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Abstract 
Background: Delayed cord clamping (DCC) and umbilical cord milking 
(UCM) are two recently advocated interventions to enhance placental trans-
fusion at birth. DCC and MCM might increase blood volume and help neo-
nates to transition from fetal to neonatal circulation. Objective: To evaluate 
the effects of delayed cord clamping (DCC), umbilical cord milking (UCM), 
and immediate cord clamping (ICC) on very low birth weight (VLBW) neo-
nates. Methods: At our institution, ICC was routinely done until December, 
2012 when it was replaced by DCC. UCM was implemented in March, 2015. 
Neonatal outcomes were compared among ICC, DCC, and UCM. Results: A 
total of 94 neonates met inclusion criteria. Comparing with ICC neonates, 
DCC and UCM neonates had higher hematocrits, fewer blood transfusions, 
and lower incidence of chronic lung disease at 36 completed weeks of gesta-
tion. All groups were similar in APGAR scores, vasopressor use, intraven-
tricular hemorrhage (IVH) and necrotizing enterocolitis (NEC). Conclusion: 
Compared to ICC, DCC and UCM appear to be more beneficial to VLBW 
neonates without apparent adverse risks. 
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1. Introduction 

Current recommendations by the American College of Obstetrician and Gyne-
cologists (ACOG) encourage the use of delayed umbilical cord clamping (DCC) 
in all premature neonates as a means of placental transfusion because of its sig-
nificant associated benefits [1]. Despite substantial evidence that placental 
transfusion by delayed cord clamping improves transitional circulation, de-
creases the need for blood transfusion, and lowers the incidence of necrotizing 
enterocolitis (NEC) and intraventricular hemorrhage (IVH) in preterm neo-
nates, there appears to be reluctance to adopt DCC. This may be due to concern 
about delayed neonatal resuscitation until the cord is clamped and cut [2]. To 
avoid this delay, the study of two distinct approaches to immediate resuscitation 
efforts that preserve placental transfusion was examined. One such effort is the 
use of the mobile trolley to initiate resuscitation at the mother’s bedside. Mobile 
trolley resuscitation has been shown to be a safe and successful way to delay cord 
clamping in applicable settings [3] but significant planning and resources must 
be devoted to the installation and use of a trolley. Alternatively, the stripping of 
blood from the umbilical cord, or umbilical cord milking (UCM) as a means of 
placental transfusion has been hypothesized as a fast and effective way to pro-
vide the benefits of placental transfusion to the neonate [4]. 

Umbilical cord milking is a method of achieving increased placental transfu-
sion, similar to delayed cord clamping, but with the advantages of a more rapid 
time frame. DCC requires at least a 30 - 60 second delay in cord clamping and 
cutting, whereas umbilical cord milking is an active process of pushing the blood 
from the placenta in the direction of the neonate that takes between 10 to 15 
seconds. The shortened time frame of placental transfusion by UCM is appealing 
in situations where immediate umbilical cord clamping should be considered 
such as maternal hemodynamic instability, abnormal placentation, or when the 
neonate needs immediate resuscitation. 

If UCM is shown to be similarly beneficial to DCC in preterm neonates, the 
burden of delaying resuscitation efforts is removed and the practice of placental 
transfusion methods may be more routinely adopted, even in cases for which 
immediate resuscitation is needed. Debate persists regarding the efficacy of DCC 
versus UCM, especially in regard to our very premature neonates. More studies 
are needed to evaluate the potential benefits and risks of umbilical cord milking 
in very low birth weight (VLBW) premature neonates. 

Objective 

Our study aimed to assess the effects of DCC and UCM as compared with ICC 
on VLBW neonates. 

2. Methods 
This study was conducted at a single tertiary care center (John H. Stroger 
County Hospital) in Chicago, Illinois and was approved by the institutional re-
view board (IRB). 
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Immediate cord clamping (ICC) was done routinely before December 2012 at 
our institution. Data on historical controls born between January 2009 and De-
cember 2012 by ICC were collected via chart review. In January 2013, delayed 
cord clamping (30 seconds) was standard practice per ACOG guidelines at our 
institution. Data on historical controls born between December 2012 and March 
2015 by DCC were also collected via chart review. Umbilical cord milking be-
came an option for standard practice in March of 2015 after IRB approval. Data 
were collected prospectively on neonates born between March 2015 and De-
cember 2016 by UCM. Both UCM and DCC are currently accepted practice and 
considered minimally risky; therefore, the type of intervention was left to the 
discretion of the obstetricians. 

Entry criteria were a gestational age of less than 32 weeks or a birth weight of 
less than 1500 grams. Exclusion criteria included placenta previa or abruption, 
monochorionic twin gestation, Rh sensitization, congenital anomalies, and the 
obstetricians declining to perform the intervention secondary to being unaware 
of the study protocol. Only neonates who had a documented delay in cord 
clamping of at least 30 seconds and no more than 60 seconds were included. 
Neonates that received a delay in cord clamping for 60 seconds or more were ex-
cluded from the study 

Labor and delivery staff attending the delivery recorded the time of delivery 
and the time of umbilical cord clamping. DCC was done by holding the neonate 
below the level of the placenta and waiting for at least 30 seconds before clamp-
ing the cord. UCM was done by holding the neonate at least 10 cm below the 
level of the placenta and milking at least 10 cm of the length of the cord towards 
the neonate over a 1 - 2 second duration. Then the cord was released and al-
lowed to refill with blood for a 1 - 2 second pause between each milking motion. 
This was repeated twice for a total of at least three milking motions before the 
cord was clamped and cut. 

Delivery room data including APGAR scores at one and five minutes, intuba-
tion in the delivery room, and admission temperature were recorded at the time 
of birth. Neonatal outcomes including hemoglobin at birth, transfusion in the 
first 72 hours of life, patent ductus arteriosus (PDA) requiring treatment, oxygen 
therapy at 36 weeks, intraventricular hemorrhage (IVH), retinopathy of prema-
turity (ROP), ventilator days and length of stay were assessed upon discharge of 
the neonate by chart review. 

Statistical Analysis 

Neonatal and obstetrical data were collected. Qualitative variables were expressed 
as frequency (percentage). Normality of distribution was checked graphically. 
Quantitative variables were expressed in term of mean ± SD for normally dis-
tributed data. Median and range were used for non-Gaussian distribution. Mi-
crosoft Excel and SPSS 16.0 (Statistical Package for Social Sciences) software 
package were used for analysis. Analysis of variance (ANOVA) was done to 
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analyze three groups. Post hoc t-test was done to compare difference between 
UCM and DCC groups and UCM and ICC groups. Student t-test was used to 
analyze differences in normally distributed data. Mann-Whitney test was used to 
analyze differences in data with non-Gaussian distribution. Chi square test and 
Fischer exact test were used to analyze categorical data. 

3. Results 

A total of 150 neonates was eligible for inclusion in the study born between 
January 2009 and December 2016. Previously mentioned exclusion criteria were 
applied as illustrated in Figure 1, resulting in a total of 94 neonates eligible for 
data analysis. 

The baseline characteristics of the three groups (ICC, DCC, and UCM) are 
shown in Table 1. Despite the inclusion criterion of 32 weeks’ gestational age, 
the birth weight restriction narrowed the population included in the study to a 
mean gestational age of 26.6 ± 1.9 weeks. The mean birth weight was 911 ± 262 
grams. The incidence of chorioamnionitis was statistically significantly less in 
number in the DCC group than either the ICC group or the UCM group (p = 
0.02). Since all participants of the study were inborn, all received at least one 
dose of antenatal steroids. More neonates were born vaginally in the DCC group 
than either the ICC group or the UCM group (p = 0.001). 

The delivery room data of the patients are described in Table 2. There were 
no statistically significant differences between the three groups in admission 
temperature, intubation rates in the delivery room, or one and five minute 
APGAR scores. 

 

 
Figure 1. Enrollment of study participants specified by inclusion and exclusion criteria. 
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Table 1. Baseline characteristics of groups. 

 UCM (N = 30) DCC (N = 23) ICC (N = 41) p-value 

Maternal age, years 26.2 ± 5.1 25.3 ± 5.0 25.9 ± 6.6 0.85 

Gestational age, weeks 26.4 ± 1.8 26.4 ± 1.9 25.9 ± 1.8 0.43 

Birth weight, g 890 ± 283 934 ± 237 909 ± 266 0.84 

Female 18 (60) 8 (35) 21 (51) 0.18 

Chorioamnionitis 3 (10) 0 (0) 1 (2.5) 0.02 

Any antenatal steroids 30 (100) 22 (95) 41 (100) 0.21 

Caesarean section 19 (63) 3 (13) 23 (56) 0.001 

Number in parenthesis = percentage. 

 
Table 2. Delivery room data of neonates. 

 UCM (N = 30) DCC (N = 23) ICC (N = 41) p-value 

Admission temperature ˚C 37.7 ± 0.33 36.9 ± 0.44 37.8 ± 0.17 0.45 

Intubation in delivery room 29 (96) 17 (74) 33 (80) 0.62 

APGAR score in 1 minute 6 7 5 0.14 

APGAR score in 5 minutes 7 7.5 7 0.56 

Number in parenthesis = percentage. 

 
Neonatal outcomes of this study are shown in Table 3. Analysis revealed a 

statistically significant higher hemoglobin in the DCC and UCM groups in 
comparison with the ICC group (p = 0.001). There was no significant difference 
in hemoglobin values between the DCC group and UCM group (mean 16.1 g/dL 
and 15.0 g/dL respectively). Data showed a statistically significantly lower rate of 
transfusion in the first 72 hours of life (p = 0.04) and a decreased need for oxy-
gen at 36 weeks corrected (p = 0.04) in the DCC and UCM groups compared to 
the ICC group. There were fewer patients in the DCC and UCM group that had 
a PDA requiring treatment than in the ICC group, but this difference did not 
reach statistical significance (p = 0.07). The incidences of interventricular hem-
orrhage, retinopathy of prematurity, ventilator days and length of stay were 
similar in all three groups. 

4. Discussion 

Our study assessed the effects of DCC and UCM on VLBW neonates with the 
use of various cord clamping techniques. The study was initially designed to 
evaluate the effects of these cord clamping techniques on neonates of less than 
32 weeks’ gestation; however, birth weight exclusion criterion gives a better as-
sessment of VLBW neonates of less than 29 weeks. Our data showed UCM was 
comparable to DCC in achieving higher hemoglobin status of the neonate at 
birth, and both were superior to ICC in this regard. The higher concentration of 
hemoglobin in neonates receiving some form of placental transfusion is a possible  
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Table 3. Neonatal outcomes. 

 UCM (N = 30) DCC (N = 23) ICC (N = 41) p-value 

Birth hemoglobin (g/dl) 15.0 ± 2.7 16.1 ± 2.9 13.6 ± 1.9 0.001 

Transfusion < 72 hours of life 9 (30) 3 (13) 18 (44) 0.04 

PDA requiring treatment 6 (20) 1 (4.3) 12 (30) 0.07 

Oxygen at 36 weeks, corrected 7 (23) 8 (35) 22 (53) 0.04 

Any IVH 5 (17) 7 (30) 3 (7.3) 0.71 

Retinopathy of prematurity 15 (50) 13 (56) 14 (34) 0.47 

Ventilator days 11.3 ± 19.1 9.4 ± 12.2 10.5 ± 15.0 0.91 

Length of stay, days 66.3 ± 35.3 74.04 ± 35.9 66.7 ± 56.7 0.96 

Number in parenthesis = percentage. 

 
explanation for the reduced rate of blood transfusion in the first 72 hours of life 
in both the UCM and DCC groups when compared to the ICC group. This is 
important because transfusion of packed RBCs is under scrutiny in the neonatal 
literature due to concern that there is an association between packed RBC trans-
fusion and morbidities such as necrotizing enterocolitis [5]. 

We also demonstrated a decreased need for oxygen at 36 weeks in both the 
UCM and DCC groups when compared to the ICC group. The incidence of 
bronchopulmonary dysplasia at 28 days of life was similar in all three groups, 
but the incidence of chronic lung disease (CLD) at 36 weeks of corrected gesta-
tional age was lower in UCM and DCC group than in ICC group. Improvement 
in CLD rates may be due to use of gentle ventilation over time, or the fact that 
the ICC group were historic controls. This is unlikely to be the case because the 
number of ventilation days in all three groups was not statistically significant. 
One possible explanation for the decrease in CLD rates in the placental transfu-
sion groups could be that cord blood contributes to the improvement in long 
term oxygen need because of an increased transfer of stem cells in the neonatal 
circulation. Cord blood is rich in immunoglobulins and stem cells, which have 
potential for improved organ repair and rebuilding after injury caused by pre-
term birth [6]. 

Our data did not show UCM to be superior to DCC in any of the measures we 
assessed. A study by Katheria et al. [7] showed that neonates with UCM, who 
were born via caesarian section had higher superior venacava flow and right 
ventricular output than those with DCC. Such a difference was not seen during 
vaginal delivery. Katheria hypothesized that due to the uterine contractions at 
vaginal delivery, DCC may be sufficient to transfer all the available blood to the 
neonate. UCM may be particularly helpful in the cases where labor had not 
started and mother had undergone caesarean Section [8]. Due to lack of ade-
quate uterine contractions, DCC may not be effective means of placental trans-
fusion in those neonates. In our study, more neonates in the DCC group were 
born via vaginal delivery and more neonates in UCM were born via caesarean 
section. Route of delivery was a potentially confounding factor in our study. 
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Additional weaknesses of our study include the relatively small sample size sec-
ondary to the low prevalence of VLBW neonates and inadequate data collection 
resulting in initial inclusion of a number of VLBW neonates that did not qualify 
for final statistical analysis. 

It has been established in current literature that DCC is preferable to ICC in 
preterm neonates because of the numerous benefits including improved transi-
tional circulation, decreases in the need for blood transfusion, and lower inci-
dence of serious neonatal complications. Many physicians are reluctant to adopt 
the practice of DCC because of concern over the delay for neonate resuscitation 
efforts. UCM is being examined as a safe and effective means to provide placen-
tal transfusion while minimizing delay to resuscitation. Our study provides 
support to the hypothesis that VLBW neonates are able to derive similar benefits 
from UCM as they are from DCC. Therefore, UCM is useful in situations that 
require rapid cord clamping in order to initiate resuscitative measures. Multi-
center studies are needed to confirm the results of this study in the population of 
VLBW neonates. 

5. Conclusion 

Our study demonstrates comparable benefits and no apparent increased risks in 
the use of DCC and UCM in VLBW neonates. The use of either method to en-
hance placental transfusion appears to be superior to ICC and may be consid-
ered as an option in the delivery of VLBW neonates to optimize outcomes. 
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