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Objective
To investigate the safety of umbilical cord milking on both the mother and neonate among very preterm deliveries of
less than 33 weeks of gestation.

Methods

Pregnant women who were expected to deliver at between 24 0/7 and 32 6/7 weeks of gestation were randomized
to either the umbilical cord milking or immediate cord clamping group. Maternal and neonatal data associated with
delivery, in addition to neonatal morbidity and mortality data, were collected and analyzed.

Results

Of the 66 preterm deliveries included in the study, 34 were randomized into the milking and 32 into the clamping
group. Differences between maternal pre- and post-partum hemoglobin levels were 1.35 g/dL in the milking and 1.58
g/dL in the clamping group (P=0.451). Neonatal Apgar scores at both 1 and 5 minutes, initial blood gas analysis results,
body temperature at admission, need for early intubation, and maximum bilirubin levels were all similar between
the 2 groups. However, neonatal hemoglobin levels at birth (15.79 vs. 14.69 g/dL; P<0.05) and at 24 hours of age
(14.83 vs. 13.29 g/dL; P<0.05) were significantly higher in the milking group. Neonates in the clamping group required
more blood transfusion (1.78 vs. 0.93; P=0.049), and a higher percentage of neonates in the clamping group required
inotropic drugs (63% vs. 29%; P=0.007). The mortality rate was significantly lower in the milking group (6% vs. 28%;
P=0.015).

Conclusion
Umbilical cord milking can be a safe and beneficial procedure for both the mother and the neonate in deliveries of
less than 33 weeks of gestation.
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Introduction

Establishing effective circulation with sufficient blood volume
is crucial for the survival of preterm infants. To this end, pro-
cedures that enhance autologous transfusion from the pla-
centa to the neonate, such as delayed cord clamping (DCC)
or umbilical cord milking have been investigated. These pro-
cedures are known to provide up to 30% more blood volume
and 60% more red blood cells to neonates than immediate
cord clamping [1]. Growing evidence from current studies
highlights the neonatal benefits of these volume-enhancing
strategies, such as higher levels of hemoglobin [1,2], a lower
need for blood transfusions [3], and lower prevalence of
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necrotizing enterocolitis (NEC) [4] and intraventricular hemor-
rhage (IVH) [5]. Based on these results, the American College
of Obstetricians and Gynecologists have recommended delay-
ing cord clamping for 30 to 60 seconds in preterm deliveries
"when feasible” [6].

Despite the expected benefits outlined above, there are still
barriers to implementing these blood volume-transferring
measures routinely in clinical practice, especially in very pre-
term deliveries. First, one major concern is the consequences
associated with delaying urgent resuscitation, which is usu-
ally anticipated in such cases. Wiberg et al. [7] studied the
influence of DCC on cord blood gas analysis, and found that
it was associated with significantly decreased pH and HCO;
levels, and increased lactic acid levels. Also, delayed resuscita-
tion of the neonate might lead to hypothermia and the need
for excessive resuscitation, including early intubation. Up to
now, the acceptable duration of delay in resuscitation and
the overall outcomes associated with delayed resuscitation in
very preterm neonates have not been investigated in detail.
Second, there is potentially increased risk of the neonate con-
tracting certain diseases associated with hypervolemia and
plethora. An over-distended circulation from placental trans-
fusion may increase the incidence and severity of heart failure,
respiratory distress, neurological depression, or jaundice [8,9].
Unlike full-term infants, preterm infants have limited ability to
adapt to over-transfusion. In 2006 study, Evans [10] showed
that there is a hyperperfusion-reperfusion cycle that occurs
over the initial 24 to 48 hours of life in preterm infants born
before 30 weeks of gestation, and uncontrolled volume load-
ing by enhanced placental transfusion can be detrimental,
with comorbidities such as sepsis or ventricular dysfunction.
Moreover, there have been no investigations to determine the
ideal blood volume required in preterm infants according to
gestational age. Third, very little is known about the influence
of iatrogenic manipulation on the fetal to neonatal transition.
Milking, a particularly rapid strategy by nature, may bypass
the fetoplacental circulation and not allow enough time for a
smooth transition of the cardiopulmonary and cerebral circu-
lation, thus rendering the newborn more unstable. In a meta-
analysis of 10 studies which included 199 infants born before
30 weeks of gestation, Ghavam et al. [11] concluded that
there is a paucity of evidence for the long-term benefits and
safety of enhanced placental transfusion strategies. Lastly,
delayed placental delivery may increase the amount of third
stage bleeding and the associated maternal morbidity. Most
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reports that studied enhanced placental transfusion focused
mainly on the neonatal outcomes, so there is little published
data on maternal outcomes, including hemorrhagic incidence.

Providing evidence for the safety of enhanced placental
transfusion for both the neonate and mother provides a ra-
tionale for its use in very preterm deliveries. Umbilical cord
milking may be a better option for placental transfusion than
DCC, because it minimizes the delay in resuscitation with a
comparable volume expansion [12]. We therefore conducted
a prospective study to determine the safety of umbilical cord
milking in deliveries less than 33 weeks of gestation for both
the neonate and mother by comparing the short-term clinical
and laboratory outcomes associated with this procedure with
those of immediate cord clamping.

Materials and methods

This phase Il randomized controlled study was conducted at a
single tertiary care center (Chungnam National University Hos-
pital), and ethical approval was obtained from the Institutional
Review Board. Pregnant women expected to deliver between
24 0/7 and 32 6/7 completed weeks of gestation were re-
cruited from March 2012 to June 2015. The inclusion criteria
were as follows: a mode of delivery (either vaginal or cesarean
delivery), maternal complications such as placental abruption
or placenta previa, neonates with nuchal cords, or those in
need of immediate resuscitation. Exclusion criteria included
multiple gestations, rhesus sensitization, fetal hydrops, or ma-
jor fetal anomalies. Women without antenatal written con-
sent were also excluded. Enrolled women were randomized
into either the milking or clamping group through assignment
by computer-generated random numbers just before delivery.
All women received 12 mg of betamethasone (Celestone®;
Schering-Plough Corporation, Kenilworth, NJ, USA) at admis-
sion and, when possible, received an additional dose of 12
mg betamethasone 24 hours after the initial administration.
In the milking group, as a neonate was delivered, the as-
sistant wrapped the neonate with a warm towel and lowered
the neonate to 20 cm below the level of the placenta. Then,
the obstetrician milked the umbilical cord from the placenta
toward the neonate 4 times at a speed of 20 cm/2 seconds
before clamping the cord. Between each milking motion, the
cord was released and allowed to refill with blood during a
2-second pause. Milking took approximately 15 to 20 seconds
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for each case. In the immediate clamping group, the cord was
immediately clamped after the baby was delivered. After the
cord was clamped and cut, the neonate was handed to the
resuscitation team for initial support and was transported to
the neonatal intensive care unit (NICU) for admission due to
prematurity. Following placental delivery, the mother received
intravenous oxytocin at a rate of 250 mL/min. Ergometrine or
carbetocin was given to the mother if the uterine contractions
had not been effective.

Maternal and neonatal data associated with delivery were
collected prospectively. Primary outcomes were the short-term
safety variables associated with milking for both the neonate
and mother. Neonatal data, such as Apgar scores at 1 and
5 minutes, prevalence of hypothermia during the first hour
of life, the number of neonates in each group who needed
early intubation, initial blood gas analyses, maximum bilirubin
levels, duration of phototherapy, use of cross-transfusion, and
prevalence of respiratory distress (as assessed by clinical signs,
oxygen requirement, and respiratory support), were collected.
Maternal data, including changes in maternal hemoglobin
levels after delivery, number of transfusions needed, and
maternal death, were collected as well. Secondary outcome
included neonatal hemodynamic variables, such as neonatal

Table 1. Maternal demographic and delivery data

hemoglobin levels at birth and at 24 hours of age, blood pres-
sure at 1 and 4 hours of age, urine output during the first day
of life, and number of transfusions needed during the first 30
days of life. Major morbidities, such as sepsis, IVH (staging ac-
cording to Papile et al. [13]), NEC, retinopathy of prematurity,
length of hospital stay, and death of the newborn, were also
included in secondary outcomes.

Optimal sample sizes were calculated based on a previously
published randomized controlled study of umbilical cord milk-
ing in preterm neonates [14]. With an a level of 0.05 and a B
level of 0.80, we determined that at least 25 infants in each
group would be required to demonstrate a 10% difference
in initial hemoglobin levels. Allowing for a 20% dropout rate
increased the total number of required neonates to 29 for
each group. Statistical analysis was performed using Micro-
soft Excel and International Business Machines (IBM) Statisti-
cal Package for the Social Sciences statistics software version
22.0 (SPSS; IBM Corp., Armonk, NY, USA). The 2-sample t-
test was used for analysis of normally distributed continuous
variables. A y2 or Fisher's exact test was used for categorical
variables. Relative risk was reported as a risk ratio (RR) with a
95% confidence interval (Cl). Kaplan-Meier analysis was used
to compare survival between the 2 groups. A P<0.05 and a Cl

Characteristics Milking (n=34) Clamping (n=32) P-value
Age (yr) 32.0+4.2 33.745.5 0.151
BMI 23.7£5.5 21.9+4.5 0.157
Gestational diabetes 2 (5.9) 2 (6.3) 0.950
Hypertension® 8(23.5) 6(18.8) 0.635
Antenatal steroids 24 (70.6) 19 (59.4) 0.339
Cesarean delivery 24.(70.6) 25 (78.1) 0.484

Clx for VD” 7(29.2) 5(20.0)

Severe Pre-E 6 (25.0) 4(16.0)

Fetal distress 6 (25.0) 2 (8.0

Placental hemorrhage” 1(4.2) 6 (24.0)

Others 4(16.7) 8(32.0)
PROM >24 hr 8(23.5) 9(28.1) 0.670
Antenatal antibiotics 14 (41.2) 12 (37.5) 0.760
Hemoglobin difference 1.4+1.1 1.6+1.4 0.451
Blood transfusion 1(2.9) 0(0.0) 0.515

Data are presented as number (%) or meanzstandard deviation.

BMI, body mass index; CIx, contraindication; VD, vaginal delivery; Pre-E, pre-eclampsia; PROM, premature rupture of membrane.
“Hypertension includes pre-eclampsia, chronic hypertension and gestational hypertension; ®Contraindication for vaginal delivery, including fetal
malpresentation and history of prior cesarean delivery; “Placental hemorrhage includes placental abruption and placenta previa with bleeding.
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Table 2. Neonatal characteristics and acute outcomes

Characteristics Milking (n=34) Clamping (n=32) P-value
Birth weight (g) 1,256.0+270.8 1,256.0+287.8 0.170
Gestational age (wk) 30.1+2.5 29.0+2.6 0.106
Apgar score (min)

1 5.5+2.7 5124 0.488

5 7.8+£1.8 7.5+£1.7 0.448
Body temperature on admission (°C) 36.7+0.5 36.6+0.6 0.880
Initial intubation 19 (55.9) 15 (46.9) 0.464
BGA

pH 7.3+0.9 7.3+0.2 0.435

Lactic acid 3.3£23 4.1+2.9 0213

HCO;™ 22.6+3.5 22.3+x4.7 0.771
Oxygen supply 28 (82.4) 31(96.9) 0.106
Assisted ventilation 24 (70.6) 24 (75.0) 0.688
Inotropic drugs use 10 (29.4) 20 (62.5) 0.007?
Maximum serum bilirubin (mmol/L) 8.8+2.5 9.1+4.9 0.738
Duration of phototherapy (day) 6.7+3.7 6.1+4.3 0.546

Data are presented as number (%) or mean+standard deviation.
BGA, blood gas analysis.
9P<0.05, o’ test.

of 95% were considered significant.

Results

A total of 66 preterm deliveries were enrolled. Maternal
demographics and delivery data are presented in Table 1.
The 2 groups were similar with respect to antenatal baseline
characteristics, including the presence of complicated medical
conditions, delivery mode, receipt of antenatal steroids, and
premature rupture of membranes before 24 hours of deliv-
ery. Betamethasone was initially administered to all mothers,
but only 24 (70.6%) in the milking group and 19 (59.4%)
in the clamping group completed the protocol of 2 doses at
an interval of 24 hours due to obstetrical emergencies that
required prompt delivery. These obstetrical emergencies, in-
cluding fetal distress, placental problems (placental abruption
or placenta previa with bleeding) and deteriorating maternal
conditions due to severe pre-eclampsia, were also responsible
for the high rate of cesarean delivery in this study (70.6% in
the milking group, 78.1% in the clamping group). Differences
between pre-partum and post-partum hemoglobin levels (1.35
g/dL in milking vs. 1.58 g/dL in clamping, P=0.451) and the
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number of transfusions did not differ between the 2 groups,
and none of the mothers died.

Table 2 presents neonate characteristics and primary out-
comes. All of the neonates were admitted to the NICU for
evaluation and management of prematurity. The mean ges-
tational age and birth weight were similar between the 2
groups. All short-term safety variables for the neonates were
comparable in both groups.

Secondary outcomes are presented in Table 3. Neonatal
serum hemoglobin level at birth (15.79 vs. 14.69, respec-
tively; P=0.018) and 24 hours of age (14.83 vs. 13.29, re-
spectively; P=0.046) were significantly higher in the milking
group than the clamping group. In accordance with this, the
milking group required, on average, fewer packed red blood
cell transfusions than the clamping group during the first 24
days of life (0.93 in milking vs. 1.78 in clamping, respectively;
P=0.049). Additionally, the number of infants requiring inotro-
pic drugs was significantly lower in the milking group (29.4%
vs. 62.5%; RR, 0.47; 95% Cl, 1.18-3.82; P=0.007). The inci-
dence of various morbidities, including sepsis, IVH, NEC, and
retinopathy of prematurity, was not different between the 2
groups. However, with regard to survival, the milking group
showed a lower mortality rate than the clamping group

www.ogscience.org
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Table 3. Neonatal hemodynamic outcomes and major morbidities

Characteristics Milking (n=34) Clamping (n=32) P-value
Initial hemoglobin (g/dL) 15.8+1.6 14.7+2 1 0.018
Hemoglobin at 24 hr (g/dL) 14.8+2.8 13.3+3.1 0.046”
Mean BP at 1 hr of life (mmHg) 31.7+6.2 29.6+6.7 0.219
Mean BP at 4 hr of life (mmHg) 33.045.5 32.7+7.5 0.893
Urine output during 24 hr 109.2+35.8 95.0+46.7 0.173
No. of PRBC transfusion during 30 day 0.9+1.6 1.8+2.5 0.049”
Surfactant use 21(61.8) 20(62.5) 0.951
Sepsis 23 (67.6) 25 (78.1) 0.460
IVH

Any grade (2.9 2(6.3) 0.512

Severe (0) 2(6.3) 0.231
Necrotizing enterocolitis (0) 1(3.1) 0.299
Retinopathy of prematurity 0) 2 (6.3) 0.214
Length of initial hospital stay (day) 54.7+19.3 51.5+44.8 0.718
Deaths 5.9) 9(28.1) 0.015”

Data are presented as number (%) or meanzstandard deviation.

BP, blood pressure; PRBC, packed red blood cell; IVH, intraventricular hemorrhage.

9P< 0.05, 2 sample t-test or y* test.
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Fig. 1. Survival of preterm infants in milking and clamping group.

(5.9% vs. 28.1%, respectively; RR, 0.21; 95% Cl, 1.12-20.47;
P=0.015) (Fig. 1).

Discussion

This study demonstrated that umbilical cord milking in pre-
term deliveries of less than 33 weeks of gestation did not
affect the acute variables associated with delivery, including
Apgar scores at 1 minute and 5 minutes, the occurrence of
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hypothermia during the first hour of life, the incidence of in-
tubation, and values obtained from blood gas analysis. Short-
term clinical outcomes, such as respiratory distress or jaun-
dice, were not influenced by umbilical cord milking as well.
Although many studies have reported conflicting data regard-
ing these issues, our results supported the safety of umbilical
cord milking in very preterm neonates. These results may be
explained by the short duration of umbilical cord milking used
in this study, which can minimize the delay of neonatal resus-
citation. Other possible explanations include successful pre-
vention of rapidly falling neonatal body temperature, a signifi-
cant risk associated with prematurity, through the warmth of
the additional placental blood and by wrapping the neonate
with a warm towel immediately after birth, which prevents
the heat loss caused by immature skin and a large surface
area-to-body mass ratio. Establishing a protocol to minimize
the time for cord milking, and wrapping a newborn with a
polyethylene bag instead of a warm towel may be helpful in
terms of preventing delayed resuscitation and hypothermia.
For the maternal aspect, delayed delivery of the placenta
can theoretically cause excessive maternal bleeding, since
the blood flow through the spiral vessel reaches up to 600
mL/min at term [4]. But, there was no difference in maternal
hemoglobin levels after delivery and hemorrhagic incidence
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Table 4. Summary of recent studies on umbilical cord milking

Author Year Study design Enrollment Result

Katheria et al. [20] 2015 RCT 154 babies, GA <32 wk Higher systematic blood flow with UCM compared
to DCC

Dang et al. [21] 2015 Meta-analysis 292 babies, GA <32 wk (6 studies)  Improved neonatal outcomes with UCM compared
to ICC

Backes et al. [15] 2014 Meta-analysis

Ghavametal. [11] 2014 Meta-analysis

Rabe et al. [12] 2011 RCT

531 babies, GA <32 wk (12 studies)

199 babies, GA <30 wk (10 studies)

58 babies, GA <33 wk

Improved neonatal outcomes with enhanced
placental transfusion

Possible improvement in short-term neonatal
outcomes with enhanced placental transfusion

Similar amount of placenta-fetal blood transfusion
between UCM and DCC

RCT, randomized controlled study; GA, gestational age; UCM, umbilical cord milking; DCC, delayed cord clamping; ICC, immediate cord

clamping.

between the 2 groups in our study. One subject in the milking
group experienced postpartum hemorrhage with 2,000 mL
of blood loss. She delivered via cesarean section at 32 weeks
of gestation with preterm labor. Two packs of red blood cells
were transfused, and she was discharged without other com-
plications. Overall, these results indicate the safety of umbilical
cord milking for both the neonate and mother with regards
to delivery-associated outcomes in very preterm deliveries.

For hemodynamic variables, we found that umbilical cord
milking was associated with a significant increase in neonatal
serum hemoglobin levels, a decreased use of inotropic drugs,
and, on average, fewer packed red blood cell transfusions.
Even though the incidence of major morbidities was similar
between groups, the mortality rate was significantly lower in
the milking group than the clamping group. A recent meta-
analysis of 12 studies involving a total of 531 infants delivered
at less than 32 weeks of gestation affirmed the effects of en-
hanced placental transfusion (including both DCC and umbili-
cal cord milking) in reducing the need for blood transfusion,
the incidence of IVH of any grade, and mortality [15]. Other
studies have also suggested the favorable effect of placental
transfusion on neonatal morbidities and mortality [3,5,16,17]
(Table 4). These studies offered the decreased incidence of
IVH associated with umbilical milking as a possible mechanism
for improved survival. Moreover, the milking procedure during
delivery might increase systemic blood volume and stabilize
cerebral perfusion immediately after birth, thus reducing the
incidence of IVH and death. In 2013, March et al. [17] dem-
onstrated the protective effect of umbilical cord milking in ex-
tremely preterm infants (born at <29 weeks of gestation) with
a 50% reduction in the total incidence of IVH.
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The improved survival in the milking group, despite similar
incidences of morbidities between the groups, seen in our
results may be explained as follows. Although our study failed
to show a significant difference in IVH incidence between the
groups, there were some trends towards less severe IVH in the
milking group. Only one neonate in the milking group was di-
agnosed with grade | IVH, whereas 2 neonates in the clamp-
ing group were diagnosed with grade lll IVH. Given that high
grade IVH is a major cause of mortality, this favorable trend
may explain the improved survival observed in the milking
group. In addition, we found that the death of newborns was
mostly (7/11 deaths) related to sepsis. Umbilical cord milking
facilitates the transfer of hematopoietic stem cells toward the
neonate, and these cells can enhance the neonate’s resistance
to bacterial infection and sepsis. Lastly, the decreased number
of transfusions in the milking group might have led to a lower
incidence of transfusion-related complications, such as gut
injuries, acute lung injuries [18], immunosensitization, and
metabolic imbalances, including hyperkalemia. By stabilizing
the hemodynamic status with an increase in blood volume,
umbilical cord milking can decrease the need for red blood
cell transfusion, thus preventing the neonates from potential
adverse outcomes following transfusion.

The major limitation of this study was its small sample sizes,
which may account for the failure to demonstrate significant
differences in major morbidities between the 2 groups. En-
hanced placental transfusion among neonates at extremely
low gestational age remains controversial because of the sus-
ceptibility of such neonates to rapid changes in their hemo-
dynamic status due to their immature cardiovascular systems
[19] and a paucity of data regarding the long-term outcomes
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of such volume-enhancing methods. However, we could not
analyze the data according to gestational age, due to the
small sample sizes, and the follow-up period was not long
enough to evaluate long-term outcomes. Further studies with
a larger number of infants with extremely low gestational age
are required, and there must also be a focus on long-term
outcomes. Despite these limitations, this study has strength in
that it was prospective and randomized. Moreover, this study
emphasized maternal data and outcomes associated with
umbilical cord milking, unlike other studies that were focused
mainly on the effects of milking on the neonates.

In conclusion, umbilical cord milking for enhancing placen-
tal transfusion in deliveries of less than 33 weeks of gestation
is a safe, feasible method for both the mother and neonate to
improve neonatal outcomes.
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