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Abstract

Background: Delayed cord clamping (DCC) is currently recommended for preterm infants to improve blood volume
and decrease the rate of blood transfusion. Umbilical cord milking (CM) has similar advantages without interrupting
neonatal resuscitation. However, the differences in neonatal outcomes between DCC and CM have not been well
elucidated.

Objective: To compare neonatal outcomes between DCC and CM among preterm infants

Methods: Infants born at 25-34 weeks of gestation were randomly allocated to 1 of 2 groups; group | received DCC
for 60 seconds whereas group 2 received CM. Initial hemoglobin value was measured, while blood pressure and urine
output were monitored. Neonatal complications and the rate of blood transfusion were recorded.

Results: Twenty-two infants were enrolled in each group. No differences were observed regarding sex, gestational age,
birth weight, mode of delivery, Apgar scores and rate of resuscitation between groups. The initial hemoglobin level of
the DCC group [median 17.1 (13.1, 21.3) g/dL] did not differ from that of the CM group [median 17.1 (14.0, 22.5)
g/dL], p=0.963. During the first 24 hours, no significant differences were observed regarding blood pressure and urine
output between groups. No differences were found in the rates of hypothermia, hyperbilirubinemia, intraventricular
hemorrhage, necrotizing enterocolitis and rate of blood transtusion.

Conclusion: We demonstrated no different effects on neonatal outcomes between DCC and CM among preterm
infants. CM can be applied as an alternative to DCC especially in emergency situations. However, larger studies are
warranted to determine the etfects and satety of CM among preterm infants.
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Introduction

Currently, strong evidence supports delayed cord
clamping (DCC) over immediate cord clamping (ICC)
among preterm infants."’ Many studies have confirmed that
DCC increased initial hematocrit levels (2—41’ improved
transitional hemodynamic status “”, decreased blood
transfusion due to anemia™ ” and reduced rates of
intraventricular hemorrhage.”"" Since 2006,
professional societies and committees have recommended
DCC for at least 30 seconds at preterm births."*"” Umbilical
cord milking (UM) was proposed as an alternative to DCC
without delayed neonatal resuscitation and was proved to
have similar benefits compared with ICC. “**" However,

many

UM has not been recommended especially among infants
born at less than 29 weeks of gestation due to the issue of
rapid changes of blood volume. To date, only a few studies
have been conducted comparing neonatal outcomes

23,24
& There-

between DCC and CM among preterm infants.
fore, we conducted a randomized controlled trial to
compare initial hemoglobin and hematocrit levels and short
term outcomes between DCC and CM among preterm

infants,

Methods

This study was conducted in a single tertiary care center,
Phramongkutklao Hospital, Bangkok, Thailand. Preterm
infants delivered between 25 and 34 completed weeks of
gestation were included when parental informed consent
was obtained before delivery. Exclusion criteria included
multiple pregnancies, hydrops fetalis, known major congenital
anomalies, maternal bleeding from the placental previa
or abruption, intention to withhold care, obstetrician’s
disagreement or parental refusal to participate in the
study. Infants were allocated immediately before delivery
to one of two groups using random permuted blocks of
4 sequentially numbered opaque sealed envelopes.
Randomization was stratitied by gestational age, <30 weeks
and >30 weeks. For the DCC group, umbilical cord clamping
was delayed for 60 seconds after delivering the infant’s
whole body. For the CM group, about 30 cm of umbilical
cord was milked towards the umbilicus four times before
clamping the cord. During the procedures, the infant was
held at the introitus level for vaginal delivery or placed
between the mother’s thighs for cesarean section. A digital
stopwatch was used to indicate timing of cord clamping in each
delivery. Interruption of the procedure for cardiopulmonary

resuscitation depended on the infant’s condition and
physician’s decision. Subsequent management was at the
consideration of the attending neonatologist. The primary
outcomes were venous hematocrit and hemoglobin levels
obtained within 2 hours after birth. The secondary outcomes
were blood pressure, urine output, volume replacement or
inotropic support for hypotension during the first 24 hours
of life and blood transtusion for anemia within 28 days of
age. The variables measured included hypothermia,
polycythemia, peak serum bilirubin level, duration of
phototherapy, duration of oxygen supplementation and
morbidities including respiratory distress syndrome, patent
ductus arteriosus, intraventricular hemorrhage, periven-
tricular leukomalacia, necrotizing enterocolitis stage, late
onset sepsis, chronic lung disease and retinopathy of
prematurity. The sample size was calculated based on the
difference in hematocrit level at 8% with type I error ot 0.05
and power of 0.80. The number of infants needed in each
group totaled 23. Comparisons between the two groups
were analyzed using the Mann-Whitney U test for continuous
data and Chi-square or Fisher’s Exact test for categorical
data. Data were analyzed on an intention-to-treat basis.

Results

Forty-four ot 93 eligible infants were recruited in the study.
Twenty-two were randomly allocated to each group (Fig 1).
The median time of cord clamping in the CM group was 11.5
(4-43) seconds. No significant differences were observed re-
garding sex, gestational age, birth weight, mode of delivery,
Apgar scores, requirement for resuscitation and rectal tem-
perature between the two groups (Table 1). The initial hemo-
globin and hemoglobin levels, mean blood pressure, heart
rate, urine output and hypotension requiring fluid or inotropic
therapy were comparable between both groups (Table 2).
Peak serum bilirubin, duration of phototherapy, rate of blood
transfusion due to anemia, incidence of intraventricular hem-
orrhage, necrotizing enterocolitis and other morbidities did
not differ between the two groups (Table 3). The results did
not change when performing subgroup analysis based on
gestational age (<30, >30 weeks). One infant in the DCC
group presented asymptomatic polycythemia with a hemato-
crit of 66.7%. One infant in the DCC group died on the 9"
day of life due to severe pneumoniaand acute kidney injury.
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Fig 1. Flow chart of subject recruitment and analysis in the trial

Table 1. Demographic data and delivery room outcome

Delayed Milking p-value
n=22 n=22

Maternal preeclampsia or chronic 11 (50.0) 11 (50.0) 1.000
hypertension (%)
Maternal diabetes (%) 1(4.50) 4(18.2) 0.345
Male gender (%) 12 (54.5) 12 (54.5) 1.000
Gestational age (week) 32 (27-34) 33 (26-34) 0.410

< 30 weeks 527 6(27.3)

> 30 weeks 17 (72.3) 16 (72.7)
Birth weight (gram) 1724 (922, 2210) 1766 (682, 2280) 0.925
Small for gestational age 0 (0.0) 1(4.5) 1.000
Large for gestational age 1(4.5) 0 (0.0) 1.000
Cesarean delivery (%) 15 (68.2) 15(68.2) 1.000
Apgar score at 1 minute 7.5(2,9 6(0,9) 0.106
Apgar score at 5 minutes 8(5,9) 8(1,9) 0.323
Apgar score < 5 at 5 minutes (%) 0(0.0) 2(9.1) 0.488
Chest compression or adrenaline (%) 1(4.5) 2(9.1) 1.000
Delivery room temperature (’OC) 36.5 (35.3, 37.0) 36.4(35.1,37.2) 0.828
Hypothermia (%) 11 (50.5) 12 (54.5) 0.763
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Table 2. Hematocrit and hemoglobin levels and hemodynamic status within 24 hours of life

Variables Delayed Milking p-value
n=22 n=22
Hematocrit within 2 hours (%) 49.8 (36.9, 66.7) 50.8 (38.8, 64.8) 0.760
Hemoglobin within 2 hours (g/dL) 17.1(13.1,21.3) 17.1 (14.0, 22.5) 0.963
Mean blood pressure (mmHg) 45.7(40.0, 54.3) 46.0 (39.7, 57.3) 0.817
Heart rate (beats /min) 141.7 (120.7, 157.3) 137.7(115.0, 170.3) 0.337
Urine output (mL/kg) 70.2 (7.1, 143.5) 82.7 (30.6, 151.8) 0.253
Fluid replacement (%) 3(13.6) 4(18.2) 1.000
Inotropic drug (%) 2(9.1) 2(9.1) 1.000

Table 3. Neonatal outcomes

Variables Delayed Milking p-value
n=22 n=22
Maximum bilirubin (mg/dL) 8.8 (6.4, 12.5) 8.8 (3.0, 15.0) 0.991
Duration of phototherapy (day) 3.5(0,9) 2(0, 6) 0.081
Polycythemia (%) 1(4.5) 0(0.0) 1.000
Blood transfusion within 28 days (%) 3(13.6) 4(18.2) 1.000
Respiratory distress syndrome (%) 6(27.3) 5(22.7) 0.728
Patent ductus arteriosus (%) 5(22.7) 3(13.6) 0.698
Intraventricular hemorrhage (%) 1(4.5) 2(9.1) 1.000
Necrotizing enterocolitis (%) 0(0.0) 2(9.1) 0.488
Late-sepsis (%) 2/21(9.5) 3/22 (13.6) 1.000
Chronic lung disease (%) 4/21(19.0) 4/22 (18.2) 1.000
Retinopathy of prematurity requiring laser 0/21 (0.0) 1/22 (4.5) 1.000

therapy (%)
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Discussion

Our study demonstrated that CM was comparable to
DCC regarding the effect on initial hematologic values and
hemodynamic status among preterm infants. Recently, only
a few studies have compared DCC and CM among preterm
infants with equivocal results. Rabe et al * did not find
differences in initial hematocrit, maximum serum bilirubin
and morbidities between the groups. In contrast, Katheria,

. *¥ exhibited higher delivery room temperature, initial

eta
hemoglobin, urine output and blood pressure among infants
delivered by cesarean section that underwent CM.No such
ditferences were observed in vaginally delivered infants.
The disparity between these two studies was probably due
to the higher rate of cesarean section among infants
undergoing CM in Rabe et al.”” It has been speculated that
anesthesia and surgical intervention may interfere
with uterinecontraction which subsequently resulted in
decreased blood tlow from the placenta to the infant. Our
study revealed a high rate of cesarean delivery but the rate
was comparable in both groups. The method of our study
ditfered slightly from others, e.g., length of milked cord and
infant position during the procedures. The median time of
cord clamping in our CM group (11.5 seconds) was almost
one half of Katheria et al. (20 seconds).”” The shorter and
varied time of CM in our study may have attected blood
volume transferred from the placenta to the infant. One
infant in the DCC group had polycythemia. She was a
32-week-gestation, 1,848 gm infant born to a mother who
had chronic hypertension with superimposed pre-eclasia.
Though intra-uterine growth restriction, large for gestational
age and infants of diabetic mothers are important risks
factors for neonatal polycythemia, we did not observe
polycythemia among other infants at risk. We propose that
the risks should not be contraindications for DCC or CM
among preterm infants. However, further studies are
warranted to determine the optimal timing for DCC and
technique of CM in this group of infants.Our study had
limitation from the inadequate power to compare
complications of the procedures and neonatal morbidities
between the two groups. Despite being an alternative to
DCC, one concern is that CM may provide rapid bolus of
blood to the infant. Moreover, the effec- tiveness of CM
may depend on the milking technique and time of cord

clamping which may vary from case to case.

Conclusion

We conclude that performing DCC or CM during vaginal
or cesarean deliveries is feasible. Both procedures provided
comparable effects on short term outcomes among preterm
infants. We suggest that larger studies be undertaken to
answer unclear questions. In addition, further studies on
long term neuro-developmental outcomes in both DCC and
CM groups are warranted.
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