthy term newborns, we projected a 20% 

dropout rate, hence the sample size was calculated to be 50 in each group. 

Gestational age assessment: 

1st trimester dating USG scan is used, if it was not available, the last menstrual period was 

employed to calculate gestational age. 

Consent and ethical clearance 

After discussing the study, the pregnant mother provided informed written consent and was 

recruited. They were also given a participant information leaflet. 

The study was approved by the institutional Ethical committee (Ref: SDMIEC: 194:2019) 

Group allotment: 

Eligible mothers admitted in the tertiary maternity hospital were assessed by the trained-on call 

paediatric resident doctor and allocated to a particular group just before delivery. Before 

attending any deliveries, check list was filled, based on eligibility criteria decision was made. 
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All the newborns with no risk factors underwent Delayed cord clamping (DCC) and those term 

neonates in whom DCC is not feasible and/or currently World Health Organization guidelines 

recommend for immediate cord clamping were allocated for umbilical cord milking. Details of 

the intervention were documented on the new born sheets for easy follow up. Babies who were 

limp at birth also included for the study, in whom both resuscitation and effective placental 

transfusion by cord milking were carried out simultaneously by two separate personals without 

disturbing/delaying for resuscitation. Neonates were divided into cases (Umbilical cord 

milking group) and controls (Delayed cord clamping group), based on interventions done after 

birth. 

 

Interventions: 

Delayed cord clamping (DCC): 

DCC is defined variably as delay in cord clamping till pulsations stops or up to 2-3minutes. 

In our study, after delivery, newborns were placed between the mother's thighs (for vaginal 

deliveries) or on the mother's thigh (for babies delivered by caesarean section). Routine care 

was provided. At 2 minutes (120 seconds) of life, the umbilical cord was clamped and cut 2-3 

cm away from the umbilical stump. A stop clock was used to time the delayed clamping at 2 

minutes. 
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Figure 8. Delayed cord clamping procedure 
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Figure 9. After 120 seconds delay for cord clamp 
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Umbilical cord milking (UCM): 

The definition of UCM is "a process in which an intact umbilical cord or a cut umbilical cord 

is gripped and blood is pushed 3-4 times towards the new-born in a brief time frame, usually 

within 20 seconds." 

In this group, after delivery by caesarean or vaginal route, early cord clamping (within 10 

seconds of birth) was done keeping cord length of 30cm, and the baby was brought under the 

warmer and care is given, then cord blood is milked 4 times towards the baby at a speed of 10 

cm / sec, and the cord is clamped and cut 2 – 3 cm from the umbilical stump. 

If the newborn baby needed resuscitation, it was simultaneously given by another NRP 

trained junior resident without delaying for cord milking. 
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Figure 10. Umbilical cord milking procedure. Figure showing cut umbilical cord 
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Figure 11. Showing Umbilical cord milking procedure 
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Figure 12. Umbilical cord after milking 4 times towards baby 
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Measurement of outcomes: 

All the newborns were managed as per our institute protocols. 

Immediately after birth, before intervention cord haemoglobin was sent, so that it can be 

compared with haemoglobin levels after intervention.  All the details of neonates were 

recorded in predesigned Performa and new born case sheets. Babies were examined in detail 

for any major congenital malformations before shifting to mother side. 

Every day, the neonates in both groups were checked for clinical jaundice and 

polycythaemia. At 48 hours of life, one millilitre of venous blood was collected for analysis 

of haemoglobin, haematocrit, and bilirubin levels. 

Hb and Hct levels were estimated using Sysmex XN -1000 machine and serum bilirubin level 

was assessed by SEIMENS EXL-200 machine. 

If the reported haematocrit was more than or equal to 65 percent, the baby was diagnosed 

with polycythaemia. When a new-born’s serum bilirubin level was within the phototherapy 

range, phototherapy was initiated. (According to the AAP bilirubin nomogram/Bhutani 

chart.) 

Babies were discharged home in accordance with institution protocol. It is recommended that 

children breastfeed exclusively until the age of six months. Except for vitamin D3, no 

nutritional supplements were recommended. They were also instructed to return at 6 weeks of 

age for vaccination and for follow up. 

During follow-up at 6weeks of age, 2ml of Venous blood sample was drawn and sent for 

haemoglobin and serum ferritin levels estimation. Serum ferritin was assessed by SIEMENS 

ADVIA CENTAUR XP machine using chemiluminescence immunoassay. 
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Figure 13. SYSMEX XN-1000, Complete blood count cell counter. For Hb and Hct 

estimation 
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Figure 14. Serum bilirubin estimation machine - SIEMENS EXL-200 
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Figure 15. Serum ferritin estimation machine- SIEMENS ADVIA CENTAUR 

XP 
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Data collection: 

Data of the mother and the newborn were recorded in the newborn case sheet and in 

predesigned study performa. Post intervention haematological parameters were recorded in 

the data collection sheet. All the data were uploaded into the Microsoft excel sheet at regular 

intervals.  

Until the end of the study, no iron supplementation was given to any of the newborns. 

Followed up was done at 6 weeks of age, and serum haemoglobin and ferritin levels were 

estimated and recorded in data collection sheet and excel sheet. 

Statistical analysis:  

SPSS version of 20.0 was used for data analysis. 

For statistical analysis of results, standard statistical tests were used. The chi square test was 

used to analyse categorical variables, while the student's independent t test was used to 

analyse continuous variables. The findings of continuous data were provided as Mean SD, 

whilst the results of categorical measurements were presented as a percentage (%). 

P value of <0.05 was considered as significant. 
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RESULTS AND ANALYSIS 

During the research period, there were 5201 deliveries. A total of 866 mothers were eligible 

for the study. 4335 mothers were excluded for reasons like Preterm delivery of less than 36+6 

weeks of gestational age, Anaemic mothers (Hb less than 11g/dl), mothers with Rh negative 

blood group, congenital malformations or any antenatal risk factors as described in exclusion 

criteria. Out of 866 eligible mothers,349 were excluded as they delivered when trained persons 

not available for intervention (Figure).  

Out of 517 eligible mothers, 399 underwent Delayed cord clamping of which 56 cases excluded 

as delay for cord clamp was less than 120 seconds. Among 343 who completed the DCC 

intervention for placental transfusion, only 56 came for follow up at 6 weeks.  

Similarly, in mothers in whom DCC is not feasible or contraindicated like as in meconium 

stained amniotic fluid or fetal distress or non-vigorous newborns at birth, cut umbilical cord 

(30cm length) milking is done. Total of 118 newborns underwent UCM, of which 42 excluded 

as cut cord length was less than 30cm, and 20 lost follow-ups at 6 weeks hence, only 56 came 

for follow-up at 6 weeks of life.   

 

 

 

 

 

 

 



43 
 

Study Algorithm: 

 

                               Consent  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Total number of live births during study period n=5201 

1.Term pregnancy 

2.Singlton pregnancy 

3.Non anemic mothers  

4.Willing to follow up 

Excluded (n= 4335) 

1. Preterm (n= 813) 

2. Anemic mothers(n=2014) 

3. Active maternal seizure(n=430) 

4. IUGR with abnormal doppler 

evaluation(n=92) 

5. Rh isoimmunization (n=137) 

6. Twins(n=180) 

7. Congenital malformations, Vasa 

previa, placenta previa, abruptio 

placenta, cord avulsion (n= 582) 

8. Consent refused for study (n= 87) 

Eligible(n=866) 

Underwent intervention 

DCC/UCM (n= 517) 

Umbilical cord milking 

done (n=76) 

Delayed cord clamping 

done (n=343)                

Cases excluded if Delayed cord 

clamping is <120 seconds(n=56) 

 

Cases excluded if cut cord 

length is less than 30cm (n=42) 

 

Failure to follow up (n=287) 
Failure to follow up n=20 

Follow up done at 6 weeks (n=56) 
Follow up done at 6 weeks n=56 

          Figure 16. Study flow chart 
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Gender distribution of the study population: 

Table3: Comparison of two groups (DCC and UCM) with gender 

Gender DCC group % UCM group % Total % 2 p-value 

Boy 20 35.71 28 50.00 48 42.86 2.3330 0.1270 

Girl 36 64.29 28 50.00 64 57.14   

Total 56 100.00 56 100.00 112 100.00   

 

 

 

Figure 17: Comparison of two groups (DCC and UCM) with gender 
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In our study out of 112 infants, 48 were boys (20 in DCC group and 28 in UCM group) and 64 

were girls (36 in DCC group and 28 in UCM group) as shown in above table and figure. There 

was no significant statistical difference among the two groups with respect to gender (p value 

o.1270).  

Maternal Haemoglobin levels: 

Table 4: Comparison of two groups (DCC and UCM) with mother Hb (%) by 

independent t test 

Variable DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Mother Hb (%) 11.92 0.63 12.28 0.74 -0.36 -2.7571 0.0608* 

*p<0.05 

 

 

Figure18: Comparison of two groups (DCC and UCM) with mother Hb (%) 
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All enrolled mothers were non anaemic (Hb more than 11g/dl). 

Mean Hb in mothers of DCC group was 11.92 g/dl and that of UCM group was 12.28 with 

mean difference of 0.36, which was statistically and clinically not significant (p value 0.0608) 

 

Birth weight:     

Table 5: Comparison of two groups (DCC and UCM) with birth weight by independent t 

test 

Variable DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Birth weight 2.92 0.41 2.84 0.34 0.09 1.2140 0.2274 

 

 

Figure 19: Comparison of two groups (DCC and UCM) with birth weight  
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Mean birth weight in DCC group was 2.92kg and in UCM group was 2.84kg with mean 

difference of 0.09, it was statistically and clinically not significant (p value 0.2274). 

 

Objectives of the study: 

Cord haemoglobin at birth (g/dl) 

Table 6. showing mean cord Hb in both study groups 

DCC 

Group 

 UCM Group   Mean 

difference  

 

t - value  

 

p -value 

Mean Hb SD Mean Hb SD    

15.58 1.01 15.74 1.08 -0.16 -1.8484 0.0706 

 

 Mean cord Hb in DCC group is 15.58g/dl and in UCM group is 15.74g/dl. Mean difference is 

0.16 and it is statistically and clinically not significant (p value 0.0706) 
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Haematological parameters at 48 hours of life: 

Haemoglobin levels at 48 hours  

Comparison of Haemoglobin (Hb) levels between two groups at 48 hours of life. 

Table 7: Comparison of two groups (DCC and UCM) by Hb (%) at 48 hrs 

Hb (%) at 48 hrs DCC 

group 

% UCM 

group 

% Total % 2 p-

value 

15.1-16.0 9 16.07 3 5.36 12 10.71 7.5190 0.1850 

16.1-17.0 17 30.36 10 17.86 27 24.11   

17.1-18.0 7 12.50 12 21.43 19 16.96   

18.1-19.0 8 14.29 12 21.43 20 17.86   

19.1-20.0 8 14.29 9 16.07 17 15.18   

>=21.0 7 12.50 10 17.86 17 15.18   

Total 56 100.00 56 100.00 112 100.00   

 

 

Figure 20: Comparison of two groups (DCC and UCM) by Hb (%) at 48 hrs 
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Number of babies (and percentage of babies) in both groups with variable degree haemoglobin 

values at 48 hours of life. There is no clinical and statistical significance between these two 

study groups. 

 

Table 8: Comparison of two groups (DCC and UCM) with Hb at 48 hrs by independent 

t test 

Table: Comparison of two groups (DCC and UCM) with Hb at 48 hrs by independent t test 

Time points DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Hb at 48 hrs 18.75 1.80 19.38 1.81 -0.63 -1.8345 0.0693* 

*p<0.05 
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Figure 21. Hb levels at 48 hours in DCC group and UCM group  

 

 

At 48 hours of life, mean Hb in DCC group is 18.75 and in UCM group is 19.38 with mean 

difference of 0.63 and p value is 0.0693, it is statistically not significant. 

 

Table 9: Comparison of two groups (DCC and UCM) with PCV at 48 hrs by independent 

t test 

Time points DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

PCV at 48 hrs 52.20 4.70 53.94 4.86 -1.74 -1.9599 0.0500* 

*p<0.05 

 

Figure 22: Comparison of two groups (DCC and UCM) with PCV at 48 hrs 
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Mean PCV (haematocrit value) in DCC is 52.20 and UCM is 53.9, mean difference is 1.74. 

PCV is comparatively more in UCM group than in DCC group. There is Statistical difference 

between two groups (p value 0.0500). However clinically it is not significant as PCV is not as 

high as causing polycythaemia. Instead it is beneficial as it increases oxygen carrying capacity.  

 

Mean Serum Bilirubin at 48 hours of life in both groups 

Table 10: Comparison of two groups (DCC and UCM) with Total Bilirubin at 48hrs and 

Direct Bilirubin at 48 hrs by independent t test 

Time points DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Total Bilirubin 

at 48hrs 

11.56 2.43 10.39 3.30 1.18 2.1476 0.0339* 

Direct Bilirubin 

at 48 hrs 

0.38 0.14 0.35 0.17 0.03 0.9690 0.3347 

*p<0.05 
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Figure 23: Comparison of two groups (DCC and UCM) with Total Bilirubin at 48hrs, 

Direct Bilirubin at 48 hrs 

 

Mean TSB (Total serum bilirubin) at 48 hours in DCC group is 11.56g/dl and in UCM group 

is 10. 39g/dl.  TSB levels are slightly higher in DCC group than in UCM group. Although p 

value is statistically significant (0.0339), TSB value at 48 hours of life in term healthy infants   

is clinically not significant in either of the groups.  
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         Figure 24. Phototherapy thresholds recommended by AAP, 2004 

 

As per above phototherapy threshold levels, for term infants with low risk phototherapy range 

TSB level is more than 15mg/dl. Hence Both methods of interventions for placental transfusion 

are safe and have no risk of hyperbilirubinemia. Statistically significant value is clinically not 

significant between the two groups. 

Table 11: Number of neonates with peak bilirubin levels who admitted to NICU for 

phototherapy in both groups. 

Phototherapy DCC group % UCM group % Total % 2 p-value 

         

Yes 5 8.92 5 8.92 10 8.92 0.3240 1.022 

No 51 91.07 51 91.07 102 91.07   

Total 56 100.00 56 100.00 112 100.00   

 



55 
 

 

 

Figure 25. Showing percentage of babies with hyperbilirubinemia of phototherapy range 

in both groups. 

 

 

5 neonates in each group (8.92%) had hyperbilirubinemia of phototherapy range at 48 hours of 

life and underwent phototherapy for 12 to 24 hours of duration. 

Remaining 91.07% babies in each group had no significant hyperbilirubinemia of phototherapy 

range. It is clinically and statistically not significant (p value 1.022). 

None of the babies in either group had hyperbilirubinemia of exchange transfusion range. 
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Table 12: Peak Bilirubin (Among the babies admitted for phototherapy) 

 

Peak serum 

bilirubin 

(mg/dl) 

DCC group (n= 

5) 

 UCM group  

(n=5) 

Mean 

difference  

p value 

 14.976 15.548 -0.572 0.821 

 

Peak mean serum total bilirubin among the babies admitted for phototherapy in DCC group is 

14.976 and in UCM group is 15.548 with mean difference of 0.572. 

Peak mean serum bilirubin levels did not differ significantly between the two groups (p value 

0.821) 

 

Table 13. Comparison between haematological parameters at 48 hours of life in both 

groups 

 DCC group 

(n=56) 

UCM 

group(n=56) 

Mean 

difference 

p value 

Hb%(g/dl) 18.75 19.38 -0.63 0.0693 

PCV 52.20 53.94 -1.74 0.0500* 

TSB(g/dl) 11.56 10.39 -1.18 0.0339* 

*p<0.0500 
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Figure 26. showing mean Hb and PCV and TSB levels at 48 hours of life. 

 

 

At 48 hours of life, the mean haemoglobin, haematocrit (PCV), and total serum bilirubin levels 

were comparable in both groups. In DCC group, mean Hb was 18.75mg/dl, mean PCV was 

52.2 and mean total serum bilirubin was 11.56. And in UCM group, mean Hb-19.38, mean 

PCV-53.94 and mean total serum bilirubin-10.39. The mean difference in haemoglobin, 

haematocrit, and serum bilirubin levels were 0.63g/dl, 1.74mg/dl, and 1.18mg/dl, respectively. 
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Table14: Comparison of two groups (DCC and UCM) by Hb (%) at 6 weeks 

Hb (%) at 

6weeks 

DCC 

group 

% UCM 

group 

% Total % 2 p-

value 

8.1-9.0 1 1.79 1 1.79 2 1.79 0.6870 0.9840 

9.1-10.0 7 12.50 6 10.71 13 11.61   

10.1-11.0 13 23.21 12 21.43 25 22.32   

11.1-12.0 18 32.14 16 28.57 34 30.36   

12.1-13.0 11 19.64 13 23.21 24 21.43   

>=13.1 6 10.71 8 14.29 14 12.50   

Total 56 100.00 56 100.00 112 100.00   

 

 

Figure 27: Comparison of two groups (DCC and UCM) by Hb (%) at 6 weeks 
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Comparison of number of infants with variable degrees of Hb levels between 2 study groups 

at 6th week of follow-up. Most of the infants have Hb between 10.1 to 13.0 mg/dl in both the 

groups. And there is no statistical difference between the groups.  

 

Effect on Haemoglobin at 48 hours and at 6 weeks 

Table 15: Comparison of two groups (DCC and UCM) with cord Hb, Hb at 48 hrs and 

Hb at 6 weeks by independent t test 

Time points DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Cord Hb 15.58 1.01 15.74 1.08 -0.16 -1.8486 0.0706 

Hb at 48 hrs 18.75 1.80 19.38 1.81 -0.63 -1.8345 0.0693 

Hb at 6 weeks 11.37 1.23 11.61 1.36 -0.25 -1.0047 0.3172 

 

                             The mean cord haemoglobin in DCC group is 15.28g/dl and in UCM group 

is 15.74g/dl.  Mean difference was 0.16. It was statistically not significant (p value 0.0706). 

                              Mean Hb at 48 hours of life in DCC group is 18.75 and in UCM group is 

19.38 and Mean Difference is 0.63. No significant difference between two groups with respect 

to Hb at 48 hours of life (p value 0.0693).  

                            Haemoglobin value repeated during follow up at 6 weeks in both groups 

showed that, mean Hb of 11.37 and 11.61 in DCC group and in UCM group respectively. And 

mean difference was 0.25, no statistical difference between two groups (p value 0.3172).  
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Figure 28: Comparison of two groups (DCC and UCM) with cord Hb, Hb at 48 hrs and 

Hb at 6 weeks 

 

 

 

 

We noticed, mean increase in haemoglobin levels at 48 hours in both groups.  

And we also noticed fall in haemoglobin levels at 6 weeks follow-up both groups, which 

corresponds to physiological anaemia of infancy. In our study we observed no statistical 

difference noted in haemoglobin levels at 48 hours and at 6 weeks of life between two 

study groups. 
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Table 16: Comparison of cord Hb, Hb at 48 hrs and Hb at 6 weeks in two groups (DCC 

and UCM) by dependent t test 

Groups Times Mean SD Mean 

Diff. 

SD 

Diff. 

% of 

change 

Paired t p-value 

DCC  

  

  

  

  

  

Cord Hb 15.28 1.01      

Hb at 48 hrs 18.75 1.80 -3.47 1.53 -22.74 -17.0306 0.0001* 

Cord Hb 15.28 1.01      

Hb at 6 

weeks 

11.37 1.23 3.91 1.64 25.61 17.8018 0.0001* 

Hb at 48 hrs 18.75 1.80      

Hb at 6 

weeks 

11.37 1.23 7.39 1.79 39.39 30.9597 0.0001* 

UCM  

  

  

  

  

Cord Hb 15.74 1.08      

Hb at 48 hrs 19.38 1.81 -3.64 1.25 -23.10 -21.7134 0.0001* 

Cord Hb 15.74 1.08      

Hb at 6 

weeks 

11.61 1.36 4.13 1.45 26.24 21.3741 0.0001* 

Hb at 48 hrs 19.38 1.81      

Hb at 6 

weeks 

11.61 1.36 7.77 1.62 40.08 35.8768 0.0001* 

*p<0.05 

 

 

The haemoglobin levels were significantly increased at 48 hours of life in both groups. 

There was significant difference statistically when compared between Cord Hb (which 
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corresponds to haemoglobin level immediately after birth) and Hb at 48 hours of life 

(corresponds to Hb levels after placental transfusion intervention) and at 6 weeks 

follow-up (p value 0.0001). 

 

 

 

Figure29: Comparison of cord Hb, Hb at 48 hrs and Hb at 6 weeks in two groups (DCC 

and UCM) 

 

 

Figure showing mean cord Hb levels, Hb levels at 48 hours and at 6 weeks of life 

respectively. Mean cord Hb in DCC group was 15.28mg/dl and in UCM group was 

15.74mg/dl. 

Mean Hb at 48 hours in DCC group was 18.75mg/dl and in UCM group was 

19.38mg/dl. 
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Mean Hb at 6 weeks of life in DCC group was 11.37mg/dl and in UCM group 

11.61mg/dl. 

 

 

Ferritin levels at 6 weeks follow-up: 

 

Table 17: Comparison of two groups (DCC and UCM) with Ferritin at 6 weeks by 

independent t test 

Time points DCC group UCM group Mean 

differenc

e 

t-value p-value 

Mean SD Mean SD 

Ferritin at 6 

weeks 

207.2 69.98 252.63 130.02 -45.39 -2.3007 0.0233* 

*p<0.05 
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Figure 30: Comparison of two groups (DCC and UCM) with Ferritin at 6 weeks 

 

Mean ferritin levels in DCC group is 207.2 and in UCM group is 252.63. Mean 

difference is 45.39, there is significant difference in serum ferritin levels (corresponds 

to iron storage levels) at 6 weeks of follow-up (p value 0.0233). Neonates who 

underwent UCM has comparatively more iron stores than the neonates who underwent 

DCC. 
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Table 18: Morbidities between the two groups 

 DCC group (n=56) UCM group(n=56) 

Need of exchange 

transfusion 

0 0 

Post discharge 

rehospitalisation 

0 0 

 

 During the 6-week follow-up period, none of the babies were readmitted to the hospital. 

During the follow-up period, none of the babies received blood transfusions for anaemia. 

 

 

DISCUSSION: 

                         Our study includes full term neonates. We compared the effects of Umbilical 

cord milking with that of Delayed cord clamping on haematological parameters at 48 hours of 

life and at 6 weeks of life. We found that, milking of the placental blood towards the new born 

effectively increases the Haemoglobin levels and increases the iron stores. It does not have any 

life-threatening risks factors like polycythaemia, severe neonatal jaundice requiring exchange 

transfusion or prolonged phototherapy. 

              We observed that Umbilical cord milking in term neonates is equally safe and as 

effective as delayed cord clamping in achieving the haemoglobin level and iron stores.   

Umbilical cord clamping has better impact on increasing serum ferritin levels at 6 weeks than 

Delayed cord clamping. 
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The circulating blood volume and red cell mass are accurate measures for placental transfusion. 

This is accomplished by labelling red blood cells with biotin. However, it is a complex and 

time-consuming process. It cannot be used on a large number of newborns.         

Hence it is preferable to use the method of measuring the haemoglobin and haematocrit after 

birth to assess the effectiveness of placental transfusion. 

                   The term immediate or early cord clamping refers to clamping of cord within 

30seconds after birth. Early cord clamping and Immediate cord clamping terms can be used 

interchangeably.                       

         We have two study groups in our investigation, each with a distinct form of placental 

transfusion. One group received delayed cord clamping, whereas the other received umbilical 

cord milking. The inclusion of another control group of neonates for immediate cord clamping 

would have been useful, but it was deemed unnecessary because several studies had already 

established the beneficial effects of delayed cord clamping over immediate cord clamping, and 

it would deprive the new-born of extra blood of placental transfusion. Hence instead of 

immediate early cord clamping we collected cord haemoglobin immediately after birth in both 

the groups. The value of cord Hb will represent the haemoglobin levels in the baby before any 

intervention was done. Mean cord Hb in DCC group was15.28g/dl and in UCM group was 

15.74g/dl with mean difference of 0.46g/dl. Difference was clinically and statistically not 

significant. Haemoglobin and haematocrit values were significantly higher in both the study 

groups when repeated after 48 hours of intervention. This indicates that either of the 

intervention (DCC/UCM) is essential and should be mandatory for prevention of anaemia of 

early infancy. 

UCM can be performed in two ways. I-UCM (Intact Cord Milking) and Cut Cord Milking (C-

UCM). 
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I-UCM (Intact Cord Milking) and Cut Cord Milking (C-UCM). I-UCM is accomplished by 

holding the unclamped umbilical cord and pushing ("stripping") the blood 3 to 4 times towards 

the infant before clamping it. 

 C-UCM entails clamping and cutting a long segment of the umbilical cord soon after birth and 

passing the infant as well as the long cord to the care giver. Both techniques can be completed 

in about 20 seconds, allowing for rapid cord milking and simultaneous resuscitation. In certain 

studies, intact cord milking was found to increase the risk of severe IVH in extremely preterm 

newborns (28 weeks) 23. 

                              For our study we adopted the same milking strategy used by  Amit 

Upadhyay et al22, where  after delivery, umbilical cord was clamped and cut immediately 

(within 10 seconds) keeping cord length of 30cm from the newborn. All the residents of 

paediatric department were trained in measuring the umbilical cord using a pre marked feeding 

tube, clamping it at 30cm, and milking 4 times toward the newborn before a second clamp at 

2-3cm from the umbilical stump and cutting it. The on-call residents who were attending labor 

room and LSCS OT calls were allotting the eligible mothers for either of the group for study 

after filling the predesigned Performa. If the infant needed resuscitation, it can be provided 

simultaneously by the another NRP trained personnel. Bora et al also used the same method 

for umbilical cord milking but they kept umbilical cord length of 40cm and milked it three 

times only9.                  
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Table 19: Characteristics of the varies UCM studies. 

Study  Population UCM 

characteristic  

 Control condition 

  No. of times Speed  

     

Our study 100term 

infants 

4 10cm/sec DCC 

Hosono et al 2009 

46 

40preterm 

infants (GA 24-

28 weeks) 

3 10cm/sec ICC 

Rabe et al.2011 

44 

58 preterm (GA, 

24 – 32 weeks) 

4 10cm/sec DCC 

Erickson-Owens, 

Mercer and Oh 

201243 

 

24 full term 

infants  

5 Not reported ICC  

Upadhyay et al.201322 200 infants (GA 

more than 34 

weeks 6days) 

3 10cm/sec DCC  

 

Various characteristics of other Umbilical cord milking studies were compared with our study 

(table 19). 
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Table 20: Comparing the Hb levels at 48 hours with UCM with other studies 

Intervention   Our study Jaiswal et 

al.201524 

Panburana et al. 

202014 

Yadav et 

al.201547 

Singh and 

Gupta 

201848 

UCM 19.38 16.2 17 16.5 15.8 

DCC 18.75 15.8 16.9 16.2 17.7 

 

In our study we observed mean Hb levels at 48 hours is in line with other studies. We found 

higher Hb levels in both study groups at 48 hours of life compared to other studies (Table 20). 

 

Table 21: Comparing the Hb and serum ferritin levels at 6 weeks follow-up with other 

studies  

Intervention  Our study Jaiswal et 

al.201524 

Yadav et 

al. 201547 

Mangla et 

al.202045 

Upadhya 

et 

al.201525 

 

UCM 

Hb 11.61 11 10.8 Not done Not done 

 Ferritin 252.63 133 184.5 363.1 355.9 

 

DCC 

Hb 11.37 11.3 10.8 Not done Compared 

with ICC 

 Ferritin 207.2 142.7 268.8 295.8  
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Follow-up for Haemoglobin levels and Iron storage levels (serum ferritin) were done at 6 weeks 

when the baby brought for vaccination. 

We observed that mean Hb level at 6 weeks follow-up in both study groups of our study are 

comparable to other studies. Hb levels and serum ferritin levels were significantly higher in 

our study than in study by Jaiswal et al 2015. Serum ferritin levels of DCC group was higher 

in Yadav et al 2015 study. But in other two studies serum ferritin levels are higher in UCM 

group than in DCC group during follow-up at 6 weeks. 

 

                                 

In 2013 Amit Upadhyay et al had showed that, mean haemoglobin (11.9 g/dL) and mean serum 

ferritin (355.9mcg/L) were higher in the UCM group compared to immediate cord clamping 

group (ICC) (10.8g/dL and 177.5 mcg/L) at 6 weeks of age. 

                          Our findings are comparable to those of Amit Upadhyay et al., who found that 

umbilical cord milking in late preterm and term newborns results in greater Hb concentration 

and decreased need for packed red blood cell transfusion. Although babies in the UCM group 

had greater bilirubin levels than those in the DCC group, the difference was not statistically 

significant. 

                            In our study, neonates allocated to umbilical cord milking (UCM) group had 

haemoglobin values of 19.38g/dl and 11.61g/dl compared with delayed clamping group of 

18.75g/dl and 11.37g/dl at 48 hours and 6 weeks of life respectively. Both groups have nearly 

equal amounts of placental blood transport. This correlation could imply that when compared 

to delayed clamping, the method of umbilical cord milking transfers the same amount of 

placental blood into the newborn. 
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                                Our results showed that milking of the umbilical cord four times towards 

the new-born may be adequate and produced comparable haemoglobin levels and serum ferritin 

levels at 6 weeks with delayed cord clamping.                   

                In terms of serum ferritin levels, our findings showed that at 6 weeks, serum ferritin 

levels were comparable between the delayed cord clamping group (207.20 ng/ml) and the 

milking group (252.63 ng/ml). Serum ferritin levels in the UCM group were considerably 

greater than in the DCC group, with a mean difference of 45.39ng/m. It was statistically 

significant (p value 0.0233).  

 

                 In a study done in 2006 by Chaparro et al, at six months of life, Ferritin levels were 

higher in the DCC group than in ECC group (mean difference of 11.80 ug/L, Chaparro 2006). 

In the study done by R Bora et al in 2012-13, the mean serum ferritin at 6 months follow up in 

the ECC group was 70.8 ng/ml, whereas in the UCM group it was 113.9 ng/ml with the mean 

difference of 43.9 ng/ml, being statistically significant (P value 0.001). In another study by 

Amit Upadhyay et al 2013, the mean serum ferritin at 6 weeks follow-up was significantly 

higher in UCM group (355.9µg/L) than in ICC group (177.5 µg/L) (Amit Upadhayay et al 

2013).    
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Table 22. Comparing the serum ferritin levels during follow-up with other studies 

 

Study  

Serum ferritin levels  

Remarks 

 DCC ICC  

Our study 207ng/ml Not done Follow up done at 6 weeks, 

comparison done between 

DCC and UCM in term 

neonates 

Grajeda,Perez-Escamilla and 

Dewey 199749 

130.8 

mcg/L 

119.3 

mcg/L 

follow-up done at 2months. 

Gestational age not specified 

Andersson et al.201117 117 mcg/L 81 mcg/L follow-up done at 

4months.Full term neonates 

were included for study. 

Chopra et al.201850 86ng/ml 50.5ng/ml Follow-up at 3months, GA 

>35 weeks included 

Bora et al.20159 113.9ng/ml 43.9ng/ml Follow up done at 6 months. 

And comparison was done 

between UCM and ICC. 

Ferritin level of 113.9ng/ml 

in UCM group.  

 

Other studies where iron stores compared between DCC and ICC at various period of follow 

up visits (table 22). 
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With regarding to need for phototherapy, several studies as listed in table 23 showed no 

significant risk of increase in haematocrit and serum bilirubin levels as to need for phototherapy 

and exchange transfusion in both the study groups. 

 

Table 23. Comparison between levels of Haematocrit (PCV) and Serum bilirubin levels 

in various studies. 

Study Mean PCV at 48 

hours 

Mean Serum bilirubin at 

48 hours 

No. of 

Polycythaemia 

cases 

No. cases which 

needed of 

phototherapy 

 UCM  DCC UCM DCC UCM DCC UCM DCC 

Our study 53.94 52.20 10.39 11.56 0 0 5 5 

Jaiswal et 

al.201524 

48.51 48 5.84 6 0 0 6 11 

Panburana 

et 

al.202014 

50.6 50.3 10.4 9.9 1 0 8 13 

Mangla et 

al.202045 

57.7 55.9 Not 

reported 

Not reported 0 2 1 1 

Yadav et 

al.201547 

49.9 48.8 7.2 7.2 0 0 4 4 

Upadhya 

et al.2013 

41.7 36.8 7.2 6.5 0 0 0 0 
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In our study, 5 newborns (8.92 percent) in each group had hyperbilirubinemia that required 

phototherapy, which was greater than in prior studies and in the study by Amit Upadhyay et al, 

where none of the neonates had peak hyperbilirubinemia that required phototherapy. 

Four other trials Upadhya et al.2013, Yadav et al.2015, Mangla et al.2020, Jaiswal et 

al.2015,Panburana et al.2020 22,47,45,14   were also showed difference in polycythaemia between 

the groups that had immediate and delayed cord clamping. 

 

The strengths of our study were: 

• UCM (umbilical cord milking) technique was standardized by meticulous 

demonstrations to all the postgraduates who attends the labor room calls for deliveries 

and sections. 

• Serum ferritin was used to assess iron status. 

• In our study all the clinically important side effects of increased placental transfusion 

like risk of neonatal jaundice, polycythaemia, have been recorded. 

• Follow up done at 6 weeks which was coupled with routine vaccination schedule. 

 

The limitations of our study were: 

• We did not record the amount of blood transfused in each newborn. There is currently 

no direct, accurate, and simple method for measuring blood volume. The existing 

method was too expensive for our infrastructure. 

• To minimise frequent blood samplings, we assessed the serum bilirubin level only once 

at 48 hours. 
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• We relied on clinical history and examination rather than lab tests, such as CRP, to rule 

out sepsis at 6 weeks of age. Some newborns may have had falsely elevated serum 

ferritin levels due to subclinical sepsis. 

• Our follow-up duration was relatively short.  

 

 

 

Conclusion: 

1. UCM is as effective as Delayed cord clamping in achieving higher haemoglobin and 

ferritin levels in both caesarean and vaginal deliveries in term infants. 

2. At 48 hours of life, both umbilical cord milking and delayed cord clamping produced 

equivalent amounts of haemoglobin and haematocrit, indicating that both groups get a 

similar amount of placental transfusion.  

3. When compared to delayed cord clamping, umbilical cord milking resulted in higher 

iron reserves at 6 weeks. 

4. There is no increased risk of polycythaemia or hyperbilirubinemia requiring exchange 

transfusion by umbilical cord milking method of placental transfusion. 

5. As DCC has already been recommended universally as standard care of placental 

transfusion in most deliveries by WHO, American Academy of Paediatrics, and ACOG 

(American college of obstetrics and gynaecology), If DCC is not an option, we 

recommend using UCM in term neonates. 
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SUMMARY: 

This study entitled “EFFECTS OF UMBILICAL CORD MILKING ON 

HAEMATOLOGICAL PARAMETERS IN TERM NEONATES A CASE CONTROL 

STUDY IN TERTIARY CARE HOSPITAL” was done to compare the differences 

between two methods of placental transfusion (Delayed cord clamping and umbilical cord 

milking) with respect to amount of blood transfusion during birth and their effect of other 

haematological parameters like iron stores at 6 weeks follow-up. During study period 

intervention was done in about 517 cases after excluding all exclusion criteria. Sample size 

was 50 cases in each study group. However out of 517 cases, many cases lost for follow-up 

due to covid 19 lockdown. Total 112 cases (56 in each group) completed the full study 

including 6 weeks follow-up. Comparison was done between two groups and described in 

results and analysis.    

Findings are inferred from our study are: Umbilical cord milking is as effective as Delayed 

cord clamping in achieving higher haemoglobin and ferritin levels in both caesarean and 

vaginal deliveries in term infants. Both methods of placental transfusion produced equivalent 

amounts of haemoglobin and haematocrit, indicating that both groups get a similar amount of 

placental transfusion. When compared to delayed cord clamping, umbilical cord milking 

resulted in higher iron reserves at 6 weeks. There is no increased risk of polycythaemia or 

hyperbilirubinemia requiring exchange transfusion by umbilical cord milking method of 

placental transfusion. And hence it can be safely implemented at institution levels. National 

and international health organizations need to provide guidelines for the implementation of 

UCM procedure instead of immediate cord clamping when DCC is not feasible or 

contraindicated. Thus, to prevent deprivation of newborn from its potential extra placental 

blood which is rich in red blood cells and stem cells. This can effectively prevent the anaemia 

of early infancy. 
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Implication for practice: 

Umbilical cord milking (UCM) can be safely implemented in health care institutions in the 

situations where DCC is practically not feasible and/ or contraindicated. 

Implication for further research: 

1. Studies with a longer follow-up period of 6-12 months are needed to see if the initial benefits 

in haemoglobin and ferritin are maintained later in childhood. 

2. Larger sample size studies with neurodevelopment as an outcome are required. 

 

 

 

 

 

 

 

 

 

 

 

 

 



78 
 

References: 

1. McLean E, Cogswell M, Egli I, Wojdyla D, De Benoist B. Worldwide prevalence of 

anaemia, WHO Vitamin and Mineral Nutrition Information System, 1993-2005. 

Public Health Nutr. 2009;12(4):444–54.  

2.  Balarajan Y, Ramakrishnan U, Özaltin E, Shankar AH, Subramanian SV. Anaemia in 

low-income and middle-income countries. Lancet. 2011;378(9809):2123–35. 

Available from: http://dx.doi.org/10.1016/S0140-6736(10)62304-5 

3.  WHO. The World Health Organization Report 2002: reducing risks, promoting healthy 

life. Geneva: World Health Organization;2002. Available from: 

https://www.who.int/publications/i/item/9241562072  

4.  Rothman JA. Iron-Deficiency Anemia. In: Kliegman RM, GemeST, Blum NJ, Shah 

SS, Tasker RC, Wilson KM, Behrman RE (eds.). Nelson Textbook of Pediatrics vol 2. 

Philadelphia: Elsevier (India);2019. p.2522 

5.   International Institute for Population Sciences (IIPS) and Macro International. 

National Family Health Survey (NFHS-3), 2005–06: India. Vol.1. Mumbai: IIPS, 

2007. Available from: https://dhsprogram.com/pubs/pdf/frind3/frind3-

vol1andvol2.pdf. 

6.  Lozoff B, Georgieff MK. Iron deficiency and brain development. Semin Pediatr 

Neurol. 2006;13(3):158–65.  

7.  Lozoff B. Iron deficiency and child development. Food Nutr Bull. 2007;28(4 

SUPPL.):560–71.  

8.  El Hioui M, Ahami AOT, Aboussaleh Y, Azzaoui FZ, Rusinek S. Effect of iron-

deficiency on cognitive skills and neuromaturation in infancy and childhood. Sci Int. 

https://www.who.int/publications/i/item/9241562072
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf
https://dhsprogram.com/pubs/pdf/frind3/frind3-vol1andvol2.pdf


79 
 

2015;3(3):85–9.  

9.  Bora R, Akhtar SS, Venkatasubramaniam A, Wolfson J, Rao R. Effect of 40-cm 

segment umbilical cord milking on hemoglobin and serum ferritin at 6 months of age 

in full-term infants of anemic and non-anemic mothers. J Perinatol. 2015;35(10):832–

6.  

10.  Yao AC, Lind J. Blood flow in the umbilical vessels during the third stage of labor. 

Biol Neonate - Foetal Neonatal Res. 1974;25(3–4):186–93.  

11.  Dewey KG, Chaparro CM. Session 4: Mineral metabolism and body composition iron 

status of breast-fed infants: symposium on “Nutrition in early life: new horizons in a 

new century.” Proc Nutr Soc. 2007;66(3):412–22.  

12.  Farrar D, Airey R, Law GR, Tuffnell D, Cattle B, Duley L. Measuring placental 

transfusion for term births: weighing babies with cord intact. BJOG An Int J Obstet 

Gynaecol. 2011;118(1):70–5.  

13.  Jain MK, Bhedru N, Jain A. Assessment of effectiveness of delayed cord clamping and 

umbilical cord milking in early term and preterm infants. Int J Contemp Pediatr. 

2018;5(6):2071.  

14.  Panburana P, Odthon T, Pongmee P, Hansahiranwadee W. The effect of umbilical cord 

milking compared with delayed cord clamping in term neonates: a randomized 

controlled trial. Int J Womens Health. 2020;12:301–6.  

15.  Winter C, Macfarlane A, Deneux-Tharaux C, Zhang WH, Alexander S, Brocklehurst 

P, et al. Variations in policies for management of the third stage of labour and the 

immediate management of postpartum haemorrhage in Europe. 2007;114(7):845–54.  

16.  Van Rheenen PF, Brabin BJ. A practical approach to timing cord clamping in resource 



80 
 

poor settings. Br Med J. 2006;333(7575):954–8.  

17.  Andersson O, Hellström-Westas L, Andersson D, Domellöf M. Effect of delayed 

versus early umbilical cord clamping on neonatal outcomes and iron status at 4 

months: A randomised controlled trial. BMJ. 2011;343(7836):1244.  

18.  Mudur G. Doctors criticise Indian government’s advice to delay oxytocin at childbirth. 

BMJ.  2019;367(November):l6611. Available from: 

http://dx.doi.org/doi:10.1136/bmj.l6611 

19.  Mathew JL. Timing of umbilical cord clamping in term and preterm deliveries and 

infant and maternal outcomes: a systematic review of randomized controlled trials. 

Indian Pediatr. 2011;48(2):123–9.  

20.  Al-Wassia H, Shah PS. Efficacy and safety of umbilical cord milking at birth: a 

systematic review and meta-analysis. JAMA Pediatr. 2015;169(1):18–25.  

21.  Katheria AC, Brown MK, Rich W, Arnell K. Providing a placental transfusion in 

newborns who need resuscitation. Front Pediatr. 2017;5(January):1–8.  

22.  Upadhyay A, Gothwal S, Parihar R, Garg A, Gupta A, Chawla D, et al. Effect of 

umbilical cord milking in term and near term infants: randomized control trial. Am J 

Obstet Gynecol. 2013;208(2):120.e1-120.e6. Available from: 

http://dx.doi.org/10.1016/j.ajog.2012.10.884 

23.  Katheria AC, Lakshminrusimha S, Rabe H, McAdams R, Mercer JS. Placental 

transfusion: a review. J Perinatol. 2017;37(2):105–11.  

24.  Jaiswal P, Upadhyay A, Gothwal S, Singh D, Dubey K, Garg A, et al. Comparison of 

two types of intervention to enhance placental redistribution in term infants: 

randomized control trial. Eur J Pediatr. 2015;174(9):1159–67.  



81 
 

25.  Jaiswal P, Upadhyay A, Gothwal S, Singh D, Dubey K, Garg A, et al.  Comparison of 

umbilical cord milking and delayed cord clamping in term neonates: a randomized 

controlled trial. Acad J Pediatr Neonatol. 2015;1(1). DOI: 

10.19080/AJPN.2015.01.555551 

 

26.  WHO/UNICEF. Prevention and control of iron deficiency anaemia in women and 

children prevention and control of iron deficiency anaemia in women and children. 

Geneva, Switz. 1999;(February):110.  

27.  Lozoff B, Beard J, Connor J, Barbara F, Georgieff M, Schallert T. Long-lasting neural 

and behavioral effects of iron deficiency in infancy. Nutr Rev. 2006 May;64(5 Pt 

2):S34-43; discussion S72-91. Available from: 

http://www.ncbi.nlm.nih.gov/pubmed/16770951 

28.  Walters GO, Miller FM, Worwood M. Serum ferritin concentration and iron stores in 

normal subjects. J Clin Pathol. 1973;26(10):770–2.  

29.  Handelman GJ, Levin NW. Iron and anemia in human biology: a review of 

mechanisms. Heart Fail Rev. 2008;13(4):393–404.  

30.  Angelidou AI, Christou HA, Shenoi A. Anemia. In: Eichenwald EC, Hansen AR, 

Martin CR, Stark AR (eds.). Cloherty and Stark’s Manual of neonatal care. Haryana: 

Wolters Kluwer Health (India);2021.p.635-645.  

31.  Dallman PR, Yip R, Oski FA. Iron deficiency and related nutritional anemias. In: Orkin 

S, Nathan D, Ginsburg D, Look A, Fisher D, Lux S, (eds). Hematology of Infancy and 

Childhood. Philadelphia: W.B. Saunders and Company. 1993. 

32.  Institute of Medicine (US) Committee on the Prevention, Detection, and Management 



82 
 

of Iron Deficiency Anemia Among U.S. Children and Women of Childbearing Age. 

Iron Deficiency Anemia: Recommended Guidelines for the Prevention, Detection, and 

Management Among U.S. Children and Women of Childbearing Age. Earl R, Woteki 

CE, editors. Washington (DC): National Academies Press (US); 1993. Available 

from: https://www.ncbi.nlm.nih.gov/books/NBK236488/. 

33.  Chaparro CM. Setting the stage for child health and development: prevention of iron 

deficiency in early infancy. J Nutr. 2008;138(12):2529–33.  

34.  Widdowson EM, Spray CM. CHEMICAL DEVELOPMENT IN- UTERO BY. 1950;  

WIDDOWSON EM, SPRAY CM. Chemical development in utero. Arch Dis Child. 

1951 Jun;26(127):205-14. Available from. 

(https://pubmed.ncbi.nlm.nih.gov/14857788/) 

35.  Oski FA, Landaw SA. Inhibition of iron absorption from human milk by baby food. 

Am J Dis Child. 1980;134(5):459–60.  

36.  Rao R, Tkac I, Townsend EL, Gruetter R, Georgieff MK. Perinatal iron deficiency 

alters the neurochemical profile of the developing rat hippocampus. J Nutr. 

2003;133(10):3215–21.  

37.  Walter T. Effect of iron-deficiency anemia on cognitive skills and neuromaturation in 

infancy and childhood. Food Nutr Bull. 2003;24(4 SUPPLEMENT):104–10.  

38.  Brune T, Garritsen H, Witteler R, Schlake A, Wullenweber J, Louwen F, et al. 

Autologous placental blood transfusion. Biol Neonate. 2002;81:236–43.  

39.  Mercer JS, Erickson-Owens DA. Is it time to rethink cord management when 

resuscitation is needed? J Midwifery Women’s Heal. 2014;59(6):635–44.  

40.  Mcdonald SJ, Middleton P, Dowswell T, Morris PS. Cochrane in context: effect of 

https://www.ncbi.nlm.nih.gov/books/NBK236488/
https://pubmed.ncbi.nlm.nih.gov/14857788/


83 
 

timing of umbilical cord clamping in term infants on maternal and neonatal outcomes. 

Evidence-Based Child Heal. 2014;9(2):347–9.  

41.  Ononeze AB, Hutchon DJ. Attitude of obstetricians towards delayed cord clamping: a 

questionnaire-based study. J Obstet Gynaecol. 2009 Apr;29(3):223-4.  

42.  Katheria AC. Umbilical cord milking: a review. Front Pediatr. 2018;6(November):1–4.  

43.  Erickson-Owens DA, Mercer JS, Oh W. Umbilical cord milking in term infants 

delivered by cesarean section: a randomized controlled trial. J Perinatol. 

2012;32(8):580–4.  

44.  Rabe H, Jewison A, Fernandez Alvarez R, Crook D, Stilton D, Bradley R, et al. 

Milking compared with delayed cord clamping to increase placental transfusion in 

preterm neonates: a randomized controlled trial. Obstet Gynecol. 2011;117(2):205–11.  

45.  Mangla MK, Thukral A, Sankar MJ, Agarwal R, Deorari AK, Paul VK. Effect of 

umbilical cord milking vs delayed cord clamping on venous hematocrit at 48 hours in 

late preterm and term neonates: a randomized controlled trial. Indian Pediatr. 

2020;57(12):1119–23.  

46.  Hosono S, Mugishima H, Fujita H, Hosono A, Okada T, Takahashi S, et al. Blood 

pressure and urine output during the first 120 h of life in infants born at less than 29 

weeks’ gestation related to umbilical cord milking. Arch Dis Child Fetal Neonatal Ed. 

2009;94(5):328–32.  

47.  Yadav AK, Upadhyay A, Gothwal S, Dubey K, Mandal U, Yadav CP. Comparison of 

three types of intervention to enhance placental redistribution in term newborns: 

Randomized control trial. J Perinatol. 2015;35(9):720–4.  

48.  Singh V, Dewan D, Gupta A. Gupta Y, Kakkar T, Gupta R. Comparison of umbilical 



84 
 

cord milking and delayed cord clamping on haemoglobin and haematocrit levels in 

term neonates. a randomized controlled trial. Int J Sci Res. 2018;7(10):15-8 

49.  Grajeda R, Pérez-Escamilla R, Dewey KG. Delayed clamping of the umbilical cord 

improves hematologic status of Guatemalan infants at 2 mo of age. Am J Clin Nutr. 

1997;65(2):425–31.  

50.  Chopra A, Thakur A, Garg P, Kler N, Gujral K. Early versus delayed cord clamping in 

small for gestational age infants and iron stores at 3 months of age - a randomized 

controlled trial. BMC Pediatr. 2018;18(1):1–6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



85 
 

ANNEXURES 

ANNEXURE 1: PROFORMA 

CASE RECORD FORM (UCM / DCC) 

 

NAME:                                                                                                IP NO: 

AGE:                                                                                                   OP NO: 

SEX:  

DOB:                                                                                                  PHONE NO: 

ADDRESS: 

MOTHER’S HAEMOGLOBIN: 

MODE OF DELIVERY:                                                                BIRTH WEIGHT: 

METHOD OF INTERVENTION:                                                 GESTATIONAL AGE: 

AT BIRTH: CORD HAEMOGLOBIN 

AT 48 HOURS: 

• HAEMOGLOBIN 

• PCV 

• BILIRUBIN- TB 

                         DB 

AT 6TH WEEK: 

• HAEMOGLOBIN 
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• FERRITIN  

TREATMENT FOR POLYCYTHEMIA: 

❖ TREATMENT FOR HYPERBILIRUBINEMIA: 

❖ INVESTIGATIONS: 

1) CORD HAEMGLOBIN AT BIRTH 

2) HAEMOGLOBIN, PCV, BILIRUBIN (TB/DB) AT 48HOURS OF LIFE 

3) HAEMOGLOBIN AND FERRITIN AT 6WEEKS OF LIFE 
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ANNEXURE II: INFORMED COMSENT FORM 

PARENTERAL CONSENT FORM 

Investigator: Guide: 

Dr. BALAVANTHRAY D M 

Post Graduate Student,                                                                    

Department of Paediatrics, 

S.D.M College of Medical Sciences and                                  

Hospital Sattur, Dharwad-580009. 

Dr. KULKARNI POORNIMA PRAKASH 

Professor, 

Department of Paediatrics, 

S.D.M College of Medical Sciences and 

Hospital, Sattur, Dharwad-580009 

 

 

 

The study has been explained to me in detail. I understand that the information regarding me  

collected during the course of this study will remain confidential. I understand that my  

participation in this study is voluntary and that I have the right to withdraw from the study at  

any time without giving any reason. I understand that the records maintained will be used only 

for research purpose. 

I hereby agree to participate in this study. 

Name and signature of the Parent’s / Guardian’s:                                          Date: 

Name and Signature of the investigator:                                                         Date: 

“EFFECTS OF UMBILICAL CORD MILKING ON 

HAEMATOLOGICAL PARAMETERS IN TERM NEONATES A CASE 

CONTROL STUDY IN TERTIARY CARE HOSPITAL” 
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Key to master chart: 

Study groups(grp) 

1- DCC  

2- UCM 

 

Sex:  

1-Boy 

2-girl 

Mother Hb:  

1- 11.10 to 12.00 

2- 12.01-13.00 

3- >13.01 

Mode of delivery: 

1. Elective LSCS- Lower segment caesarean section 

2. Emergency LSCS 

3. FTVD (full term vaginal delivery) 

4. FTVD with MSAF (meconium stained amniotic fluid) 

5. VAVD (Vacuum assisted vaginal delivery) 

Birth weight: 

1- 2.0 to 2.5kgs 

2- 2.6 to 3.0kgs 

3- 3.10 to 3.5 kgs 

4- >3.6kgs 

 

Cord Hb: 

1- Cord Hb in DCC group 

2- Cord Hb in UCM group 

Hb at 48 hours of age: 

1- 15.1 to 16.0 

2- 16.1to 17.0 

3- 17.1 to 18.0 

4- 18.1 to 19.0 

5- 19.1 to 20.0 

6- >20.01 

PCV at 48 hours: 

1- PCV of DCC group 
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2- PCV of UCM group 

Total bilirubin (TB) levels at 48 hours: 

1- TB of DCC group 

2- TB of UCM group 

Hb at 6 weeks  

1- Hb of DCC group 

2- Hb of UCM group 

Ferritin levels at 6 weeks: 

1- Ferritin of DCC group 

2- Ferritin of UCM group 
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ANNEXURE III: MATER CHART 

 

 

 

 

 

 

 

 

 

 

 

 

 



92 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



93 
 

 

 

 

 

 

 

 

 

 

 

 


