THE JOURNAL OF
OBSTETRICS
AND
GYNECOLOGY
OF INDIA

The Journal of Obstetrics and Gynecology of India (July-August 2022) 72(4):291-298
https://doi.org/10.1007/513224-021-01515-9

ORIGINAL ARTICLE q

Check for
updates

Effect of Umbilical Cord Milking on Maternal and Neonatal Outcomes
in a Tertiary Care Hospital in South India: A Randomized Control Trial

Anu Anna George' ® - Mini Isac’

Received: 5 April 2021 / Accepted: 1 June 2021 / Published online: 24 June 2021
© Federation of Obstetric & Gynecological Societies of India 2021

Abstract

Background and Aim Umbilical cord milking (UCM) has been theorized to increase placental blood transfusion then again,
the optimal method of cord clamping at birth is still contested. We aimed to analyse the effects of UCM on the neonatal
haematological parameters at 72 h and 6 weeks of age and its association with any adverse effects.

Materials and Methods In this randomized control trial, mothers > 34 weeks were randomized into two arms. Under the
intervention group, the cord was milked three times before clamping and cutting whereas the controls had the cord clamped
and cut without milking. Haemoglobin and haematocrit levels were measured at 72 h. and at 6 weeks.

Results A total of 170 mothers were enrolled with 85 subjects in each arm. Baseline characteristics were comparable. In the
intervention arm, the mean haemoglobin [18.1 (2.4) g/dL] and haematocrit [54 (7) %] were significantly higher as compared
to the control arm [16.4 (2.1) g/dL and 48 (6) %], at 72 h of age. There was also significant increase in the mean haemoglobin
[11.6 (1.3) g/dL] and haematocrit [34 (4) %] compared to the controls [10.1 (1.1) g/dL and 30 (3) %], at 6 weeks. No statistical
difference was found in the incidence of PPH and duration of third stage. There was no significant rise in hyperbilirubinaemia,
phototherapy requirement and polycythaemia among neonates in the intervention group.

Conclusion Umbilical cord milking is a sound practical approach to raise the haemoglobin and haematocrit levels up to
6 weeks thereby decreasing the proportion of anaemic infants.

Keywords Cord milking - Neonate - Anaemia - Placental transfusion

Introduction needs of a neonate for around 3 months (RCOG scientific

impact paper, 2018). Conversely, umbilical cord milking

Immediate cord clamping (ICC) was introduced as part of
routine care without meticulous evaluation. This method
reduces placental transfusion and potentially deprives the
new born baby of 20-30 mg/kg of iron, sufficient for the
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(UCM), performed on a 30 cm length of the cord would
transfuse approx. About 18 ml/kg of whole blood to the
infant equivalent to 13 ml of packed red cells [1]. But stud-
ies on cord milking were limited and delayed cord clamp-
ing has gained favour for term and preterm infants (ACOG
committee opinion, 2017) as standard practice. However,
a recent systematic review inferred that UCM resulted in
haemoglobin (Hgb) and haematocrit (HCT) levels similar
to delayed clamping with the benefit of being completed in
a short time [2]. Also, a meta-analysis had not found any
association of UCM with increased incidence of hyperbili-
rubinaemia or other neonatal complications [3]. Albeit,
currently evidence is insufficient to confirm or refute the
benefits from UCM in infants and before we adopt it uni-
versally, we need to analyse the potential dangers as well.

We aimed to investigate (1) the effects of UCM on the
haematological parameters at 72 h and 6 weeks of age
among late preterm and term neonates when compared to
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ICC and (2) if this intervention resulted in any maternal or
neonatal sequelae.

Materials and Methods

This was a single centre, blinded, placebo-controlled par-
allel-group study with balanced randomization (1:1) con-
ducted from November 2017 to May 2018 in the Depart-
ment of Obstetrics and Gynaecology in MOSC Medical
College, Kolenchery, Kerala, India. The primary investiga-
tor approached expectant mothers beyond 34 weeks who
were admitted to the labour ward. An informed consent
was obtained and their demographic details were collected
through interview. Gestational age was determined from
the last menstrual period (LMP) and corrected with the first
trimester ultrasound if the mother had irregular cycles. We
included all infants from 34%7 to 407 completed weeks.
We excluded mothers with multiple pregnancies, pregnancy
complicated with diabetes, hypertensive disorders and
antepartum haemorrhage as well as Rh-negative mothers
and those with foetal complications like IUGR or a major
congenital anomaly.

Randomization was done by permuted block randomi-
zation with allocation concealment. When a woman enters
active labour, a single opaque sealed envelope with computer
generated numbers was opened and appropriate interven-
tion performed. The blinding was achieved by not disclosing
the allocation arm before measuring the haemoglobin and
haematocrit levels.

Sample Size Estimation

The sample size was calculated using the nMaster sample
size software developed in CMC Vellore, India (https://
www.cmc-biostatistics.ac.in/nmaster). A previous study [4]
in North India showed a mean increase in Hgb of 1.1+1.2 g/
dl at 6 weeks when infants were subject to UCM. Using this
data, we estimated that to detect a mean increase in Hgb of
0.6 g/dl with UCM compared to ICC with 80% power and
a 2-tailed alpha value of 0.05 we had to enrol 71 subjects
in each group (total 142 neonates). Since a follow-up was
required, a drop out of 15% was anticipated and 170 mothers
were included in the study.

Intervention
Under the intervention arm, the cord was held at the introi-
tus or at the wound in caesarean delivery with one hand

and milking of the umbilical cord was done for its remain-
ing accessible length (approx. 20 cm). The milking was
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performed at an average speed of 10 cm per sec., three
times after which the cord was clamped and cut. A stand-
ard stop watch was used to ensure that the procedure was
completed in <30 s. This technique of umbilical cord
milking—its length, with time to be taken were stand-
ardized through repeated demonstrations to all attending
obstetricians before the onset of the study. This group was
allocated as the UCM group. Neonates who underwent
ICC were designated as the control group. Both groups
had the neonate held at the level of the uterus in normal
delivery and at the level of the thighs in caesarean. All
neonates were provided routine care and attended to by a
neonatologist who assessed the general condition of the
neonate.

After delivery, mothers were strictly monitored for any
third stage complications. All of them received intrave-
nous oxytocin, 5 units IV, 10 units IM and 20 units in
500 ml Ringer Lactate at 60 drops per minute as per insti-
tute protocol.

Outcome Measurement

The primary outcome of the study was Hgb and HCT at
72 h and 6 weeks. Secondary outcomes were (1) maternal
complications, i.e. post-partum haemorrhage, duration of
third stage (2) neonatal complications like hyperbilirubi-
naemia requiring phototherapy, symptomatic polycythae-
mia and unplanned admissions to NICU.

Post-partum haemorrhage (PPH) was estimated through
weighing all the blood-soaked delivery pads and mops
along with the blood in the delivery pan and those with
a blood loss > 500 ml for normal delivery and > 1000 ml
for caesarean section was taken to have PPH. The need for
extra uterotonics and blood transfusions were recorded.
The time to delivery of the placenta after delivery of the
infant defined as the third stage duration was measured by
wall mounted digital clocks available in the labour room
or operation theatre.

At 24 h of age, all neonates had their bilirubin level
(TcB) measured using a transcutaneous bilirubinometer
and the infants were treated with phototherapy if the value
was > 13.5 for term and > 13 for preterm infants (Institute
Protocol). The duration of phototherapy was charted and
any pathological causes for the same were investigated.
All neonates were closely monitored for any complications
and the required data were collected from case sheets. At
72 h, the Hgb and HCT levels were measured in the cap-
illary blood sample (heel-prick sample) using the port-
able Hgb meter—Mission® Hb meter that has a measur-
ing range of 5-25.6 g/dl. The duration of phototherapy
required to correct the hyperbilirubinaemia was also noted.
Polycythaemia was defined as a HCT value > 65% at 72 h
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of age, those infants who developed polycythaemia were
closely observed for any symptoms.

Follow up

We listed the contact numbers of the parents and followed
them up via phone to detect any untoward events and ensure
an attendance for a postnatal visit at 6 weeks of age. At visit,
the Hgb and HCT values of the infant was measured using
the Hgb meter, in the out-patient department. All the infants
who had a Hgb <9.4 g/dL [S5] were taken to be anaemic and
referred to the paediatrician for further evaluation.

Statistical Analysis

Data was input using Microsoft excel spread sheet and ana-
lysed using the SPSS software. Quantitative variables were
represented using mean and standard deviation. Qualitative
variables were expressed in proportions. Repeated measure
ANOVA was performed for the comparison of quantitative
variables at two time points. Rest of the quantitative varia-
bles were measured using Student ‘#’ test. Chi-square/Fisher
exact test and Mann Whitney U were used for the analysis of
qualitative variables. A p-value of less than 0.05 was taken
as statistically significant.

Ethical Considerations

Ethical clearance was obtained from the Research Ethics
Committee of the Institutional Review Board in MOSC
Medical College, Kolenchery, India. Confidentiality was
strictly maintained. No additional cost was incurred by
the participants. The trial was prospectively registered
under the Clinical Trial Registry of India. www.ctri.nic.in
(CTRI/2017/10/009970).

Results

During our study period, 300 mothers presented in spon-
taneous labour to the labour ward. Of them 94 participants
were excluded based on our selection criteria. The remaining
mothers were randomized into the control group and inter-
vention group with 85 mothers in each. Of the 170 neonates
enrolled, 144 (125 term and 19 late preterm) completed the
trial (Fig. 1). Characteristics of both groups are comparable
(Table 1).

At 72 h and at 6 weeks, the mean Hgb and HCT lev-
els were significantly higher in the intervention group
that underwent cord milking compared with the controls
(»<0.001) (Table 2). The 95% confidence interval (CI) of
gain in Hgb due to cord milking was 2.4-1.0 g/dl and HCT

was 7-3% at 72 h and the gain had a CI of 1.9-1.1 g/dlI for
Hgb and 6-3% for HCT at 6 weeks. The decreasing trend of
the Hgb and HCT from the 3rd day of life to the 6th week is
consistent with the natural physiological process and Fig. 2
indicates that a higher Hgb and HCT at 3 days will result
in better levels at 6 weeks. On subgroup analysis, similar
findings were observed in late preterm and term infants. We
have observed that the proportion of anaemic infants were
similar at 72 h between the two groups (5.6% in intervention
arm and 2.7% in the control arm), but there was rise in the
proportion (31%) by 6 weeks in the control arm compared
to the intervention arm (n=0). Twenty-five neonates were
born through caesarean section and rest vaginally, on sub
group analysis the Hgb levels were not significantly higher
at 72 h but there was a significant difference at 6 weeks with
the mean Hgb in the intervention arm being 11.1 g/dl and in
the controls, being 9.9 g/dl.

We analysed the bilirubin levels (TcB) at 24 h and there
was no significant difference in the levels among the two
groups even though a total of 100 infants (81 term infants,
19 preterm infants) developed hyperbilirubinaemia of which
all required phototherapy (Table 3). Five infants (3-interven-
tion group, 2-control group) in our study required Phenobar-
bitone injections to lower the bilirubin levels. Two infants
were DCT positive (control group) and were excluded from
further analysis. There was no statistically significant dif-
ference in the hours of phototherapy required to correct the
hyperbilirubinaemia between the two groups. Only term
neonates developed polycythaemia in our study with seven
neonates being in the intervention group compared to one
neonate among controls, but all of them were asymptomatic
and this difference was not statistically significant. Among
the late preterm, three infants from both groups required
admission to the NICU but among the term infants more
infants (n=17) in the intervention group required NICU
admission compared to controls (n=10) but this difference
was not statistically significant and none of them developed
severe complications. On follow up, one preterm and one
term neonate (both controls) developed sepsis and were
excluded from the study.

We also monitored for maternal complications and found
that only one patient in the intervention arm developed PPH
which was well controlled with uterotonics. And, there was
no significant change in the third stage duration as a result
of cord milking.

Discussion
In our study, we have found that UCM results in a

mean increase of the Hgb and HCT levels at 72 h and
at 6 weeks in the term neonates when compared to ICC.
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Fig.1 Study flow diagram
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Table 1 Baseline characteristics Characteristic Intervention group ~ Control group (n=285) p value
(n=85)
Maternal age (years) 26.75 (4.16) 27.11 (3.87) 0.57
Middle socio-economic status® 79 (93%) 79 (93%) 0.07
Maternal BMI (kg/m?) 23.77 (4.31) 24.24 (4.15) 0.47
Nulliparous* 45 (53%) 44 (52%) 0.88
Maternal Hb (g/dl) 11.22 (0.90) 11.25 (0.91) 0.83
Vaginal delivery” 72 (85%) 73 (86%) 0.83
Gestational age (days) 27009) 270 (10) 0.79
Birth weight (kg) 3.06 (0.42) 3.02 (0.47) 0.54
Gender, female® 41 (48%) 40 (47%) 0.88
ABO incompatibility* 3(3.5%) 5(6%) 0.45
Exclusive breast feeding at 6 weeks" 85 (100%) 85 (100%) 1
Mean (SD), value (percentage)
Hgb, haemoglobin, test of significance, Student t test (continuous data)
#Fisher’s exact test/;(z test (non-continuous data)
Table 2 Haematological parameters
Overall infants Late preterm infants Term infants p value for
. - - all groups
Intervention Control Intervention Control Intervention Control group (n="72)
group (n=285)  group group (n=11)  group group (n="74)
(n=85) (n=13)
Hb at 72 h, g/dl 18.1(2.4) 16.4(2.1) 17.4(1.5) 16.1(1.7) 18.2(2.5) 16.4(2.1) <0.05
Hctat 72 h, % 54(7) 48(6) 51(4) 47(5) 54(7) 48(6) <0.05
TcB at24 h 12.1(3.6) 12.2(3.6) 12.8(3.3) 14.2(1.4) 12.0(3.6) 11.9(3.8) >0.05
Hb at 6wks, g/dl 11.6(1.3) 10.1(1.1) 11.0(1.0) 10.2(1.2) 11.7(1.3) 10.1 (1.1) <0.05
(n=173) (n=171) (n=10) n=9) (n=63) (n=62)
Hct at 6wks, % 34(4) 30(3) 32(3) 30(4) 35(4) 30(3) <0.05
(n=173) (n=71) (n=10) n=9) (n=63) (n=62)

Mean (SD). Test of significance was repeated measure ANNOVA
Hb, Haemoglobin; Hct, Haematocrit; TcB, Transcutaneous Bilirubin

Number of subject at birth is mentioned in this table top and number of subjects at 6 weeks is mentioned in relevant boxes below

Our haemoglobin levels are similar with a previous study
where milking five times of a clamped cord results in
a higher Hgb at 6 weeks after birth in term infants [6].
Among the preterm neonates also, the results are similar
and the mean increase in Hgb is concurrent with a previ-
ous study that showed Hgb at 24 h of age were signifi-
cantly higher in the UCM group compared to ICC [7]. We
have milked the cord at the perineum three times while
the umbilical cord is still attached to the placenta as per-
formed by Katheria et al [8]. This method was found to
increase the amount of blood volume transfused when
compared to milking after cord clamping that results in
transfusion of a fixed blood volume [9]. We adopted this
method as a meta-analyses of seven trials that involved
UCM with an intact cord in premature new-borns revealed,
an increase in Hb and decreased IVH of all grades in the

milked arm compared with those who underwent ICC,
with no adverse effects in the immediate postnatal period
[3]. All parameters were tested using a portable haemo-
globinometer as this requires only 10 pl of blood and many
studies [10, 11] have shown comparable results with the
standard automated haematology analyser. The rise in
Hgb due to cord milking resulted in no infants becom-
ing anaemic in the intervention group compared to the
controls at 6 weeks. Hence, UCM may play a role in vent-
ing undetected childhood anaemia that is essential for the
cognitive development and the linear growth of a child,
particularly in low resource settings [12]. It is postulated
that during caesarean sections, lack of a good uterine tone,
and time constraints of a major surgery hinders the natural
placental transfusion. Zanardo et al. conducted a trial that
showed, intact UCM is an efficacious and safe procedure
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Fig. 2 Profile plots of haemoglobin and haematocrit at 72 h and at 6 weeks in whole sample

to enhance placental transfusion among neonates born via

data from previous studies [14, 15]. Of late a cohort study

Table 3 Complications

Intervention group  Control group (n=385) p value
(n=285)
Maternal
Presence of PPH 1 0 >0.05
Duration of third stage (min) 4.96 (1.18)* 5.08(1.53)* >0.05
Neonatal
Hyperbilirubinaemia 48 52 >0.05
Duration of phototherapy (h) 24[24.,481* 24[24,571* >0.05
(n=48) (n=52)
Polycythaemia 7 1 >0.05
Term neonates admitted to NICU 23% 14% >0.05
(n=174) (n=172)

Test of significance is Fisher’s exact test/y” test

*Mean (SD), test of significance is student  test

#Median [0, O,], non-parametric Mann—Whitney U test

elective caesareans [13]. Among the caesarean sections in
our study, the mean Hgb was significantly higher in the
intervention group compared to controls at 6 weeks. How-
ever, our inferences are limited as we have not quantified
the iron status of the mother and the neonate.

Concerns about short-term adverse effects, such as
hyperbilirubinaemia needing phototherapy, symptomatic
polycythaemia, increased hospital length of stay (LOS) is
a major hindrance to performing milking in term infants.
Sixty-five per cent of the term infants in our study developed
hyperbilirubinaemia requiring phototherapy but there was
no statistical difference between the two groups, similar to
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demonstrated that UCM in term infants was not associated
with increased incidence of phototherapy, symptomatic
polycythaemia, NICU admissions or readmissions for pho-
totherapy compared with cohort of infants who received
ICC [16]. We observed that, though all the preterm neo-
nates in our study developed hyperbilirubinaemia there was
no statistical association with cord milking. Also, there was
no significant rise in the incidence of polycythaemia in the
intervention arm which is in par with studies that have sug-
gested, babies who receive UCM do not have an increased
risk of polycythaemia [15, 17]. Nevertheless, in our study,
the proportion of preterm infants (14%) is less which makes
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it underpowered to detect the risk of intraventricular haem-
orrhage which has been described as a probable complica-
tion among preterm neonates in a recent study [18].

The active management of third stage of labour that was
developed by the World Health Organization (WHO) ini-
tially advocated that early cord clamping was required to
reduce the risk of PPH. However, evidence has showed that
among the key components only prophylactic utero-tonic
therapy actually reduces the risk [19]. Accordingly, we also
did not observe any increase in the incidence of PPH and
third stage duration by performing cord milking. However
there has been contrasting studies where Piyadigama et al.
[20] showed that there was a Hb drop of 1.0 g/ dI when the
cord was milked whereas Song et al. observed there was no
difference in maternal haemoglobin levels after delivery and
incidence of PPH due to cord milking [7].

As the debate on the optimal method of cord clamping
at childbirth continues, we hope this study could heighten
our current knowledge on cord milking which could help
incorporate the practice into standard care.

Conclusion

UCM could be universally adopted in lieu of immediate
clamping without causing any adverse maternal or neonatal
effects and eventually become a cost-effective intervention
for the primary prevention of anaemia in childhood.
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