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Abstract
There is recent evidence that a delay of clamping by 30 to 60 seconds after birth, compared to immediate cord clamping, is asso-

ciated with increased placental transfusion and better neonatal outcomes. Umbilical cord milking is usually defined as the milking
of 20 cm of umbilical cord toward the umbilicus 3 times while the infant was held at the level of the introitus or below the level of

the placenta before cord clamping. There is paucity of evidence regarding long-term neurodevelopmental outcomes for delayed cord
clamping/cord milking compared with immediate cord clamping (particularly for preterm infants). To date, three randomised con-

trolled trials reported data on neurodevelopment at 1 - 2 years’ follow-up. The findings of these studies suggest that placental trans-

fusion compared to early cord clamping might be associated with better neurodevelopment among preterm infants, at least at earlier
(< 30 weeks) gestational ages and possibly in some settings. However, available studies were underpowered to detect significant
differences between groups. Further studies are needed to confirm these findings and to assess the optimal timing of cord clamping.
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Background
The umbilical cords of babies born preterm have generally been cut immediately to allow the transfer of the newborn to the neonatal

team. However, there is recent evidence that a delay of clamping by 30 to 60 seconds after birth is associated with increased placental

transfusion and better neonatal outcomes [1]. There is controversy about how long it is appropriate to delay clamping if the baby is per-

ceived to require resuscitation. Umbilical cord milking is usually defined as the milking of 20 cm of umbilical cord toward the umbilicus 3
times while the infant was held at the level of the introitus or below the level of the placenta before cord clamping.

Both interventions are associated with placental transfusion; international panels of experts have made different recommendations

about this practice, as summarised below.

The 2015 international guidelines on cardiopulmonary resuscitation of the newborn [2] highlighted the effects of delayed cord clamp-

ing (less periventricular haemorrhage, higher blood pressure and blood volume, less need for transfusion, lower incidence of necrotising
enterocolitis, higher peak bilirubin value) and cord milking (higher mean blood pressure, lower incidence of intraventricular haemorrhage, higher haemoglobin level with less need for transfusions) in preterm infants during their NICU stay. The treatment recommendations were: 1) to provide delayed cord clamping for preterm infants not requiring immediate resuscitation after birth (weak recommenCitation: Stefano Nobile and Michela Anna Tenace. “Long-Term Neurodevelopmental Outcomes of Placental Transfusion (Delayed Cord
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dation, very-low-quality evidence); 2) to avoid cord milking for infants born at 28 weeks of gestation or less, because there is insufficient
published human evidence of benefit.

Non-uniform guidelines have been published in recent years by medical associations. The World Health Organisation and the Inter-

national Federation of Gynaecology and Obstetrics suggested delayed cord clamping (1 - 3 minutes) in non-asphyxiated newborns and in

those not requiring resuscitation [3]. The American College of Obstetricians and Gynaecologists [1] recommended delayed cord clamping
(DCC: > 30 - 60 seconds) for vigorous preterm infants and did not support nor refute cord milking.

The Royal College of Obstetricians and Gynaecologists [4] suggested potential benefit of delayed cord clamping among preterm infants

but did not provide clear indications.

The National Institute for Health and Care Excellence [5] recommended delayed cord clamping (30-180 seconds) for stable preterm

infants and mothers and cord milking for those requiring resuscitation/medical interventions.

The Italian Association of Obstetrics and Gynaecologists [6] recommended delayed cord clamping (> 60 seconds) for breathing pre-

term infants (evidence grade IA), cord milking for preterm infants requiring resuscitation (evidence grade IIC) and list contraindications
for delayed cord clamping (i.e. placental diseases, multiple birth, IUGR with abnormal Doppler etc).

In some institutions, the provision of placental transfusion at birth may be not codified by an institutional protocol and could depend

on various factors, including the attitude of the gynaecologist and the neonatologist present at birth, the maternal and foetal health sta-

tus, the mode of delivery (personal communications). Most vaginally-born term infants may receive DCC before skin-to-skin care; some
preterm infants born by Caesarean section could rather receive cord milking, as it is faster and allows prompt resuscitation and stabilisa-

tion. Term infants delivered by Caesarean section can either receive cord milking, immediate cord clamping or DCC. Local guidelines for
preterm infants are particularly needed since, at least in some institutions, extremely preterm infants are often delivered by Caesarean
section (in an attempt to reduce the occurrence of intraventricular haemorrhage).

The collaboration between neonatologists and gynaecologists is important, and a prenatal plan could be helpful.
Clinical aspects and previous studies

Major knowledge gaps on this topic are multiple and include 1) the lack of evidence regarding neurodevelopmental outcomes for DCC/

cord milking compared with immediate cord clamping (particularly for preterm infants) and 2) the comparison of DCC/cord milking versus immediate cord clamping among preterm infants who receive resuscitation. We will try to address the first issue.

To date, three randomised controlled trials reported data on neurodevelopment at 1 - 2 years’ follow-up [7-9]. These were randomised

trials in the United Kingdom, United States of America and north India involving patients followed between 18 and 30 months’ corrected
age (overall 315 treated with immediate cord clamping, 264 with delayed cord clamping, 82 with cord milking); 29 of them were followed
at 3.5 year corrected age (18 with cord milking and 11 with delayed cord clamping).

Mercer., et al. [8] studied 161 preterm infants born < 32 weeks’ gestational age, and showed that a brief delay in cord clamping (30 - 45

seconds followed by a single cord milking) was associated with better motor outcomes at 18 - 22 months; however, details about cognitive

and language scores were not provided, and post-hoc sensitivity analyses using actual treatment were needed since there was a 12% rate
of protocol violations and unequal groups on 2 major confounding variables.

Rabe., et al. [7] compared 30 seconds’ delayed cord clamping with cord milking and did not include a control group of infants treated

with immediate cord clamping due to the institutional protocol of providing delayed cord clamping to all deliveries (i.e. it was deemed un-

ethical to provide immediate cord clamping at that institution). Patients (n. 39) born between 24 and 32 weeks of gestation were followed
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at 2- and 3.5-year corrected age, that is the longest follow-up of infants involved in a placental transfusion trial. No significant differences
in Bayley scores were identified between the two groups, but cord milking compared to DCC was associated with better language scores

at 2-year follow-up (with borderline significance). Of note, infants studied by Rabe., et al. [10] had higher (about 10 points) motor scores
compared with those studied by Mercer., et al. Neither of these studies provided details about resuscitation in the delivery room.

Das., et al. [9] studied 461 infants born at 30 - 33 weeks of gestation, who were randomized to early cord clamping (within 10 seconds)

or placental transfusion (DCC after 60 seconds or cord milking). Infants were evaluated at multiple time intervals until 24 - 30 months’
chronological age by means of an Indian adaptation of Bayley Scale of Infant Development III. The authors found that the survival free of
neurodevelopmental impairment at 24 - 30 months of chronological age was similar in the placental transfusion and early cord clamping
groups (47% vs. 50%, p = 0.9). They also found no difference between groups in the incidence rates of neurodevelopmental impairment

at 24 - 30 months (37% vs. 39%, p = 0.8), anthropometric parameters, incidence rates of intraventricular haemorrhage, periventricular
leukomalacia, necrotising enterocolitis stage 2 and 3 and need for phototherapy and exchange transfusion.

Conclusions

The findings of these studies suggest that placental transfusion compared to early cord clamping might be associated with better

neurodevelopment among preterm infants, at least at earlier (< 30 weeks) gestational ages and possibly in some settings. However, avail-

able studies were underpowered to detect significant differences between groups. DCC appears safe and was associated with similar

subsequent neurodevelopmental outcomes when compared to immediate cord clamping in preterm infants; cord milking is similar to
delayed cord clamping and can be considered an alternative treatment. One can speculate that cord milking could be preferred when a

preterm infant is likely to require resuscitation, while DCC could be performed in the remaining cases, provided other protective factors

are assured (i.e. stable maternal conditions and good temperature of the newborn). However, further studies are needed to confirm these
findings and to assess the optimal timing of cord clamping.
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