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Abstract

Delayed cord clamping (DCC) results in decreased incidence of intraventricular hemorrhage
(IVH) by increasing the systemic blood flow which is assessed by measuring superior vena
cava (SVC) flow, right ventricular (RV) output and left ventricular (LV) output. Umbilical
cord milking (UCM) is an alternative placental transfusion method with higher levels of
systemic blood flow. We intend to explore if UCM can augment DCC benefits.

To compare placental transfusion hemodynamic effects between 3 techniques: DCC, DCC
with UCM before clamping (DCM-B), and DCC with UCM after cord clamping (DCM-A).
Premature infants at 28-33 weeks GA born at Thammasat University Hospital were
randomized by placental transfusion methods. Vital signs were recorded, and blinded
echocardiography was performed to evaluate hemodynamic circulation within 24 hours
of age.

One hundred and twenty infants were divided into 3 groups. No significant differences in
incidence of intraventricular hemorrhage (IVH) were observed between groups and no
severe [VH had occurred. DCC group had higher SVC flow (150.9 + 81.1 mL/kg/min), RV
output (271.3 + 110.4 mL/kg/min), and LV output (232.4 + 81.6 mL/kg/min) in comparison
to DCM-B and DCM-A group but were not statistically significant.

Our study showed DCC with or without UCM had no significant variations in hemodynamic
effects and may benefit preterm infants. DCC combined with UCM appeared to be safe with
none of the participants developing severe [VH.

Delayed cord clamping, Placental transfusion, Preterm infants, Systemic blood flow,
Umbilical cord milking
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Introduction

Delayed cord clamping (DCC) significantly
decreases intraventricular hemorrhage (IVH) and
necrotizing enterocolitis (NEC) incidences in
preterm infants. Umbilical cord milking (UCM)
presents a type of alternative placental transfusion,
which does not delay neonatal resuscitation when
compared to DCC. Preterm infants with UCM have
higher blood pressure and less IVH versus imme-
diate cord clamping (ICC).!?

In preterm infants, fluctuations in cerebral
blood flow (CBF) and systemic blood pressure are
associated with IVH.?* However, the correlation
between blood pressure and systemic blood flow or
cardiac output is weak.® Measurement of superior
vena cava (SVC) blood flow is an indirect assess-
ment of CBF and systemic blood flow: infants
having low SVC flow are shown to have a higher
chance of earlier and more severe [IVH.’

Preterm infants born by cesarean delivery
with UCM had higher systemic blood flow compared
to 45-60 seconds of DCC.* The American
College of Obstetricians and Gynecologists (ACOG)
recommends that DCC 30-60 seconds after birth
should be done in preterm infants.’ Currently, there
are a variety of placental transfusion techniques
which may also benefit preterm infants. In this study,
the objective is to compare the hemodynamic effects
of DCC, DCC with UCM before cord clamping
(DCM-B), and DCC with UCM after cord clamping
(DCM-A).

Methods

Study Design

A randomized controlled trial was
conducted on premature infants with 28°7 weeks
to 33%7 weeks of gestational age (GA) born at
Thammasat University Hospital between July
1%, 2016 and December 31, 2019. Infants who
were multiples, diagnosed with severe disabilities,
having chromosomal abnormalities, hydrops fetalis,
intrauterine growth retardation, or from mothers
with placenta previa with hemorrhage, abruption
of placenta, prolapsed cord, or having fetal distress
before birth, delivered before or on arrival or unable
to give consent were not eligible. This study was
approved by the Human Research Ethics Committee
No.1, Faculty of Medicine, Thammasat University.

Randomization

Participants were arranged into three
groups via a block-of-three randomization. Sealed,
opaque envelopes were used to conceal group
allocation. These envelopes were opened by the
delivery nurse team at the time, mothers began
preterm labor and entered the 3™ stage of labor or
when mothers had premature birth scheduled due to
severe pre-eclampsia for either cesarean operation
or vaginal birth.

Placental Transfusion Techniques

DCC is defined as umbilical cord
clamping delayed for 45 seconds after birth.
DCM-B is DCC done by the attending obstetrician
who would perform UCM over the length of 25 cm
of the umbilical cord toward the infant for 3 times
with a speed of 5-10 cm/s before cutting it. DCM-A
is DCC for 45 seconds with the umbilical cord cut
to around 25 cm length; after this, the pediatrician
milks the umbilical cord toward the infant 3 times
before cutting the cord to the usual length.

During these interventions, infants born
by cesarean section were placed on their maternal
abdomen, and those born by vaginal delivery, the
obstetrician held the baby at the level of the maternal
vaginal level.

Outcomes

All outcomes were analyzed by blinded
team researchers. Echocardiography (ECHO),
using a Philips HD15 PureWave with a 12 Hz probe
was performed within 24 hours of age to evaluate
SVC flow, right ventricular output (RVO), and left
ventricular output (LVO) as the primary outcomes
by a pediatric cardiologist who was blinded to the
study and using ECHO technique proposed by
Kluckow et al.'

The secondary outcomes were vital signs
and physiological parameters including heart rate,
systolic blood pressure (SBP), diastolic blood
pressure (DBP), and mean arterial blood pressure
(MAP) at the first 6 hours after birth. These
outcomes were monitored and recorded hourly for
the first six hours of life.

Sample Sizes
Meyer PM, et al. show the median SVC
flow was 91 mL/kg/min (IQR 81-101) in the
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preterm infants with DCC.!"" We predicted that
infants in the DCM-A and DCM-B groups would
have a 20% difference in the SVC flow with 80%
power and a two tailed test of confidence value of
0.05, hence 40 preterm infants were required for
each group.

Statistical Analysis

Demographic data were reported as mean,
median, range, standard deviation (SD), inter-
quartile range (IQR), and percentage. One-way
analysis of variance (ANOVA) was used for
comparison between groups. Repeated-measures
were analyzed by repeated-measures ANOVA.
Statistically significance was defined as P-value of
less than .05.

Results
There were 192 preterm infants born in
the study period. From those, 72 preterm infants
were excluded due to twins (n = 18), triplets
(n = 6), diagnosed with severe disabilities (n =
3), chromosomal abnormalities (n = 1), hydrops
fetalis (n = 1), intrauterine growth retardation
(n = 8), mother with placenta previa with hemor-
rhage or abruption of placenta (n = 3), prolapsed
cord (n = 2), fetal distress before birth (n = 7),
birth before or on arrival (n = 15), and absence of
consent (n = 8) (Figure 1); a total of 120 infants
were enrolled with 40 infants randomized and
allocated into DCC, DCM-B, and DCM-A groups.
Due to unforeseen circumstances; unavailability of
pediatric cardiologist or ultrasound machine, only

43 infants had ECHO results.

Assessed for eligibility (n=192)

[ Enrollment ]

Excluded (n=72)

+ Not meeting inclusion criteria (n=49)
+ Missed (n=8)

+ Other reasons (n=15)

Randomized (n=120)

Allocation

Allocated to delayed cord clamping (n=40)

+ Received allocated intervention (n=38)

+ Did not receive allocated intervention due to
require resuscitation (n=2)

Allocated to delayed cord clamping with

umbilical cord milking before clamping (n=40)

+ Received allocated intervention (n=35)

+ Did not receive allocated intervention due to
require resuscitation (n=5)

Allocated to delayed cord clamping with

umbilical cord milking after clamping (n=40)

+ Received allocated intervention (n=39)

+ Did not receive allocated intervention due to
require resuscitation (n=1)

A4

v

A

Lost to follow-up (n=0)
Echocardiography (n=19)

Lost to follow-up (n=0)
Echocardiography (n=9)

Lost to follow-up (n=0)
Echocardiography (n=15)

(s ) |

l

Analysed (n=40)

Analysed (n=40)

Analysed (n=40)

Figure 1 study flow.

Infants in the DCC group had significantly
lower GA than those in DCM-B and DCM-A
groups with mean GA of 31.5 + 1.7 versus 32.1
+ 1.7 and 32.4 + 1.1 weeks, respectively. There
were no significant differences in maternal age,
medical conditions, or prenatal steroid use. Among
the infants, there were no significant differences in
the number of male infants, birthweight, and infants

with GA less than 32 weeks (Table 1). The incidence
of grade I IVH was 30%, 15%, and 32.5% in DCC,
DCM-B, and DCM-A, respectively, which was not
statistically significant difference and there was no
other grade of IVH nor severe IVH. One infant in
the DCC group had shock which was caused by
hypovolemia, which improved with a single dose
of normal saline loading.
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Table 1 Demographic data

Demographic data 21C=C 40) 21C=N4[1;)l: 21C=N4[1;)? P
Maternal age, y (mean = SD) 29.5+£6.0 28.3+£6.2 292 +£7.7 24
Maternal diabetes (n, %) 3(7.5) 5(12.5) 5(12.5) 28
Pre-eclampsia (n, %) 7(17.5) 9 (22.5) 5(12.5) 35
Full course antenatal steroids (n, %) 21 (52.5) 14 (35) 19 (47.5) 95
Cesarean section (n, %) 24 (60) 17 (42.5) 17 (42.5) 1.00
Male (n, %) 21 (52.5) 20 (50) 21 (52.5) 1.00
Gestational age, weeks (mean = SD) 31.5+1.7 321+£1.7 324+1.1 .01
Birthweight, g (mean = SD) 1724.3+413.2 1785.3+397.2 1880.6+355.9 .64
GA< 32 week (n, %) 29 (72.5) 23 (57.5) 24 (60) .79
Apgar at 1 min (median, range) 9 (0-9) 9 (4-9) 9 (5-9) <.01
Apgar at 5 min (median, range) 10 (3-10) 10 (5-10) 10 (7-10) <.01
Intraventricular hemorrhage grade I* (n, %) 12 (30) 6 (15) 13 (32.5) 22

*No other severity than grade I intraventricular hemorrhage

Hemodynamic data in the first 6 hours of
life demonstrated that infants in the DCM-A group
had significantly higher SBP, DBP, and MAP than
infants in DCC and DCM-B groups. However,
there were no significant differences in heart
rate, SBP, DBP, and MAP between the DCC and
DCM-B groups (Figure 2). ECHO was performed

on 19, 9, and 15 infants in DCC, DCM-B, and
DCM-A groups respectively. Infants in DCC group
had SVC flow of 150.9 + 81.1 mL/kg/min, RVO
of 271.3 + 110.4 mL/kg/min, and LVO of 232.4 +
81.6 mL/kg/min which were higher in comparison
to infants in DCM-B and DCM-A groups, although
not statistically significant (Table 2).
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Figure 2 Changes in heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), and mean
arterial blood pressure (MAP) at the first 6 hours after birth.
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Table 2 Hemodynamic outcomes

Outcomes DCC DCM-B DCM-A p
(n=19) (n=9) (n=15)

Time of ECHO, 11:06 + 7:24 11:42 + 5:30 10:06 £ 5:18 .92

h:min (mean + SD)

Superior vena cava flow, 150.9 + 81.1 136.4 + 67.2 131.7+47.4 .80

mL/kg/min (mean + SD)

Right ventricular outflow, 2713+ 1104 262.0 +80.9 266.7 £ 66.7 .89

mL/kg/min (mean + SD)

Diameter of atrial shunt, 323+2.1 3.06+1.5 359+1.0 .03

mm (mean + SD)

Diameter of patent ductus 257+1.1 1.47+0.8 1.94+0.9 .39

arteriosus, mm (mean + SD)

Left ventricular outflow, 2324 +81.6 194.7+71.2 226.0 £48.8 17

mL/kg/min (mean = SD)

Patent ductus arteriosus 8 (42.1) 5(55.6) 6 (40) .99

necessitating treatment (n, %)

Patent ductus arteriosus ligation 2 (10.5) 0 1(6.7) 44

(n, %)

Discussion

The current ACOG recommendation is
that all preterm infants should have DCC 30-60
seconds after delivery.” This practice is shown to
reduce preterm complications such as IVH and
NEC on the basis of providing better hemodynamic
stability in preterm infants. The main objective of
this study is to investigate potential hemodynamic
changes in association with different techniques of
DCC and UCM.

In terms of hemodynamics, several pre-
vious studies found differences, albeit not statistically
significant, in hemodynamic parameters between
infants who received UCM and DCC. A study
conducted by Katheria et al. demonstrated that
among infants delivered at GA less than 32 weeks
by cesarean section, infants who received UCM
(4 times) showed greater SVC flow and RVO with
higher blood pressure in comparison to infants
who received DCC. However, no differences were
found among infants delivered vaginally in this
study.® Alan et al. evaluated UCM using 3 times of
milking on an intact cord over the length of 30 cm
in comparison to immediate cord clamping (ICC)
for preterm infants with birth weight less than
1,500 grams, the results showed that infants in the
UCM group had higher MAP, although not statisti-
cally significant, in the first hour after birth when

compared with infants receiving ICC."? The study
also found that other hemodynamic parameters
within the first 24 hours of life did not display any
significant variations. Popat et al. also showed no
significant differences in mean lowest SVC flow
between infants receiving 60 seconds of DCC versus
ICC within 10 seconds among infants with GA less
than 30 weeks." In contrast to the aforementioned
studies, the studies from Hosono et al. in 2008 and
2009 found that UCM in preterm infants with GA
less than 29 weeks had significantly higher mean
systemic blood pressure and urine output in the
first 72 hours.>'*

In this study, despite the fact that infants in
DCM-A group had significantly higher SBP, DBP,
and MAP than infants in DCC and DCM-B groups,
there were no differences in SVC flow, RVO, and
LVO which could explain the similarity of IVH
incidences among infants in these groups. The
hemodynamic results in this study were similar to
studies conducted by Alan et al.!? and Popat et al.!?
but differed from studies by Katheria et al.® and
Hosono et al.>'* The differences in post-placental
transfusion hemodynamics may be due to varia-
tions in actual practices of placental transfusion
techniques among obstetricians and pediatricians,
and also different characteristics of the studied
populations.
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As mentioned, our incidence of IVH was
25.8% with only IVH grade 1. This was slightly
more than stated by a previous report having IVH
grade -1V incidence at 15-20% for infants born
<32 weeks GA," in which no placental transfusion
was performed. Our study also had a higher rate
of IVH than the previous study. Katheria AC, et al.
which had UCM and DCC done on preterm infants
born by cesarean section, IVH incidence was 10%.%
Jasani B, et al. conducted a network meta-analysis
showing the incidence of IVH in DCC group was
15.4% less than ICC group (17.8%). Of UCM
group, 16.2% had IVH which also was less than I[CC
group (22.5%).'® This variation may be explained
in that only 50% of our infants received a complete
course of antenatal steroids which was less than
those studied by Katheria AC, et al.? (93.5%).

For severe IVH, Kluckow M, and Evans N.”
demonstrated an association between low perfusion
and the subsequent development of IVH. Jasani B,
et al. had a study conclusion that DCC and UCM
were associated with reductions in IVH.'¢ Katheria
A, et al. found a statistically significantly higher
rate of severe IVH in the umbilical cord milking
group, among infants born at 23 to 27 weeks’
gestation, compared to delayed umbilical cord
clamping (22% vs 6%, respectively).!” Our results
showed the incidences of IVH were not statisti-
cally significant difference between DCC (30%),
DCM-B (15%), and DCM-A (32.5%) group, which
was consistent with Krueger MS and colleagues
study." They demonstrated the infants less than 32
weeks had the rates of 12.5% in the 30-second DCC
group and 14.3% in the 30 second DCC plus 4 times
umbilical cord stripping which was not a statistically
significant difference.'®* However, our study did not
find any serious IVH. This could be explained by
the participating infants in our study being more
mature than those in other studies. Another reason
was that all three methods can increase SVC flow,
causing a decrease in serious [VH.

This study design was unique with the
comparison among 3 different techniques of placen-
tal transfusion; DCC, DCM-B, and DCM-A, unlike
previous studies which compared DCC or UCM
with ICC or DCC with UCM. The small number
of participants might not be sufficient to represent
the general population. Our study had a statistically
significant difference in GA which represented a
discrepancy of internal validity. Therefore, the

future study should be done using a stratified
sampling method to achieve validity.

Despite the primary objective of this study
being to compare the hemodynamic effects among
infants received different placental transfusion
techniques, only 35.8% of infants had received
ECHO evaluation in contrast to 71.0% in the
previous study.® This was caused by having only
one pediatric cardiologist at the study site and
further unforeseen unavailability of the echocar-
diogram machine which were the major obstacles
for obtaining ECHO results in all of the infants. It
is suggested that a further study should emphasize
having a larger sample size by conducting a study in
a multi-center setting and to ensure the availability
of ECHO results.

In conclusion, the three methods of
placental transfusion; DCC, DCM-B, and DCM-A,
in premature infants have shown the similar hemo-
dynamic effects without the increase in incidence
of severe IVH. These techniques appeared to be
safe and should be encouraged for the benefit of
preterm infants.
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