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Objective: To study the effect of intact umbilical cord milking (I-UCM) procedure in

comparison with the procedure of delayed cord clamping (DCC) in term neonates.

Study Design: A randomized controlled trial.

Setting: Department of Obstetrics and Gynecology and Department of Pediatrics, Faculty of

Medicine Ramathibodi Hospital, Mahidol University.

Materials and Methods: The study was performed from June 2017 to March 2018.

Singleton term pregnant women (37–42 weeks’ gestation) were recruited. Neonates were

randomized into DCC and I-UCM groups. Umbilical cord was 3 times milked toward the

neonate in 25 cm length from umbilical stump which was still attached to the placenta before

cutting the cord in I-UCM group. Delay in cord clamping for 60 seconds was performed

before the cord cutting in DCC group. Neonatal and maternal outcomes were recorded.

Results: Of 168 neonates included in this trial, 84 cases were randomized into each group.

The baseline characteristics of both groups were comparable. No statistical difference was

found in terms of the mean of hemoglobin levels in the DCC and I-UCM groups which were

16.9 (±1.6) g/dl and 17.0 (±1.9) g/dl, respectively (P-value 0.75). There was no difference in

terms of adverse neonatal and maternal outcomes in both groups.

Conclusion: Both I-UCM and DCC revealed a comparable effect on hematologic status

without deleterious effects on neonatal and maternal outcomes at the age of 48–72 hours in

term neonates.
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Introduction
One of the worldwide public health obstacles in developing countries is anemia

which is commonly found in young children and pregnant women. The evidences

reveal that long-term ramification in cognitive brain effect comes from anemia

during infancy and young children. The iron deficiency anemia during infancy

results from the iron stored during the period of delivery.1–3

When focusing on the blood transfer from the placenta to the term neonates,

approximately 80 mL of blood flow from the placenta to neonates occurs during

1 minute after delivery and reaches 100 mL within 3 minutes.4,5 This phenomenon

supplies the term neonates with 40–50 mg/kg of iron, the effect of which, can

prevent iron anemia during the age of one year.6

There are currently two interventions, which transfer blood from cords or

placentae toward the neonates. Delayed umbilical cord clamping (DCC) is the
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method of umbilical cord clamping from 30 to 180 sec-

onds after delivery which is considered as a passive trans-

fer method. While the umbilical cord milking (UCM) is

performed by squeezing blood from a cord toward a new-

born. This is called an active transfer method.7

The neonate’s hemoglobin at birth as well as iron storage

in the first few months is believed to influence the favorable

developmental outcomes.8 However, 30–60 seconds’ cord

clamping delay seems too long for some emergency condi-

tions such as nonreassuring fetal status and maternal hemo-

dynamic vulnerability. Therefore, UCM has been pondered

as the procedure to achieve a rapid time for placenta-to-

neonate blood transfusion within less than 10–15 seconds.9

However, there are no published data comparing the effects

of I-UCM and DCC in term infants. One trial compared cut

cordmilking (C-UCM) andDCC in term neonates, which did

not demonstrate any difference.10

The purpose of this study was to compare the conse-

quences of I-UCM and DCC procedures in terms of term

neonates’ hematologic status at birth as well as the adverse

outcomes.

Materials and Methods
This randomized controlled trial was performed from June

2017 to March 2018 at Department of Obstetrics and

Gynecology and Department of Pediatrics, Ramathibodi

Hospital, Mahidol University, Bangkok, Thailand. It was

approved by the Ethical Clearance Committee on Human

Rights Related to Researches Involving Human subjects

(Protocol number ID 01-60-01), Faculty of Medicine,

Ramathibodi Hospital. This research was conducted in

accordance with the principles of the Declaration of

Helsinki.

The written informed consent from the eligible pregnant

women before delivery was obtained. The pregnant women

who delivered only at Ramathibodi Hospital were enrolled.

The inclusion criteria were living singleton term pregnan-

cies (37–42 weeks of gestation). The exclusion criteria were

umbilical cord length less than 25 cm or cord abnormality

(such as true knots or cord prolapse), multiple gestation,

maternal Rh-negative blood group, positive anti-HIV, posi-

tive HBsAg, and syphilis infection during pregnancy,

antenatal diagnosed major congenital anomalies of fetus

or apparent at birth, fetal hydrops and fetal growth restric-

tion, intrapartum fetal nonreassuring or fetal distress,

non-vigorous neonates, unstable maternal hemodynamic

condition, placenta abruption, placenta previa, uterine rup-

ture and denied to participate.

The primary outcome of the study was hemoglobin at

the age of 48–72 hours’ term neonates. While the second-

ary outcomes were as the followings (A) neonatal out-

comes: Apgar score at one and five minutes, hemoglobin

and hematocrit at 6–24 hours of life, total serum bilirubin

at 48–72 hours of life, polycythemia, jaundice requiring

phototherapy or exchange transfusion and length of hospi-

talization and (B) maternal outcomes: estimated blood loss

after delivery and postpartum hemorrhage requiring blood

transfusion.

Randomization was performed right after fetal delivery

and when the adequate umbilical cord length requirement

and all pregnant women as well as neonates met criteria.

All subjects were divided into two groups: The intact

umbilical cord was 3 times milked toward the neonate in

25-cm length in I-UCM group and the 60-minute cord

clamping delay was performed in DCC group.

Randomization was performed by blocks-of-4 computer-

generated random numbers. Serially numbered concealed

envelopes were allocated for each group. The on-call staffs

who did not involve in the study were requested to open

the envelopes.

Regarding the position of neonates right after birth,

they were placed on the maternal abdomen when delivered

via vaginal route and placed over mothers’ thigh in cesar-

ean section. Standard early neonatal cares in both I-UCM

and DCC groups were the same. In I-UCM group, an

umbilical cord was 3 times milked toward a neonate in

25 cm length from umbilical stump which was still

attached to the placenta by a delivering obstetrician at

the speed of 10 cm/second with 2-second interval to

allow blood refilling from the placenta and then clamped

2–3 cm from the umbilical stump. In DCC group, an

umbilical cord was also clamped 2–3 cm from the umbi-

lical stump by a delivering obstetrician at 60 seconds after

delivery of a neonate. Neonates from either group were

kept with mothers and underwent routine standard man-

agement except for neonatal care requirement in NICU.

Encouraging breastfeeding for all neonates was done as

per our standard guidelines. Blood samples were for

hemoglobin and hematocrit at 6–24 and 48–72 hours of

life and in serum separator tubes for total serum bilirubin

levels at 48–72 hours of life. Hemoglobin and hematocrit

were measured by complete blood count test (CBC). Data

collection was composed of maternal and neonatal demo-

graphic data, estimated blood loss after delivery, Apgar

score, hemoglobin, hematocrit, total serum bilirubin and

length of stay in the hospital.
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Laboratory investigators were blinded with the inter-

vention. The neonatologists were unable to be blinded

owing to our regulation that required neonatologists to be

present in the delivery room.

Sample Size and Statistical Analysis
The sample size was reckoned on the Jaiswal’s research

result.10 This study revealed hemoglobin standard deviation

in UCM and DCC groups was 2.4 and 2.2 g/dl, respectively.

Regarding 80% power and 0.05 two tailed α value, there

would be 84 neonates required in each group to study the

discrepancy of 1gm/dL hemoglobin levels of term neonates.

STATA 14.1 software was used for statistical analysis.

Continuous data were analyzed by Mann–Whitney test or

independent t-test. Chi square or Fischer exact test was used

for categorical data analysis. Less than 0.05 of P value was

significant.

Assessed for eligibility

(n = 852)

Allocated randomization (n = 168)

Umbilical cord milking: UCM (n = 84)

Excluded (n = 684)

Gestational age was < 37 weeks

Multiple gestation

Fetal major congenital anomaly

Intrapartum fetal non-reassuring

Placenta previa or cord prolapse

Denied to participate

Enrollment

Allocation

Delayed cord clamping: DCC (n = 84)

Follow-up

Analysis

Follow-up (n = 84)Follow-up (n = 84)

Analyzed (n = 84)
Analyzed (n = 84)

Figure 1 Flow diagram of study participants.
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Results
Total of 852 pregnancies were assessed for eligibility. There

were 684 cases excluded for various reasons. A number of

168 neonates were enrolled and divided by half into 84 cases

in both I-UCM and DCC groups (Figure 1). The character-

istic baselines were comparable in both groups (Table 1).

The mean (SD) of hemoglobin at 48–72 hours of life in

I-UCM group was 17.0 (±1.9) g/dl and in DCC group was

16.9 (±1.6) g/dl, which was no statistical difference

between both groups (P-value 0.75) (Table 2, Figure 2).

Neonatal outcomes consisting of hemoglobin, hematocrit,

total serum bilirubin, Apgar score, polycythemia, jaundice

requiring phototherapy or exchange transfusion and length

of hospitalization of both groups were found without any

statistical differences (Table 2). However, one neonate in

I-UCM group (1.2%) was diagnosed with polycythemia

but did not require partial exchange transfusion. Complete

recovery was achieved by giving an intravenous fluid and

was discharged after 4 days’ hospitalization. There was

also no statistical difference between these two groups in

terms of maternal outcomes regarding estimated blood loss

after delivery, postpartum hemorrhage and requiring blood

transfusion (Table 3).
Discussion
This research focused on full-term neonates. The I-UCM

was defined as 3 times umbilical cord milking toward the

neonate in 25 cm from umbilical stump which was still

attached to the placenta and then the umbilical cord was

clamped right after completely milking the umbilical cord

and the DCC was defined as the umbilical cord clamp at

60 seconds after birth. There was no hematologic effect

difference between I-UCM and DCC groups. These two

interventions demonstrated comparable hemoglobin levels

at 6–24 and 48–72 hours of life without statistically sig-

nificant difference in adverse outcomes during initial 72

hours.

The benefits of DCC on the hematological status in

term infants have been reported. Cernadas et al demon-

strated that DCC after birth increased neonatal hematocrit

at the age of 6 hours.11 Jaleel et al also demonstrated that

higher neonatal hemoglobin levels were found in DCC

when comparing to early cord clamping (ECC).12

Rheenen et al demonstrated the benefit of DCC over

ECC in terms of infant hemoglobin levels and incidence

of lower iron deficiency anemia.13 Chaparro et al evalu-

ated the effect of DCC on term neonates regarding higher

mean corpuscular volume, ferritin, body iron and stored

iron until 6 months of age.14 The Cochrane database

systematic review of 15 trials on the effect of clamping

Table 1 Baseline Characteristics

Maternal and Neonatal

Characteristics

Umbilical

Cord

Milking

Delayed

Cord

Clamping

P-value

N=84 N=84

Maternal age (years) 29.0 (6.0) 29.2 (6.1) 0.81

Gestational age (weeks) 39.1 (1.0) 39.1 (1.0) 0.95

Prepregnant weight (kg) 57.4 (12.0) 56.2 (12.4) 0.52

Current weight (kg) 72.0 (12.4) 70.2 (12.2) 0.34

Prepregnant BMI (kg/m2) 22.5 (4.3) 22.4 (4.8) 0.91

Underlying Disease (n)

● PreGDM or GDM 22 (26.2%) 20 (23.8%) 0.68

● Chronic hypertension or PIH 1 (1.2%) 4 (4.8%)

● Hyperthyroidism 1 (1.2%) 1 (1.2%)

1st trimester hemoglobin (g/dl) 12.1 (1.1) 11.9 (1.0) 0.34

3rd trimester hemoglobin (g/dl) 11.7 (0.9) 11.7 (0.9) 0.91

Route of Delivery (n)

● Vaginal delivery 49 (58.3%) 50 (59.5%) 0.87

● Cesarean delivery 35 (41.7%) 34 (40.5%)

Birth weight (g.) 3122 (331.8) 3155 (344.2) 0.52

Sex of neonates (male) 37 (44.1%) 38 (45.2%) 0.87

Notes: Mean (SD); Value (%).

Abbreviations: BMI, body mass index; PreGDM, pregestational diabetes mellitus;

GDM, gestational diabetes mellitus; PIH, pregnancy induced.

Table 2 Neonatal Outcomes

Characteristics Umbilical

Cord

Milking

Delayed

Cord

Clamping

P-value

N=84 N=84

Hb at 6–24 hr. (g/dl) 16.5 (1.9) 16.3 (1.7) 0.49

HCT at 6–24 hr. (%) 49.7 (5.7) 49.1 (5.3) 0.45

Hb at 48–72 hr. (g/dl) 17.0 (1.9) 16.9 (1.6) 0.75

HCT at 48–72 hr. (%) 50.6 (5.7) 50.3 (4.8) 0.79

Total bilirubin at 48–72 hr. (mg/dl) 10.4 (2.3) 9.9 (2.1) 0.18

APGAR score at 1 minute 8.4 (1.1) 8.6 (0.6) 0.09

APGAR score at 5 minutes 9.7 (0.5) 9.7 (0.5) 1.00

Polycythemia (n) 1 (1.2%) 0 1.00

Requiring partial exchange transfusion 0 0

Jaundice (n) 8 (9.5%) 13 (15.5%) 0.42

● Unspecified cause 5 (5.9%) 8 (9.5%)

● ABO incompatibility 2 (2.4%) 1 (1.2%)

● G6PD 1 (1.2%) 4 (4.8%)

Requiring phototherapy 8 (9.5%) 13 (15.5%) 0.24

Requiring total exchange transfusion 0 0

Length of stay in the hospital (days) 2.8 (0.7) 2.9 (1.1) 0.32

Notes: Mean (SD); Value (%).
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the umbilical cord in term neonates regarding maternal and

fetal outcomes showed no significant effect on postpartum

hemorrhage in patients with DCC. Higher hemoglobin

levels at 24–48 hours were found in the neonates in

DCC group, when comparing with ECC group. The inci-

dence of iron deficiency anemia of infants with ECC was

found over twice higher than in infants with DCC.8

The American College of Obstetricians and Gynecologists

(ACOG) and the American Academy of Pediatrics (AAP)

suggested that delayed umbilical cord clamping should be

performed by at least 60 seconds in both term and preterm

neonates except for emergency situation that requires

resuscitation.7,15

UCM seems to overcome the DCC in terms of neonatal

or maternal emergency intervention requirement because

the UCM can increase blood transfusion from the placenta

to the neonate within the short period of time.

A randomized controlled trial on 200 term and near-term

neonates by Upadhyay et al reported that infants with UCM

have higher hemoglobin and iron storage than infants with

ECC.16 The systematic review and meta-analysis of 7 trials on

the efficacy and safety of UCM at birth in term and preterm

infants revealed that UCM was associated with higher hemo-

globin levels in the first 48 hours and at 6 weeks of life.9

Many literatures focus on comparing either DCC or

UCM to early umbilical cord clamping (EEC) in preterm

neonates. By contrast, only limited data were found when

comparing DCC and UCM in term neonates. Jaiswal et al

performed a randomized controlled trial comparing

C-UCM and DCC on 200 term infants. There was no

statistically significant difference in terms of hematologic

status including serum ferritin and 6-week infants’ hemo-

globin levels.10

Our I-UCM methodology was unique and different

from the previous studies. Our I-UCM procedure demon-

strated 3 times milking the cord which still adhered to the

placenta, toward the neonates with 2 seconds’ interval to

permit blood perfusion from placenta. Regarding the vagi-

nal delivery, a neonate was held at the mother’s introitus

level in our study while a neonate was placed on the

maternal abdomen in Jaiswal et al’s study.

The mean hemoglobin and hematocrit levels at the age of

48 hours in both I-UCM and DCC groups were comparable

Figure 2 Box and Whisker plot of hemoglobin (g/dl) at 48–72 hours.

Table 3 Maternal Outcomes

Characteristics Umbilical

Cord Milking

Delayed Cord

Clamping

P-value

N=84 N=84

Postpartum blood loss (mL)* 300 (150–1200) 300 (100–1000) 0.26

Postpartum hemorrhage (n) 1 (1.2%) 2 (2.4%) 1.00

Requiring blood transfusion (n) 0 0

Notes: Mean (SD); Value (%), *Median (range).
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to Jaiswal et al’s study. Although the mean total serum

bilirubin levels at the initial 48 hours’ age in both groups

were higher in our study than Jaiswal et al’s study, but the

incidence of jaundice requiring phototherapy and/or

exchange transfusion seemed to be the same. Moreover, we

demonstrated no significant adverse effect on maternal out-

comes such as estimated blood loss after delivery, postpartum

hemorrhage and blood transfusion requirement in both

groups. The concept of I-UCM seems to be more relevant

in terms of faster blood refilling phenomenon than C-UCM

method. The I-UCM can achieve placental-to-neonate trans-

fusion within 15 seconds in our study. It is more compatibly

used not only in emergency neonatal resuscitation but also in

maternal instable hemodynamic status. Short duration of

follow-up was our limitation. A 6–12 months’ follow-up is

our further ongoing research to study the hematologic status

as well as advantage and adverse outcomes during infant and

early childhood periods.

Conclusion
Both intact UCM and DCC revealed the comparable effect

on hematologic status without deleterious effects on both

neonatal and maternal outcomes at the age of 48–72 hours

in term neonates.
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