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evidence of short and long term neonatal outcomes
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Term Preterm
Sweden 2008 2-3 min 30-120 s
WHO 2014 > 1 min =
Norway 2014 1-3 min =
UK (NICE) 2014 1-5 min =
USA (ACOG) 2017 > 30-60 s =
Italy 2018 1-3 min 60 s (< 29w)

> 90 s (> 29w)
ERC/ILCOR 2020 > 1 min =

Guidelines
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What happens during
delayed cord clamping?

3 4

Measuring placental transfusion for term births: 
weighing babies with cord intact
(Farrar et al, BJOG 2011;118(1):70-5) 

Observational study, N=13 vaginal delivery and N=13 CS. Placental transfusion 
usually complete by 2 min, sometimes continued up to 5 min; contributed 24-32 
ml/kg of BW; 30-40% of total potential blood volume. Did not differ
according to infant position, type of delivery or uterotonic drug.
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Effects on preterm infants?
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Extra placental transfusion

Higher haemoglobin

Birth

In NICU

Years

Delayed cord clamping

Less morbidity (IVH, NEC)
and mortality

Less anaemia

Optimal neurodevelopment

‘The Placental Transfusion Model’

Larger blood volume
Stable blood pressure

Urine output

PRETERM
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Rabe & al. Cochrane 2012
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Main findings

P: Twentyfive studies (3100 infants)  between 24 and 36+6 weeks’ 
gestation at birth
I: maximum delay in cord clamping 180 seconds. 
C: early cord clamping
O:Delaying cord clamping was associated with

• probably reduced the numbers of babies who die before
discharge, 20 studies, 2680 babies
RR 0.73, 95% CI 0.54 to 0.98 (moderate certainty)

• slightly reduced numbers of babies with any grade IVH, 15 
studies, 2333 babies
RR 0.83, 95% CI 0.70 to 0.99 (high certainty)

Rabe & al. Cochrane 2019
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Cardiovascular effects

• Mean arterial blood pressure in the early hours after birth(in 
mm Hg): 

average MD 2.87, 95% CI 1.09 to 4.64, 
4 studies, 208 babies, random-effects model, (low-certainty
evidence, downgraded due to serious imprecision).

• Inotropics for low bloodpressure during first 24 hours of life:
RR 0.37, 95% CI 0.17 to 0.81, 
5 studies, 250 babies, random- effects model, very low-
certainty evidence, downgraded due to unclear risk of bias 
and serious imprecision

Rabe & al. Cochrane 2019
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Haematological effects

• Hyperbilirubinemia (treated by phototherapy)
RR 1.05, 95% CI 0.95 to 1.16, 
8 studies, 495 babies, random-effects model, high-certainty
evidence

• Blood transfusion in infant:
RR 0.66, 95% CI 0.50 to 0.86, 
11 studies, 2280 babies, random-effects model). moderate-
certainty evidence, downgraded as some studies seemed to be 
missing, suggesting potential publication bias).

Rabe & al. Cochrane 2019
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No differences in

• PVL: RR 0.58, 95% CI 0.26 to 1.30, 4 studies, 1544 babies

• NEC: RR 0.91, 95% CI 0.64 to 1.28, 11 studies, 2010 babies
• CLD: RR 1.04, 95% CI 0.94 to 1.14, 6 studies, 1644 babies
• Home oxygen: RR 0.47, 95% CI 0.06 to 3.72, 2 studies, 101 babies
• Treatment of ROP: RR 0.83, 95% CI 0.62 to 1.12, 8 studies, 1827 babies

• Late sepsis: RR 0.79, 95% CI 0.56 to 1.10, 10 studies, 2017 babies

Rabe & al. Cochrane 2019
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Milking

Delayed cord clamping (DCC) with immediate neonatal care after cord 
clamping versus umbilical cord milking (UCM) 
(three studies, 322 babies and their mothers)

UCM versus early cord clamping (ECC) (11 studies, 1183 babies and their
mothers)

There are insufficient data for reliable conclusions about the 
comparative effects of UCM compared with delayed or early clamping
(mostly low or very low certainty).

Rabe & al. Cochrane 2019
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Katheria & al. 2019. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping With Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA.. doi:10.1001/jama.2019.16004

Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping
With Death or Severe Intraventricular Hemorrhage Among Preterm Infants
Anup Katheria, MD; Frank Reister, MD; Jochen Essers, MD; Marc Mendler, MD; Helmut Hummler, MD; Akila Subramaniam, MD; Waldemar Carlo, MD;
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IMPORTANCE Umbilical cord milking as an alternative to delayed umbilical cord clamping may
provide equivalent benefits to preterm infants, but without delaying resuscitation.

OBJECTIVE To determine whether the rates of death or severe intraventricular hemorrhage
differ among preterm infants receiving placental transfusion with umbilical cord milking vs
delayed umbilical cord clamping.

DESIGN, SETTING, AND PARTICIPANTS Noninferiority randomized clinical trial of preterm
infants (born at 23-31 weeks’ gestation) from 9 university and private medical centers in 4
countries were recruited and enrolled between June 2017 and September 2018. Planned
enrollment was 750 per group. However, a safety signal comprising an imbalance in the
number of severe intraventricular hemorrhage events by study group was observed at the
first interim analysis; enrollment was stopped based on recommendations from the data and
safety monitoring board. The planned noninferiority analysis could not be conducted and a
post hoc comparison was performed instead. Final date of follow-up was December 2018.

INTERVENTIONS Participants were randomized to umbilical cord milking (n = 236) or delayed
umbilical cord clamping (n = 238).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of death or severe
intraventricular hemorrhage to determine noninferiority of umbilical cord milking with a 1%
noninferiority margin.

RESULTS Among 540 infants randomized, 474 (88%) were enrolled and completed the trial
(mean gestational age of 28 weeks; 46% female). Twelve percent (29/236) of the umbilical
cord milking group died or developed severe intraventricular hemorrhage compared with 8%
(20/238) of the delayed umbilical cord clamping group (risk difference, 4% [95% CI, −2% to
9%]; P = .16). Although there was no statistically significant difference in death, severe
intraventricular hemorrhage was statistically significantly higher in the umbilical cord milking
group than in the delayed umbilical cord clamping group (8% [20/236] vs 3% [8/238],
respectively; risk difference, 5% [95% CI, 1% to 9%]; P = .02). The test for interaction
between gestational age strata and treatment group was significant for severe
intraventricular hemorrhage only (P = .003); among infants born at 23 to 27 weeks’ gestation,
severe intraventricular hemorrhage was statistically significantly higher with umbilical cord
milking than with delayed umbilical cord clamping (22% [20/93] vs 6% [5/89], respectively;
risk difference, 16% [95% CI, 6% to 26%]; P = .002).

CONCLUSIONS AND RELEVANCE In this post hoc analysis of a prematurely terminated
randomized clinical trial of umbilical cord milking vs delayed umbilical cord clamping among
preterm infants born at less than 32 weeks’ gestation, there was no statistically significant
difference in the rate of a composite outcome of death or severe intraventricular
hemorrhage, but there was a statistically significantly higher rate of severe intraventricular
hemorrhage in the umbilical cord milking group. The early study termination and resulting
post hoc nature of the analyses preclude definitive conclusions.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03019367

JAMA. 2019;322(19):1877-1886. doi:10.1001/jama.2019.16004
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Planned enrollment was 750 per group. However, a safety signal comprising an imbalance
in the number of severe intraventricular hemorrhage events by study group was observed
at the first interim analysis; enrollment was stopped

INTERVENTIONS Participants were randomized to umbilical cord milking (n = 236) or 
delayed umbilical cord clamping (n = 238).
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Katheria & al. 2019. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping With Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA.. doi:10.1001/jama.2019.16004

Death or Severe IVH
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Katheria & al. 2019. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping With Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA.. doi:10.1001/jama.2019.16004

Severe IVH
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Katheria & al. 2019. Association of Umbilical Cord Milking vs Delayed Umbilical Cord Clamping With Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA.. doi:10.1001/jama.2019.16004

Severe IVH
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El-Naggar, W., Afifi, J., Dorling, J., Bodani, J., Cieslak, Z., Canning, R., Ye, X.Y., Crane, J., Lee, S.K., Shah, P.S., 2020. A Comparison of
Strategies for Managing the Umbilical Cord at Birth in Preterm Infants. The Journal of Pediatrics.. doi:10.1016/j.jpeds.2020.05.018

Preterm infants <33 weeks of gestation admitted to the Canadian Neonatal 
Network between January 2015 and December 2017

9729 included; 4916 (50.5%) ECC, 394 (4.1%) UCM, and 4419 (45.4%) DCC. 

ECC group compared with UCM group
Mortality or major morbidity: aOR, 1.18; 95% CI, 1.03-1.35). 

ECC as compared with DCC 
Mortality: aOR, 1.6 [95% CI, 1.22-2.1] 
IVH: aOR, 1.29 [95% CI, 1.19-1.41]. 

UCM compared with DCC 
Severe IVH were higher with UCM: aOR, 1.38; 95% CI, 1.05-1.81)

Peak serum bilirubin levels were not significantly different.

Conclusions
Both DCC and UCM were associated with better short-term outcomes than ECC; however, 
the odds of severe intraventricular hemorrhage were higher with UCM compared with DCC. 
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Neurodevelopment?
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Armstrong-Buisseret, L., Powers, K., Dorling, J., Bradshaw, L., Johnson, S., Mitchell, E., Duley, L., 2020. Randomised trial of cord 
clamping at very pretermbirth: outcomes at 2 years. Archives of Disease in Childhood - Fetal and Neonatal Edition.. 
doi:10.1136/archdischild-2019-316912

Severe IVH
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Extra placental transfusion: 25-35 ml/kg

Higher haemoglobin
Physiologic haemolysis

Avoidance of iron deficiency

Birth

2 days
3 months

4-8 months

Years

Delayed cord clamping

Better supplied iron stores

Protection from anaemia Optimal neurodevelopment

‘The Placental Transfusion Model’

TERM
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Effect of timing of umbilical cord clamping of term infants on
maternal and neonatal outcomes (Review)

McDonald SJ, Middleton P, Dowswell T, Morris PS

This is a reprint of a Cochrane review, prepared and maintained by The Cochrane Collaboration and published in The Cochrane Library
2013, Issue 7

http://www.thecochranelibrary.com

Effect of timing of umbilical cord clamping of term infants on maternal and neonatal outcomes (Review)

Copyright © 2013 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

McDonald & al. Cochrane 2013
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P: 15 trials involving a total of 3911 term infants
I: Later (delayed) cord clamping > than one minute after birth or 
when cord pulsation has ceased
C: Early clamping within 60 seconds of the birth of the infant
O: Early cord clamping was associated with

• lower birth weight, 12 trials, 3139 infants
101 g decrease, 95% CI 45 to 157

• Lower hemoglobin at 24-48 hours, 884 infants
Mean difference -14.9 g/L, 95% CI -17.8 to -12.1

• Increased risk for iron deficiency, five trials, 1152 infants
RR 2.65 95% CI 1.04 to 6.73

24



2020-11-24

5

Two RCTs on cord clamping
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• Inclusion
• 540 (270 ≥ 180 s; 270 ≤ 60 s)
• Oct 2014 to Nov 2014

• 8 weeks

• Follow-up
• Blood and iron status (Hb+Fer)

• 8 and 12 months

• Bilirubin (transcutaneuos)
• 6-24 h

• Development (ASQ)
• 12 months

Study

• Inclusion
• 400 (200 ≥ 180 s; 200 ≤ 10 s)
• April 2008 to May 2009

• 13 months

• Follow-up
• Blood and iron status

• Birth, 48-72 h, 4 months, 12 months

• Bilirubin (blood)
• 48-72 h

• Development (ASQ)
• 4, 12 months
• 48 months (also WPPSI & MABC)

2
6

26

Cord clamping and Ferritin at 4-8 months

0

20
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140

Andersson 2011 (4m) Chaparro 2006 (6m) Ceriani Cernadas 2010
(6m)

KC 2017 (8m)

Early Cord clamping Delayed Cord clamping

p<0.001
Geometric mean ratio: 
1.6; 95% CI: 1.2 to 2.1p<0.001

+47%
+59%

+45%

Mexico, 2 min, n=358
Argentina, 3 min, n=159

Sweden, 3 min, n=347

+33%

Nepal, 3 min, n=400

p<0.001
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Kc A, Rana N, Malqvist M, Jarawka Ranneberg L, Subedi K, Andersson O. Effects of Delayed Umbilical Cord Clamping vs 
Early Clamping on Anemia in Infants at 8 and 12 Months: A Randomized Clinical Trial. JAMA Pediatr. 2017;171(3):264-
270.

Nepal: Anemia and ID 12 months
P=0.02
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Extra placental transfusion: 25-35 ml/kg

Higher haemoglobin
Physiologic haemolysis

Avoidance of iron deficiency

Birth

2 days
3 months

4-8 months

Years

Delayed cord clamping

Better supplied iron stores

Protection from anaemia Optimal neurodevelopment

‘The Placental Transfusion Model’

TERM

29

Why worry about iron and development?

•Hippocampus
•Myelin
•Dopaminergic neurons

30
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P: 73 healthy term pregnant women and their singleton fetuses
I: Delayed umbilical cord clamping (DCC, >5 minutes)
C: Immediate clamping (ICC, <20 seconds). 
O: At 4 months of age, blood was drawn for ferritin levels. 
Brain myelin content was measured with magnetic resonance imaging at 
4 and 12 months. 

The Effects of Delayed Cord Clamping on 12-Month
Brain Myelin Content and Neurodevelopment:
A Randomized Controlled Trial
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Keywords
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Abstract Objective This study aimed to determine if delayed cord clamping (DCC) affected
brain myelin water volume fraction (VFm) and neurodevelopment in term infants.
Study Design This was a single-blinded randomized controlled trial of healthy pregnant
womenwith term singleton fetuses randomizedatbirth to either immediate cord clamping
(ICC) (! 20 seconds) or DCC (" 5minutes). Follow-up at 12 months of age consisted of
blood work for serum iron indices and lead levels, a nonsedated magnetic resonance
imaging (MRI), followed within the week by neurodevelopmental testing.
Results At birth, 73 women were randomized into one of two groups: ICC (the usual
practice) or DCC (the intervention). At 12months, among 58 active participants, 41 (80%)
had usable MRIs. There were no differences between the two groups onmaternal or infant
demographic variables. At 12 months, infants who had DCC had increased white matter
brain growth in regions localized within the right and left internal capsules, the right
parietal, occipital, and prefrontal cortex. Gender exerted no difference on any variables.
Developmental testing (Mullen Scales of Early Learning, nonverbal, and verbal composite
scores) was not significantly different between the two groups.
Conclusion At 12 months of age, infants who received DCC had greater myelin
content in important brain regions involved in motor function, visual/spatial, and
sensory processing. A placental transfusion at birth appeared to increase myelin
content in the early developing brain.
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Ferritin:
At 4 months, infants with DCC had significantly greater ferritin levels (96.4 vs 65.3 ng/dL, P = .03) 

Myelin:

research examining whether these myelination differences
between infants with DCC and ICC persist, become more ex-
tensive, or normalize over time will be important. Evaluation
of the long-term consequences of DCC on infant brain de-
velopment and other neurodevelopmental outcomes is planned.
In this RCT, infants will return for MRI scans and
neurodevelopmental testing at 12 and 24 months of age, pro-
viding the opportunity to continue to study such outcomes.

The early developing brain regions, ie, the internal cap-
sules, differed between infants with DCC and ICC. These areas
of the brain are essential to a wide variety of cognitive func-
tions, including motor and sensory processing.46 Previous
studies investigating neurobehavioral outcomes following DCC
using neurodevelopmental testing only demonstrated im-
proved scores in fine motor and the social domains in infants
with DCC at 4 years of age, especially in boys,51 although no
differences were seen at 4 and 12 months of age.3,52 Our find-
ings suggest that differences in myelin content may underlie
neurodevelopmental differences between infants with DCC and
ICC that appear later in childhood. The present study exam-
ined neurodevelopmental outcomes in infants at 4 months of
age as this stage of infancy marks the onset of the most rapid
period of myelin development.46 We observed no
neurodevelopmental differences between the DCC and ICC
groups at this early time. VFm differences between children
with above-average and below-average cognitive ability do not
present until early toddlerhood (1-2 years).53 Thus,
neurodevelopmental gains resulting from DCC may not be ob-
servable until later in development. Assessment of the infants
enrolled in our current RCT at 12 and 24 months of age will
allow us to examine whether these differences manifest over
time.

One potential mechanism underlying our findings of early
myelination in infants with DCC and ICC may be related to
iron. Iron is involved in myelinogenesis and is a necessary
component for the maturation and function of the
oligodendrocytes.21 Studies in animals have demonstrated that
ID can lead to altered myelin lipid synthesis,15,54 changes in
myelin basic protein transcripts,55 and fundamental changes
to the myelin-producing oligodendrocyte populations.21 ID can

disrupt the trajectory of myelination growth and subse-
quently result in long-lasting myelin alterations.13 Our find-
ings associating VFm and blood ferritin levels have not been
reported previously. The increased iron stores afforded by in-
creased red cell volume at birth facilitated by DCC appear to
lead to increased infant myelination at 4 months of age. Myelin-
producing oligodendrocytes, the predominant cell type con-
taining iron, are composed of a mixture of ferritin subunits,
which allows these cells to both store and use iron in the bio-
synthesis of cholesterol and lipids for myelin production.21 Thus,
increased iron endowed through placental transfusion as mea-
sured by ferritin may enable oligodendrocytes to more rapidly
accumulate iron and initiate and sustain myelination more
quickly. However, this theory should be more specifically in-
vestigated with additional research in humans and animals.
Nonetheless, our findings provide further evidence of an as-
sociation between iron or ferritin and early brain myelina-
tion and may have important implications for clinical practice
based on these underlying mechanisms.

This study used a 5-minute delay for DCC. When the study
began in 2010, skin-to-skin care was adopted by the hospital
as the standard of care for healthy infants born at term. We
chose the 5-minute delay based on our pilot study,56 which
showed that RPBV was significantly greater in infants placed
skin-to-skin with ICC or a 2-minute delay compared with
infants with a 5-minute delay or cord milking (×5). We wanted
to obtain the maximum difference in placental transfusion
between groups to optimize variances in the MRI results. One
concern was that a delay of 5 minutes in this RCT resulted in
a RPBV of 20 mL/kg, which was more residual blood than ex-
pected. It is also more than we found in our earlier pilot study,
which yielded 11 mL/kg for infants born at term after 5 minutes.
In addition, Yao reported 13.8 mL/kg of RPBV after a 3-minute
delay with infants held below the level of the perineum, sug-
gesting that placing the infant on the maternal abdomen slows
the placental transfusion.2

Although we demonstrated greater ferritin levels at 4 months
with DCC, the levels were lower than those in a study by
Andersson et al, who reported a 3-minute delay but did not
discuss placement of the infant.3 In a personal conversation,

Figure 3. Group differences in myelin content between infants with DCC vs ICC by actual treatment. Significance is indicated
by the color scale on the right with yellow at P value of .01 and red at a P value of .05. These colors represent areas in which
myelin is greater in infants who had DCC compared with those who had ICC.
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dependent on adequate iron and iron stores to support the
demands of myelin growth which sharply accelerates during
the first fewmonths after birth.32 In this study, higher ferritin
levels at 4 months of age appeared to support increased brain
myelin in important brain regions and we now show this
extends out to 12 months of age. The practice of cutting the
cordquicklyat birthprevents an infant’s access to this essential
iron source and may result in ID, placing them at risk for
reduced brain myelin content. ID can result in epigenetic
changes via both deoxyribonucleic acid methylation and his-
tonemodificationpathwayspotentially leading to thenegative
long-term neurodevelopmental impact seen in children with
ID in infancy.16,33

Infants in this study who received DCC left less blood (34%)
behind in the placenta compared to those who had ICC. This
confirms a placental transfusion occurred with DCC. Along
withRBCs, thisbloodcontainsa largevolumeofstemscellsand
essential plasma.34 Although we did not measure stem cells,
others have shown that RPBV contains a large number and
variety of naïve stem cells including preoligodendrocytes.35,36

Ferritin has been an important biomarker inmultiple DCC
clinical trials for both term and preterm infants. However, by
12 months of age, ferritin levels usually do not significantly
differ between children exposed to ICC or DCC.37,38 This
provides support for our hypothesis that better iron stores at
4months of age (as a result of placental transfusion) result in
more myelin content in the early developing brain regions at
both at 4 and 12 months of age.

In this cohort of children, there was a significant differ-
ence in cord clamping time at birth. The ideal time for
clamping the cord remains controversial. A 5-minute delay
was chosen to reflect a clearer contrast between our two
groups (ICC and DCC) and to offset any potential effect from
infants being placed on the maternal abdomen (i.e., infant
held above the level of the placenta). Examining varying cord
clamping times with infants placed skin-to-skin, we
obtained differences of 35mL/kg RPBV with ICC, 25mL/kg
with a 2-minute delay, 11mL/kg with a 5-minute delay, and
18mL/kg with cord milking (five times). This suggests when
infants are placed on the maternal abdomen, more time is
needed to achieve an adequate placental transfusion.39

Two studies recently have added new information charac-
terizing intact cord blood flow that supports physiologic cord
clamping and extended delay. Boere et almeasured bloodflow
in the umbilical cord after birth and before cord clampingwith
Doppler ultrasound in 30 uncomplicated term spontaneous
vaginal births.40 Over 80% of the infants in the study had
umbilical arterial flow (UAF) continued for at least
4.22minutes after birth and by 6minutes, 43% still had UAF
when the cord was clamped. The UAF was pulsatile similar to
the infant’s heartbeat and flow was mainly unidirectional,
from the infant to the placenta. In another study of the
duration of cord pulsations by palpation in 102 infants with
DCC at vaginal birth, pulsations continued for 213 seconds
medianduration.41Whendividing the group inhalf belowand
above themedian, they found that infantswith longerduration
of cord pulsations had higher birthweights (3,530 vs. 3,250,
p¼ 0.005) and longer third stage of labor (12 vs. 8minutes,
p< 0.001), without an increased risk of postpartum hemor-
rhage. An observational study of 900 Swedish women and
infants with extended cord clamping time (median 6minutes,
ranging from 0 to 23.5minutes), reported less postpartum
hemorrhage and no difference in infant bilirubin levels with
longer cord clamping times.42 Extending cord clamping times
(>180 seconds) is avery suitable area for further investigation.

The children in this cohort showed no significant differ-
ences in the MSEL verbal or nonverbal language scores or in
overall cognitive abilities or social emotional competence on
the BITSEA. Thiswas not an unexpected finding and is similar
to the results reported by Andersson et al in over 300
Swedish healthy term infants randomized to either ICC
(" 10 seconds) or DCC (# 180 seconds) at birth.38 Andersson
et al found at 12 months of age, DCC showed no effect on
developmental outcomes. However, at 4 years, they found
higher fine motor skills and social domain scores in the DCC
group, especially in boys. It is likely that developmental
differences may not be discernable until a child needs to
use higher order functioning such as executive function.15

Interestingly, Kc et al, using the Ages and Stages Question-
naire, reported higher scores in the infantswho received DCC
(# 180 seconds) at 12 months in a study of more than 330
Nepalese term infants.43 The childrenwho received DCC also

Fig. 2 MRI view comparison of brain myelin. Significance is indicated by the color scale on the right with yellow at a p-value of 0.01 and red at p-
value of 0.05. The color represents areas in which myelin is greater in infants who had DCC compared with those who had ICC. DCC, delayed cord
clamping; ICC, immediate cord clamping; MRI, magnetic resonance imaging.
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Abstract Objective This study aimed to determine if delayed cord clamping (DCC) affected
brain myelin water volume fraction (VFm) and neurodevelopment in term infants.
Study Design This was a single-blinded randomized controlled trial of healthy pregnant
womenwith term singleton fetuses randomizedatbirth to either immediate cord clamping
(ICC) (! 20 seconds) or DCC (" 5minutes). Follow-up at 12 months of age consisted of
blood work for serum iron indices and lead levels, a nonsedated magnetic resonance
imaging (MRI), followed within the week by neurodevelopmental testing.
Results At birth, 73 women were randomized into one of two groups: ICC (the usual
practice) or DCC (the intervention). At 12months, among 58 active participants, 41 (80%)
had usable MRIs. There were no differences between the two groups onmaternal or infant
demographic variables. At 12 months, infants who had DCC had increased white matter
brain growth in regions localized within the right and left internal capsules, the right
parietal, occipital, and prefrontal cortex. Gender exerted no difference on any variables.
Developmental testing (Mullen Scales of Early Learning, nonverbal, and verbal composite
scores) was not significantly different between the two groups.
Conclusion At 12 months of age, infants who received DCC had greater myelin
content in important brain regions involved in motor function, visual/spatial, and
sensory processing. A placental transfusion at birth appeared to increase myelin
content in the early developing brain.
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Effect of Delayed Cord Clamping on Neurodevelopment at 12 months - a Randomized Controlled Trial (Neonatology 2019;115:36–42)

Nepal

33

• 263 children (68.8%) 
• Delayed CC improved the adjusted mean differences (AMDs) 

in the ASQ 
• fine-motor (AMD, 2.1; 95% CI, 0.2-4.0) domains
• personal-social (AMD, 2.8; 95% CI, 0.8-4.7)

• Strengths and Difficulties Questionnaire
• prosocial subscale (AMD, 0.5; 95% CI, >0.0-0.9).

• Fewer children in the delayed-CC group had results below
the cutoff in the
• ASQ fine-motor domain (11.0% vs 3.7%; P = .02) and 
• Movement ABC bicycle-trail task (12.9% vs 3.8%; P=.02). 

Andersson & al. JAMA Peds 2015

Neurodevelopment in Sweden at 4 years

34

What about jaundice?

35

Jaundice and phototerapy

• Phototerapy 1.61 [1.04, 2.44 ]
• 4.4% (52/1193) vs 2.7% (31/1131)
• Unpublished data (one study, 1996)

• 7,7% (37/483) vs. 4,6 % (22/480)
• Published data

• 2,1% (15/710) vs.1,4% (9/651)

McDonald & al. Cochrane 2013
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Early CC 
(n=91)

Delayed CC 
(n=90)

p

Laboratory data at 24-48 hours of age

Bilirubin (μmol/L)
median (first quartile–third quartile) 

124 
(95-153)

122
(85-153)

n.s.

Bilirubin > 275 μmol/L , n (%) 2 (2.2) 0 (0.0) n.s

Argentinian study

Ceriani Cernadas & al 2006

37

Early CC 
(n=129)

Delayed CC 
(n=136)

p

Laboratory data at (mean) 2.4 days of age

Bilirubin (μmol/L) 144 (62) 145 (67) 0.96

Bilirubin > 275 μmol/L , n (%) 3 (2.3) 1 (0.7) 0.36

Treated with phototherapy , n (%) 2 (1.1) 1 (0.5) 0.62
p value calculated by: Students t test for continuous variables and Fischer’s exact test for dichotomous varables.

Andersson & al. BMJ 2011

Sweden: Bilirubin

38

Rana & al. Submitted

Nepal: Bilirubin

•No differences at discharge (n=540)
• ECC 87.3 vs DCC 85.4 μmol/L, p=0.6

•At high risk of needing phototherapy
• ECC 22 (8.6%) vs DCC 25 (9.7%), p=0.4
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Abstract
Background: Delaying cord clamping is recommended in 
order to assure placental transfusion. However, the evidence 
on cord management in elective cesarean section (CS) is lim-
ited. Objective: To compare delayed cord clamping (DCC) 
with early cord clamping (ECC) with regard to postnatal ad-
aptation in neonates born through elective CS. Methods: All 
neonates born ≥39 weeks’ gestation born through elective 
CS were assigned to either the DCC or the ECC arm at a 1: 1 
ratio according to a computer-generated, randomized se-
quence. The primary outcome was the hematocrit at day 2 
of life. Secondary outcomes included: preductal oxygen sat-
uration and heart rate during the first 10 min of life; transcu-
taneous bilirubin at day 3; and neonatal blood pressures in 
the first 3 days of life. Additional outcomes included: time 
to first spontaneous breath; temperature at admission to 
normal nursery; weight at discharge; and maternal blood 
losses. Results: Eighty neonates were randomized to the 
DCC (n = 40) or the ECC (n = 40) arm. The hematocrit at day 

2 was significantly higher in the DCC arm than in the ECC arm 
(mean difference: 6%; 95% CI 3–8; p < 0.0001). The secondary 
outcome measures were not statistically different between 
the two arms. No infants needed phototherapy for hyper-
bilirubinemia during their hospital stay. Conclusions: Delay-
ing cord clamping beyond 60 s increases the hematocrit at 
day 2 in neonates born through elective CS, without affect-
ing maternal blood losses. Our findings suggest that DCC 
should be recommended in elective CS, but further studies 
are warranted to assess long-term outcomes.

© 2019 S. Karger AG, Basel

Introduction

The transition from intra- to extrauterine life is char-
acterized by changes in blood circulation and by initia-
tion of ventilation and oxygenation via the lungs [1]. 
Placental transfusion is the transfer of blood from the 
placenta to the newborn, which has recently been recog-

F. Cavallin and B. Galeazzo contributed equally to this work. Clinical-
Trials.gov identifier NCT03549884.
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Effect of Delayed vs Immediate Umbilical Cord Clamping
on Maternal Blood Loss in Term Cesarean Delivery
A Randomized Clinical Trial
Stephanie E. Purisch, MD; Cande V. Ananth, PhD, MPH; Brittany Arditi, MD, MSCR; Logan Mauney, MD;
Barouyr Ajemian, MD; Amy Heiderich, MD; Tina Leone, MD; Cynthia Gyamfi-Bannerman, MD, MSc

IMPORTANCE The American College of Obstetricians and Gynecologists recommends a delay
in umbilical cord clamping in term neonates for at least 30 to 60 seconds after birth. Most
literature supporting this practice is from low-risk vaginal deliveries. There are no published
data specific to cesarean delivery.

OBJECTIVE To compare maternal blood loss with immediate cord clamping vs delayed cord
clamping in scheduled cesarean deliveries at term (!37 weeks).

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial performed at 2 hospitals within
a tertiary academic medical center in New York City from October 2017 to February 2018
(follow-up completed March 15, 2018). A total of 113 women undergoing scheduled cesarean
delivery of term singleton gestations were included.

INTERVENTIONS In the immediate cord clamping group (n = 56), cord clamping was within
15 seconds after birth. In the delayed cord clamping group (n = 57), cord clamping was at
60 seconds after birth.

MAIN OUTCOMES AND MEASURES The primary outcome was change in maternal hemoglobin
level from preoperative to postoperative day 1, which was used as a proxy for maternal blood
loss. Secondary outcomes included neonatal hemoglobin level at 24 to 72 hours of life.

RESULTS All of the 113 women who were randomized (mean [SD] age, 32.6 [5.2] years)
completed the trial. The mean preoperative hemoglobin level was 12.0 g/dL in the delayed
and 11.6 g/dL in the immediate cord clamping group. The mean postoperative day 1
hemoglobin level was 10.1 g/dL in the delayed group and 9.8 g/dL in the immediate group.
There was no significant difference in the primary outcome, with a mean hemoglobin change
of −1.90 g/dL (95% CI, −2.14 to −1.66) and −1.78 g/dL (95% CI, −2.03 to −1.54) in the delayed
and immediate cord clamping groups, respectively (mean difference, 0.12 g/dL [95% CI,
−0.22 to 0.46]; P = .49). Of 19 prespecified secondary outcomes analyzed, 15 showed
no significant difference. The mean neonatal hemoglobin level, available for 90 neonates
(79.6%), was significantly higher with delayed (18.1 g/dL [95% CI, 17.4 to 18.8]) compared
with immediate (16.4 g/dL [95% CI, 15.9 to 17.0]) cord clamping (mean difference, 1.67 g/dL
[95% CI, 0.75 to 2.59]; P < .001). There was 1 unplanned hysterectomy in each group.

CONCLUSIONS AND RELEVANCE Among women undergoing scheduled cesarean delivery of
term singleton pregnancies, delayed umbilical cord clamping, compared with immediate cord
clamping, resulted in no significant difference in the change in maternal hemoglobin level
at postoperative day 1.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT03150641

JAMA. 2019;322(19):1869-1876. doi:10.1001/jama.2019.15995
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Abstract
Background: Delaying cord clamping is recommended in 
order to assure placental transfusion. However, the evidence 
on cord management in elective cesarean section (CS) is lim-
ited. Objective: To compare delayed cord clamping (DCC) 
with early cord clamping (ECC) with regard to postnatal ad-
aptation in neonates born through elective CS. Methods: All 
neonates born ≥39 weeks’ gestation born through elective 
CS were assigned to either the DCC or the ECC arm at a 1: 1 
ratio according to a computer-generated, randomized se-
quence. The primary outcome was the hematocrit at day 2 
of life. Secondary outcomes included: preductal oxygen sat-
uration and heart rate during the first 10 min of life; transcu-
taneous bilirubin at day 3; and neonatal blood pressures in 
the first 3 days of life. Additional outcomes included: time 
to first spontaneous breath; temperature at admission to 
normal nursery; weight at discharge; and maternal blood 
losses. Results: Eighty neonates were randomized to the 
DCC (n = 40) or the ECC (n = 40) arm. The hematocrit at day 

2 was significantly higher in the DCC arm than in the ECC arm 
(mean difference: 6%; 95% CI 3–8; p < 0.0001). The secondary 
outcome measures were not statistically different between 
the two arms. No infants needed phototherapy for hyper-
bilirubinemia during their hospital stay. Conclusions: Delay-
ing cord clamping beyond 60 s increases the hematocrit at 
day 2 in neonates born through elective CS, without affect-
ing maternal blood losses. Our findings suggest that DCC 
should be recommended in elective CS, but further studies 
are warranted to assess long-term outcomes.
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Introduction

The transition from intra- to extrauterine life is char-
acterized by changes in blood circulation and by initia-
tion of ventilation and oxygenation via the lungs [1]. 
Placental transfusion is the transfer of blood from the 
placenta to the newborn, which has recently been recog-

F. Cavallin and B. Galeazzo contributed equally to this work. Clinical-
Trials.gov identifier NCT03549884.

D
ow

nl
oa

de
d 

by
: 

Lu
nd

 U
ni

ve
rs

ity
 L

ib
ra

rie
s

13
0.

23
5.

66
.1

0 
- 3

/1
1/

20
20

 8
:1

3:
57

 A
M

N 40 + 40
Conclusions: Delaying cord clamping beyond 60 s increases the 
hematocrit at day 2 in neonates born through elective CS, 
without affecting maternal blood losses. 
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N 57 + 56
Delaying cord clamping beyond 60 s increases the hematocrit at 
24-72 h in neonates born through elective CS, without affecting
maternal blood losses. 

Effect of Delayed vs Immediate Umbilical Cord Clamping
on Maternal Blood Loss in Term Cesarean Delivery
A Randomized Clinical Trial
Stephanie E. Purisch, MD; Cande V. Ananth, PhD, MPH; Brittany Arditi, MD, MSCR; Logan Mauney, MD;
Barouyr Ajemian, MD; Amy Heiderich, MD; Tina Leone, MD; Cynthia Gyamfi-Bannerman, MD, MSc

IMPORTANCE The American College of Obstetricians and Gynecologists recommends a delay
in umbilical cord clamping in term neonates for at least 30 to 60 seconds after birth. Most
literature supporting this practice is from low-risk vaginal deliveries. There are no published
data specific to cesarean delivery.

OBJECTIVE To compare maternal blood loss with immediate cord clamping vs delayed cord
clamping in scheduled cesarean deliveries at term (!37 weeks).

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial performed at 2 hospitals within
a tertiary academic medical center in New York City from October 2017 to February 2018
(follow-up completed March 15, 2018). A total of 113 women undergoing scheduled cesarean
delivery of term singleton gestations were included.

INTERVENTIONS In the immediate cord clamping group (n = 56), cord clamping was within
15 seconds after birth. In the delayed cord clamping group (n = 57), cord clamping was at
60 seconds after birth.

MAIN OUTCOMES AND MEASURES The primary outcome was change in maternal hemoglobin
level from preoperative to postoperative day 1, which was used as a proxy for maternal blood
loss. Secondary outcomes included neonatal hemoglobin level at 24 to 72 hours of life.

RESULTS All of the 113 women who were randomized (mean [SD] age, 32.6 [5.2] years)
completed the trial. The mean preoperative hemoglobin level was 12.0 g/dL in the delayed
and 11.6 g/dL in the immediate cord clamping group. The mean postoperative day 1
hemoglobin level was 10.1 g/dL in the delayed group and 9.8 g/dL in the immediate group.
There was no significant difference in the primary outcome, with a mean hemoglobin change
of −1.90 g/dL (95% CI, −2.14 to −1.66) and −1.78 g/dL (95% CI, −2.03 to −1.54) in the delayed
and immediate cord clamping groups, respectively (mean difference, 0.12 g/dL [95% CI,
−0.22 to 0.46]; P = .49). Of 19 prespecified secondary outcomes analyzed, 15 showed
no significant difference. The mean neonatal hemoglobin level, available for 90 neonates
(79.6%), was significantly higher with delayed (18.1 g/dL [95% CI, 17.4 to 18.8]) compared
with immediate (16.4 g/dL [95% CI, 15.9 to 17.0]) cord clamping (mean difference, 1.67 g/dL
[95% CI, 0.75 to 2.59]; P < .001). There was 1 unplanned hysterectomy in each group.

CONCLUSIONS AND RELEVANCE Among women undergoing scheduled cesarean delivery of
term singleton pregnancies, delayed umbilical cord clamping, compared with immediate cord
clamping, resulted in no significant difference in the change in maternal hemoglobin level
at postoperative day 1.
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Intact cord resuscitation
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Intact cord resuscitation
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Bhatt 2013
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Delaying cord clamping until ventilation onset improves
cardiovascular function at birth in preterm lambs

Sasmira Bhatt1,2, Beth J. Alison1, Euan M. Wallace1,2, Kelly J. Crossley1,2, Andrew W. Gill3,
Martin Kluckow4, Arjan B. te Pas5, Colin J. Morley6, Graeme R. Polglase1,2 and Stuart B. Hooper1,2

1Ritchie Centre, Monash Institute of Medical Research, Monash University, Clayton, Victoria, Australia
2Department of Obstetrics and Gynaecology, Monash University, Clayton, Victoria, Australia
3Centre for Neonatal Research and Education, The University of Western Australia, Crawley, Western Australia, Australia
4Department of Neonatal Medicine, Royal North Shore Hospital and University of Sydney, Sydney, New South Wales, 2065, Australia
5Department of Pediatrics, Leiden University Medical Centre, Leiden, The Netherlands
6 Department of Newborn Research, The Royal Women’s Hospital, Melbourne, Australia

Key points

• Delayed cord clamping improves circulatory stability in preterm infants at birth, but the
underlying reason is not known.

• In a new preterm lamb study we investigated whether delayed cord clamping until ventilation
had been initiated improved pulmonary, cardiovascular and cerebral haemodynamic stability.

• We demonstrated that ventilation prior to cord clamping markedly improves cardiovascular
function by increasing pulmonary blood flow before the cord is clamped, thus further stabilising
the cerebral haemodynamic transition.

• These results show that delaying cord clamping until after ventilation onset leads to a smoother
transition to newborn life, and probably underlies previously demonstrated benefits of delayed
cord clamping.

Abstract Delayed cord clamping improves circulatory stability in preterm infants at birth, but
the underlying physiology is unclear. We investigated the effects of umbilical cord clamping,
before and after ventilation onset, on cardiovascular function at birth. Prenatal surgery was
performed on lambs (123 days) to implant catheters into the pulmonary and carotid arteries
and probes to measure pulmonary (PBF), carotid (CaBF) and ductus arteriosus blood flows.
Lambs were delivered at 126 ± 1 days and: (1) the umbilical cord was clamped at delivery and
ventilation was delayed for about 2 min (Clamp 1st; n = 6), and (2) umbilical cord clamping
was delayed for 3–4 min, until after ventilation was established (Vent 1st; n = 6). All lambs
were subsequently ventilated for 30 min. In Clamp 1st lambs, cord clamping rapidly (within
four heartbeats), but transiently, increased pulmonary and carotid arterial pressures (by ∼30%)
and CaBF (from 30.2 ± 5.6 to 40.1 ± 4.6 ml min−1 kg−1), which then decreased again within
30–60 s. Following ventilation onset, these parameters rapidly increased again. In Clamp 1st
lambs, cord clamping reduced heart rate (by ∼40%) and right ventricular output (RVO; from
114.6 ± 14.4 to 38.8 ± 9.7 ml min−1 kg−1), which were restored by ventilation. In Vent 1st lambs,
cord clamping reduced RVO from 153.5 ± 3.8 to 119.2 ± 10.6 ml min−1 kg−1, did not affect heart
rates and resulted in stable blood flows and pressures during transition. Delaying cord clamping
for 3–4 min until after ventilation is established improves cardiovascular function by increasing

G. R. Polglase and S. B. Hooper contributed equally to this work

C⃝ 2013 The Authors. The Journal of Physiology C⃝ 2013 The Physiological Society DOI: 10.1113/jphysiol.2012.250084

6 preterm (123 days) lambs in each group

45

Clamping after ventilation resulted in:
• More stable carotide arterial flow
• More stable heart rate
• Higher right ventricular output

Bhatt, S. & al. J Physiol, 591(8), 2113-2126. 
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Cardiovascular effects in term infants

• Smit & al, 2014: DCC 
and immediate skin to 
skin contact

• N=109
• Defined reference

range (J.Dawson 2010, 
N=308)

.
Smit M , Dawson JA, Ganzeboom A, Hooper SB, van Roosmalen J, te Pas AB. Pulse oximetry in newborns with delayed cord clamping and immediate 
skin-to-skin contact. Archives of Disease in Childhood - Fetal and Neonatal Edition. 2014 M arch 31, 2014

DCC higher O2 saturation

47

DCC lower heart rate

Smit M , Dawson JA, Ganzeboom A, Hooper SB, van Roosmalen J, te Pas AB. Pulse oximetry in newborns with delayed cord clamping and immediate 
skin-to-skin contact. Archives of Disease in Childhood - Fetal and Neonatal Edition. 2014 M arch 31, 2014

90 % over 100:
5 min

90 % over 100:
2 min

• Smit & al, 2014: DCC 
and immediate skin 
to skin contact
– N=109

• Defined reference
range (J.Dawson
2010, N=308)

.
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P: Infants identified at risk for resuscitation were 
randomized (n=30 per group)
I: CC at 5 minutes. 
C: CC at one minute
O: The need for resuscitation was 63% (19/30) in the 1-
minute group and 43% (13/30) in the 5-minute group. 
The 5-minute group had greater cerebral oxygenation and 
blood pressure at 12 hours of life

Katheria AC, Brown MK, Faksh A, Hassen KO, Rich W, Lazarus D, et al.
Delayed Cord Clamping in Newborns Born at Term at Risk for Resuscitation: A 
Feasibility Randomized Clinical Trial. J Pediatr 2017; 187:313-7 e1.

49

P: Congenital diaphragmatic hernia, before and after 
design (n=20 in each group) 
I: DCC, intact cord resuscitation
C: ICC, immediate cord clamping
O: The pH was higher, and the plasma lactate concentration 
was significantly lower at one hour after birth in the intact 
cord resuscitation group. 
Mean blood pressure was significantly higher 1, 6 and 12 
hours after birth in the intact cord resuscitation group

Lefebvre C, Rakza T, Weslinck N, et al. Feasibility and safety of intact cord 
resuscitation in newborn infants with congenital diaphragmatic hernia (CDH). 
Resuscitation. 2017;120:20-25
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In need of resuscitation
total= 231

Delayed cord 
clamping total= 780

Early cord 
clampingtotal = 780

Included = 1560

Randomisation at birth

Pilot study i Nepal

51

Prevalence of advers short outcome
Early vs. Intact cord resuscitation

52

53

Sustained cord clamping Awaiting VEntilation
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