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Abstract
Aim: To compare the effect of umbilical cord milking (UCM) 
and delayed cord clamping (DCC) on cerebral blood flow 
(CBF) in term neonates 

Materials and Methods: This randomized controlled trial was 
conducted in a teaching hospital in North India between 
August 2012 and August 2013. Two hundred term neonates, 
born at  > 36 weeks of gestation, were randomized into 2 
groups—UCM group and DCC group. In the UCM group, UCM 
was done after cutting and clamping the cord at 25 cm from 
the umbilicus. In the DCC group, clamping was done after a 
delay of 60 to 90 seconds. Cranial Doppler indices including 
the resistive index (RI), pulsatility index (PI), and CBF velocity 
of middle cerebral artery (MCA) at 24 to 48 hours of life were 
measured.

Results: Baseline characteristics were comparable in both 
groups. The mean PI (1.18 [0.26]) and RI (0.65 [0.08]) in UCM 
group were comparable to the mean PI (1.18 [0.25]) and RI 
(0.65 [0.08]) in DCC group. There was no difference in hemo-
dynamic status between the 2 groups. The peak systolic 
velocity and end diastolic velocity of blood flow in the MCA 
for the UCM group were 34.94 (11.82) cm/s and 11.71 (4.75) 
cm/s, respectively, while in the DCC group, they were 37.24 
(12.63) cm/s and 13.07 (4.78) cm/s, respectively (P = .23 and .07, 
respectively). The mean velocity was found to be 18.96 (6.57) 
cm/s in the UCM group and 20.95 (7.23) cm/s in the DCC group 
(P = .06). Indices among growth-retarded neonates were 
similar. 

Conclusion: Both UCM and DCC have similar effects on CBF 
velocities and Doppler indices of the MCA in term neonates.
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Introduction
The American Academy of Pediatrics has recommended 
delayed cord clamping (DCC) in all term and preterm 
births.1 DCC has been shown to increase iron stores in 
neonates and reduce the incidence of iron deficiency 
anemia in infancy. However, DCC may not be possible 
in case of fetal distress or compromise at birth where 
the umbilical cord needs to be clamped immediately, 
and it could be missed by the obstetrician if delayed. In 
such situations, umbilical cord milking (UCM) can be 
practiced to transfer the extra blood and consequently 
increase the iron reserves in the neonate. UCM has 
been demonstrated to reduce blood transfusions and 
increase hemoglobin (Hb) in both preterm and term 
neonates.2,3 Both UCM and DCC have been shown to 
result in similar increase in placenta–fetal transfusion.4 
DCC increases the blood volume, which may have 
beneficial effects during the transition from fetal to 
neonatal life. Although this helps in preventing serious 
adverse effects such as hypovolemia and hypotension, 
it may potentially affect the cerebral blood flow (CBF) 
dynamics. 

An association between periventricular hemorrhage 
(PVH)/intraventricular hemorrhage (IVH) and 
decreased blood flow in the superior vena cava has 
been reported.2,5 DCC has been shown to improve 
cerebral oxygenation in preterm neonates,6 which 
may potentially lead to low incidence of brain inju-
ries and consequently better neurologic development. 
Although both DCC and UCM are increasingly being 
practiced in the perinatal period, no studies are avail-
able regarding their effect on CBF in term neonates.  
We, therefore, planned this randomized control trial 
(RCT) to analyze whether UCM and DCC affect CBF 
in term neonates in a similar way. 

Aim
To evaluate middle cerebral artery (MCA) blood 
flow velocity and Doppler indices by cranial ultra-
sound between 24 and 48 hours of life along with  
hemodynamic parameters such as blood pressure (BP), 

heart rate, and respiratory rate at 30 minutes, 24 hours, 
and 48 hours of life

Materials and Methods
Study design
This study was a subset of another RCT designed to 
compare the effects of UCM and DCC on hematologic 
parameters in term neonates. This trial (parallel group 
study with 1:1 randomization) was conducted in the 
Department of Pediatrics, Neonatal Unit and Depart-
ment of Obstetrics, India, between August 2012 and 
August 2013.
This study was approved by the Institutional Ethical 
Clearance and registered with Clinical Trial of India 
(CTRI/2013/01/003323). Informed written consent 
was obtained from parents before delivery, in local 
language (Hindi).

Inclusion criteria
The inclusion criteria for the trial were term neonates, 
born at > 36 weeks of gestation, either by vaginal birth 
or by cesarean section at SVBP Hospital (Meerut, Uttar 
Pradesh, India), and whose parents were residing within 
5 km radius of the hospital and gave consent for blood 
sampling at 6 weeks of age.

Exclusion criteria
Neonates with umbilical cord < 25 cm in length; nonvig-
orous neonates; multiple births (twins and triplets); 
neonates of Rh-negative mothers; neonates with antena-
tally diagnosed major congenital anomalies or anoma-
lies apparent at birth such as cord prolapse, hydrops 
fetalis, and antepartum hemorrhage; and neonates with 
cord anomalies such as true knots were excluded from 
the study.

Randomization, allocation 
concealment, and blinding
All neonates fulfilling inclusion criteria were divided in 
2 groups of 100 each. Group A (UCM group) neonates 

Key Words: Pulsatility index, resistive index, cerebral blood flow 
velocity, middle cerebral artery, small for gestational age, 
appropriate for gestational age
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underwent UCM after immediate clamping and 
received standard care, while group B (DCC group) 
neonates underwent DCC after 60 to 90 seconds of 
delivery and received standard care.

For randomization, we used computer-generated 
random numbers in blocks of 8. These numbers were 
assigned to the 2 groups based on whether the random 
number is odd or even—even numbers were assigned to 
the UCM group and odd numbers to the DCC group. 
The numbers were written on small slips and placed in 
serially numbered opaque sealed envelopes (SNOSE 
method). 

The laboratory investigator and care provider were 
blinded to the intervention. The 2 radiologists 
performing the cranial Doppler were also blinded to the 
intervention. Blinding of the clinicians was not possible 
because the neonatal team was present in the delivery 
room (because every neonate was attended by us) and 
also because of the nature of the interventions.

Interventions
The sealed envelope was opened immediately after 
delivery by the staff on duty, who was not involved in 
the intervention, after ensuring that the neonate is not 
nonvigorous, has no knots in the umbilical cord, and 
the cord is at least 25-cm long. This was done within 
30 seconds after birth. In case of any delay in this, the 
neonate was excluded.

The interventions (UCM or DCC), which were written 
on the slip, were then performed by the resident doctors 
on duty, who were trained for the procedure. The care 
provider then recorded hemodynamic parameters in the 
neonatal intensive care unit (NICU) during the first 48 
hours. 

In all cases after birth, the neonates were held at the 
level of the introitus in vaginal delivery and over the 
thighs of the mother in cesarean delivery, while the 
umbilical cord was cut and clamped. The cord was 
cut at approximately 25 cm of length from the umbil-
ical stump, and then the neonate was placed under the 
radiant warmer. We ensured umbilical cord length (25 
cm) with sponge holding forceps (26 cm), which was 

used for clamping. Three resident doctors involved in 
delivery and newborn resuscitation were trained for 
technique of cord milking. The training included 3 
live demonstrations by the primary investigator and a 
video of the procedure being performed by Tarnow-
Mordi W.7 The umbilical cord was raised and milked 
from the cut end toward the neonate 3 times at a speed 
of 10 cm/s, and then clamped 2 to 3 cm away from 
the umbilical stump. The obstetrician conducting the 
delivery was informed about the intervention to delay 
the clamping for 60 to 90 seconds, which was noted 
by using the wall-mounted clock in the delivery room. 
According to the protocol, we used oxytocin routinely 
after all deliveries. After delivery, the neonates were left 
with their mothers unless they required admission in 
NICU for standard indications. Early breast-feeding 
was encouraged in all neonates as per standard guide-
lines. As part of the study, the pediatrician assessed 
the neonates for feeding, respiratory problems (respira-
tory rate > 60 breaths/min, presence of nostril flaring, 
grunting, or intercostal retraction), and any sign of 
sepsis at birth, 24 hours, and 48 hours. Heart rate, 
respiratory rate, and BP were recorded by the pediatri-
cian at 30 minutes, 24 hours, and 48 hours of shifting 
the neonate to NICU. BP was recorded by oscillating 
noninvasive BP monitor (Schiller) in right arm using a 
size “0” cuff for term neonates with a bladder dimen-
sion of 6 cm. Heart rate and respiratory rate were 
checked by auscultation of precordium and inspection 
of chest, respectively.

Cranial Doppler indices and cerebral blood flow 
velocity were measured at 24 to 48 hours of life in 
the MCA by placing the 2 to 6 MHz convex trans-
ducer over the temporal bone using the Hitachi Aloka 
ProSound Alpha 6 ultrasound Doppler (model no. 
UST-9123, Tokyo, Japan) at a low frequency of 3 to 
4 MHz by 2 investigators (H.C. and A.T.). To avoid  
interobserver variability, a pilot study of 20 cranial 
Doppler scans was performed by H.C. and confirmed 
by A.T. During the ultrasonograph recordings, the 
neonate was kept in supine position, in state 1 to 4 
of wakefulness either asleep or with eyes open and 
no gross movements. If the neonate cried, he/she was 
soothed by wisp of cotton dipped in 10% dextrose. The 
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variables measured included Doppler indices, namely 
pulsatility index (PI), measured by calculating (peak 
systolic velocity [PSV] − end diastolic velocity [EDV])/
temporal mean flow velocity (MV), and resistivity 
index (RI), measured by calculating (PSV − EDV)/
PSV. PSV, MV, and EDV were measured in the MCA 
by placing the 2 to 6 Hz transducer over the temporal 
bone. We used the MCA because of its superficial loca-
tion and ease of accessibility through the relatively thin 
temporal bone of neonates. Moreover, the insonation 
angle can be adjusted to 0° easily on this artery.

Sample size
Sample size was calculated not to detect difference 
in Doppler indices but to detect difference in Hb at  
6 weeks. The sample size was calculated on the basis of a 
previous trial performed in our institute, which showed 
mean Hb level with a standard deviation (SD) of 11.9 
(1.6) g/dL in the intervention arm of term neonates and 
10.9 (1.0) g/dL in the control arm of term neonates.3 We 
used the freely available software PS Power and Sample 
Size Calculations, version 3.0.43 (January 2009) for 
2-tailed α value 0.05 and power 90%. To detect a mean 
increase in Hb by 1 g/dL with an SD of ± 2 in neonates 
who underwent UCM and DCC, the sample size was 
estimated to be 85 in each group. Considering the 15% 
attrition rate on follow-up, the total sample size was 
increased to 100 neonates in each group to a trial of 200.

Statistical analysis
Continuous data were analyzed by unpaired t test 
and categorical data were compared using χ2 or Fisher 
exact test as applicable. P < .05 was considered signif-
icant. Analysis was done using STATA 11 software  
(StataCorp LP, TX, USA). 

Results
Trial compliance
All enrolled neonates completed the trial. Figure 1 gives 
the flow of the study and details of inclusion, exclusion, 
and reason for noncompliance during the course of 
trial. The baseline characteristics in the 2 groups were 
comparable (Table 1). Findings of the cranial Doppler 

indices (Table 2) were as follows. The mean (SD) of RI 
at 24 to 48 hours of life was 0.65 (0.08) in both the 
groups (P = .95). The mean of PI was 1.18 in either 
categories with SD of 0.26 for UCM group and 0.25 
for DCC group (P = .91). The PSV and EDV of blood 
flow in MCA for the UCM group were 34.94 (11.82) 
cm/s and 11.71 (4.75) cm/s, respectively, while in the 
DCC group, they were 37.24 (12.63) cm/s and 13.07 
(4.78) cm/s (P = .23 and .07, respectively). The mean 
velocity in MCA was found to be 18.96 (6.57)  cm/s 
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Assessed for 
eligibility 
(n = 800)

Excluded
Gestational age < 36 wk (n = 236) 
Residing > 5 km away from 
hospital (n = 256) 
Cord length < 25 cm (n = 30) 
Refused blood sampling (n = 78)

Randomized (n = 200)

Allocated to DCC 
group (n = 100)

DCC + routine care

Analyzed 
(n = 100)

Analyzed 
(n = 100)

ENROLLMENT

ALLOCATION

ANALYSIS

Allocated to UCM 
group (n = 100)

UCM + routine care

Figure 1. Enrollment, Allocation, and Analysis of the 
Study Population 
DCC, delayed cord clamping; UCM, umbilical cord milking.

Table 1. Baseline Characteristics of Neonates in the 
Study

Characteristics UCM (n = 100) DCC (n = 100) P Values
Gestational Age, wk 38.30 (1.13) 38.27 (1.12) .83
Birth Weight, kg 2.76 (0.33) 2.75 (0.39) .89
Sex (Male) 58 (58%) 56 (56%) .77
IUGR 14 (14%) 17 (17%) .56
Vaginal Delivery 57 (57%) 60 (60%) .67
Maternal Weight, kg 50.94 (4.73) 52.42 (5.66) .18
Maternal Hb, g/dL 9.02 (1.02) 8.77 (0.90) .07
Maternal Hb, < 9 g/dL 57 (57%) 67 (67%) .19
ABO Incompatibility 10 (10%) 9 (9%) .67

DCC, delayed cord clamping; Hb, hemoglobin; IUGR, intrauterine growth 
retardation; UCM, umbilical cord milking.
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parameters. The indices among intrauterine growth 
retarded neonates were not different from rest of the 
study population.

Subgroup analysis
There were 14 small-for-gestational-age (SGA) neonates 
in the UCM group and 17 in the DCC group. The CBF 
velocities and cranial Doppler indices in appropriate- 
for-gestational-age (AGA) neonates were compared 
with SGA neonates in the UCM group (P > .05). Simi-
larly, CBF velocities and cranial Doppler indices were 
compared between AGA and SGA neonates in the 
DCC group also (P > .05) (Table 3). 

Discussion
It is a known fact that both DCC and UCM have bene-
ficial effects in improving the hematologic parameters 
in both preterm and full-term neonates. DCC has been 
shown to improve cerebral oxygenation in preterm 
neonates and also reduce the risk of IVH in this vulner-
able category of patients. However, no studies were 
available to evaluate the effect of UCM and DCC on 
cerebrovascular hemodynamics in healthy full-term 
neonates. Our study demonstrates that DCC and UCM 
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Table 2. CBF Velocity and Doppler Indices in MCA 
and Hemodynamic Outcome Variables (up to 48 h)

Parameters
UCM Group

(n = 100)a

DCC Group

(n = 100)a
95% CI P 

Values

Resistive 
Index 0.65 (0.08) 0.65 (0.08) − 0.02 to 

0.02 .95

Pulsatility 
Index 1.18 (0.26) 1.18 (0.25) − 0.07 to 

0.07 .91

PSV, cm/s 34.94 (11.82) 37.24 (12.63) − 1.44 to 
6.04 .23

EDV, cm/s 11.71 (4.75) 13.07 (4.78) − 0.10 to 
2.82 .07

MV, cm/s 18.96 (6.57) 20.95 (7.23) − 0.12 to 4.1 .06
Mean BP, 
mm Hg

 30 min 64.39 (10.85) 62.40 (11.84) − 5.16 to 
1.18 .22

 24 h 61.81 (10.74) 59.27 (10.91) − 5.56 to 
0.48 .10

 48 h 60.06 (10.81) 57.82 (10.11) − 5.16 to 
0.68 .13

Heart Rate/
min

 30 min 143.28 (8.00) 144.37 (8.98) − 1.28 to 
3.46 .37

 24 h 132.70 (6.64) 133.33 (7.75) − 1.38 to 
2.64 .54

 48 h 127.43 (7.66) 126.16 (7.71) − 3.41 to 
0.87 .24

Respiratory 
Rate/min

 30 min 47.56 (10.98) 47.16 (3.85) − 2.69 to 
1.89 .73

 24 h 38.46 (10.48) 37.88 (3.40) − 2.75 to 
1.59 .60

 48 h 33.74 (10.72) 32.36 (3.82) − 3.62 to 
0.86 .23

a Values are represented as mean (%).  
CBF, cerebral blood flow; CI, confidence interval; DCC, delayed cord clamping; 
EDV, end diastolic velocity; MCA, middle cerebral artery; MV, temporal mean flow 
velocity; PSV, peak systolic velocity; UCM, umbilical cord milking.

for the UCM group and 20.95 (7.23) cm/s for the 
DCC group consequently (P = .06). Mean BP during 
initial 48 hours was above 50th centile, but within 
normal range in both the groups (Table 2). No signif-
icant difference was observed in other hemodynamic  

Table 3. Subgroup Analysis of SGA and AGA  
Neonates Within UCM and DCC Groups

Para-
meters

UCM DCC

AGA 

(n = 86)

SGA 

(n = 14)

P 
Values

AGA 

(n = 83)

SGA 

(n = 17)

P 
Values

Resistive 
Index 

0.66 
(0.08)

0.64 
(0.06)

.49 0.06 
(0.07)

0.66 
(0.11)

.87

Pulsatility 
Index

1.18 
(0.26)

1.17 
(0.25)

.87 1.17 
(0.23)

1.21 
(0.31)

.56

PSV, 
cm/s

34.63 
(11.30)

36.54 
(14.62)

.58 36.95 
(13.22)

38.44 
(10.21)

.67

EDV, m/s 11.57 
(4.78)

12.47 
(4.71)

.52 12.82 
(4.98)

14.07 
(3.85)

.35

Mean 
Velocity, 
cm/s

18.77 
(6.27)

19.96 
(8.13)

.54 20.65 
(7.55)

22.15 
(5.78)

.46

Values indicate mean (SD).  
AGA, appropriate for gestational age; DCC, delayed cord clamping; EDV, end 
diastolic velocity; PSV, peak systolic velocity; SGA, small for gestational age; 
UCM, umbilical cord milking.
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have no significant difference in cranial Doppler indices 
in full-term neonates during the first 24 to 48 hours of 
life and correlate well with the values of normal-term 
neonates mentioned in earlier studies.8 

Earlier studies have shown that CBF mostly depends on 
gestational age and birth weight as a result of progres-
sive maturation and opening up of vascular channels 
with a reduction in cerebrovascular resistance.9 We did 
not find any difference in CBF in relation to mode of 
delivery, sex, postnatal age, and feeding. Aranha et al 
also demonstrated in their study that no significant 
difference was observed in relation to the same param-
eters studied in full-term healthy neonates.10 However,  
Baenziger et al reported that CBF in preterm neonates 
is substantially affected by sex, intrauterine growth, and 
need for mechanical ventilation.11 In preterm neonates, 
CBF seems to be dependent on systemic BP in the first 
36 hours of life probably due to hormonal changes and 
differences in blood viscosity and cardiac output.11 Ilves 
et al have shown that BP and MV in cerebral arteries 
have no correlation and healthy neonates can autoregu-
late CBF during the first day of life and, thus, can avoid 
transmitting fluctuation in the systemic BP.12 

Baenziger et al and Takami et al have also reported 
that DCC and UCM improve cerebral oxygena-
tion in preterm neonates in the first 24 hours without 
commenting its effect upon CBF.6,13 Sommers et al 
demonstrated that premature neonates exposed to DCC 
have improved superior vena cava blood flow over the 
first few days of life, which may reduce the risk of IVH 
without affecting the MCA blood flow velocity.14 Meyer 
et al reported that DCC improves cardiovascular func-
tion (systemic vascular circulation) after birth but they 
were unable to explain the relationship between IVH, 
low flow in DCC group, and timing of cord clamping.15 
Nelle et al demonstrated that DCC leads to better 
mean BP, left ventricular output, Hb values, hematocrit 
values, and mean CBF velocity in very low birth weight 
preterm neonates when compared with immediate 
cord clamping (ICC).16 In our study, ICC and DCC 
had similar BP as ICC was followed by UCM. A case–
control study in term neonates demonstrated that DCC 
group had increased placental transfusion, expressed 

by high hematocrit and Hb values, large left ventricle 
diameter at the end of the diastole, with no changes in 
peripheral perfusion or oxygen metabolism.17 However, 
the authors did not report the efficacy of DCC on CBF, 
so further research in this area is required, especially in 
term neonates. As shown in our study, the mean BP at 
30 minutes, 24 hours, and 48 hours was above the 50th 
centile but within the normal range, in both UCM 
and DCC groups. The extra blood probably leads to 
an increase in BP and cardiac output as per Frank Star-
ling’s theory.18 Furthermore, no noteworthy variability 
was observed in other vital parameters such as heart rate 
and respiratory rate. There has been a concern among 
neonatologists about DCC or UCM in SGA neonates. 
There is paucity of data regarding the effect of UCM 
and DCC on intrauterine growth–restricted neonates 
with respect to their effect on Hb, hematocrit, CBF, and  
hemodynamics status. Comparison of CBF and 
Doppler indices between AGA and SGA term neonates 
on anterior and middle cerebral artery by Muniz et al 
demonstrated that Doppler measurements were statis-
tically different between the groups only for values   
related to PSV and MV in the anterior cerebral artery 
(ACA) with no significant difference for any of the eval-
uated parameters of flow velocity in the MCA, but there 
was no effective explanation for this.19 CBF velocity and 
Doppler indices of MCA in both SGA and AGA groups 
are very much similar and comparable to our study. 

Rheenen et al conducted randomized and quasirand-
omized trials comparing DCC with ICC in neonates 
born between 30 and 42 completed weeks of gestation. 
The trial included a proportion of SGA neonates and 
found that DCC in a group that contains both AGA 
and SGA neonates was associated with high Hb levels 
at 2 to 3 months of age in term neonates and a reduc-
tion in the number of blood transfusions needed in the 
first 4 to 6 weeks of life in preterm neonates. It was 
not possible to infer from the available data whether 
SGA neonates were at a greater risk of adverse effects 
in the early neonatal period than AGA neonates. This 
paucity of information on DCC in SGA neonates justi-
fies further research. Although only 15% of neonates 
in either group were growth retarded, the subgroup  
analysis did not demonstrate any significant difference 
in CBF between both the groups under study.20 
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The strengths of our study included appropriate sample 
size and blinding of ultrasonologists in evaluating CBF 
indices. The limitation of the study was that we evalu-
ated neonates only once between 24 and 48 hours of life 
rather than gauging the sequential changes in the cere-
brovascular hemodynamics. Another limitation of our 
study was that ACA was not evaluated. Other param-
eters such as cerebral oxygenation and cerebral blood 
volume could also have been evaluated. More advanced 
workup with infrared spectrophotometry to study CBF 
is required, but this was not feasible in our setup. 

Conclusion
The study results concluded that DCC and UCM have 
similar effects on CBF velocity and Doppler indices on 
MCA in term neonates.
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