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Umbilical cord clamping in preterm infants
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ABSTRACT

For several years now, the survival of preterm
infantshasbeenincreasing, which has shifted our
concern to preterm infants born before 28 weeks
of gestationin particular. The timing of umbilical
cord clamping may lead to several disorders,
especially when done early (10-15 seconds). In
the last two decades, several investigations have
shown the considerable benefits of delayed cord
clamping (2-3 minutes). Delayed cord clamping
has been practiced in obstetrics and neonatal
care based on the recommendations made by
scientific societies and in systematic reviews,
which have provided solid evidence to support
this practice in preterm infants. This review
describes the most relevant articles from the last
years, which strongly support the use of delayed
cord clamping versus early cord clamping. In
addition, this practice reduces the rate of severe
disorders in preterm infants.
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For centuries now, the timing of
umbilical cord clamping has been
taken into consideration. Until after
the end of the Second World War,
births used to take place at home,
and the umbilical cord was cut when
it stopped pulsating. Some families
did not perform cord clamping, and
it came out with the placenta. For
thousands of centuries, human beings
have maintained the pulsation of
the umbilical cord, which has been
confirmed for Homo sapiens. This also
happens in mammals, which are very
similar to human beings.

In the first years of the 21% century,
the frequency of delayed cord
clamping has been increasing.
This was due to scientific studies
conducted in newborn infants.""* Most
countries started implementing this
practice and observed that neonates

with delayed clamping had a better
long-term course.?

At the beginning, some studies
related to the timing of cord clamping
were conducted in a few preterm
newborn infants. A pilot study
recruited 32 preterm infants born
between 24 and 32 weeks, whose
cord clamping had been done at 5 to
10 seconds versus 30 to 45 seconds.
Its results showed that the delayed
cord clamping group had a higher
blood pressure and oxygen use was
not required."

Other studies included preterm
infants born before 37 weeks of
gestation, with most of them being
born between 34 and 36 weeks, and
the result of cord clamping was
similar to that of infants born at term.

The evolution of cord clamping
improved with the 2007 Cochrane
systematic review, which included
7 studies involving 297 preterm infants
out of the 16 identified studies. The
main objective assessed the timing of
placental transfusion, according to the
timing of cord clamping. The outcome
measures were transfusion, anemia,
and intraventricular hemorrhage,
with a significantly lower incidence
observed among neonates with
clamping at 30 to 120 seconds."

After this systematic review, other
clinical studies related to delayed
clamping, which assessed placental
transfusion, were published. One
of them found that an increase in
red blood cells prevented anemia, a
very common disorder. It resulted
from the frequent blood sampling
in the neonatal intensive care unit
(NICU). Most preterm infants born
before 32 weeks usually receive
several blood transfusions. In
addition, anemia affects the course
of respiratory diseases (in particular,
bronchopulmonary dysplasia) and
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bacterial infections due to blood transfusions.**¢

Another Cochrane review from June 2012
added 15 studies.” It included a study that
revealed better outcomes with delayed clamping
versus immediate clamping. With delayed
clamping, preterm infants required less blood
transfusions due to anemia (7 trials, 392 preterm
infants). In addition, they had a decreased
incidence of intraventricular hemorrhage
(10 trials, 539 neonates) and necrotizing
enterocolitis (5 trials, 241 neonates).!®"

Another study assessed the relation of
immediate and delayed clamping in preterm
infants born at < 32 weeks of gestational age.
Its results revealed that a delayed clamping
was associated with a significant reduction
in intraventricular hemorrhage and early
transfusions.?

Several studies assessed the outcomes of
delayed cord clamping and found neonatal
benefits, such as improved transitional
circulation, better establishment of red blood cell
volume, decreased need for blood transfusion,
and lower incidence of necrotizing enterocolitis
and intraventricular hemorrhage. Bilirubin
levels were higher among preterm infants
with delayed clamping, without statistically
significant differences in phototherapy between
both groups. No differences were observed
between both groups in relation to other
outcomes, including neonatal death, severe
intraventricular hemorrhage (grades 3-4), and
periventricular leukomalacia. These studies
concluded that placental transfusion with delayed
clamping improved blood pressure, reduced
blood transfusions, and decreased the risk of
intraventricular hemorrhage and necrotizing
enterocolitis.?'*

Both Cochrane reviews, from 2007 and 2012,
contributed greatly to broaden knowledge of the
effects of cord clamping timing in preterm infants.
Results pointed out the benefits of delayed
clamping, particularly in physiological placental
transfusion. None of the studies assessed in
published reviews found adverse events that
could be attributed to delayed clamping. This
is extremely important in the field of medicine,
where all practices should be proven to be safe
before being used and implemented.

The greatest challenge in the last years was to
know what happened with cord clamping timing
in extremely preterm infants. It was observed that
blood transfer after the first minute contributed to
an improved resuscitation in preterm infants with

a very low Apgar score at birth. These aspects
are important given that extremely preterm
infants have a higher morbidity and mortality in
their first year of life and frequently suffer from
neurodevelopmental sequelae, which persist in
the long term and may last for life.

The American College of Obstetricians
and Gynecologists (ACOG) has issued
recommendations on the timing of cord clamping.
The ACOG pointed out that delayed cord clamping
was associated with significant benefits in preterm
infants, improved transitional circulation, better
establishment of red blood cell volume, decreased
need for blood transfusion, and lower incidence
of necrotizing enterocolitis and intraventricular
hemorrhage. It suggested that clamping may be
performed 2-5 minutes after birth, and indicated
that blood transfer after the first minute may
contribute to an improved resuscitation in preterm
infants with low Apgar scores.?

Several aspects are present in preterm infants,
particularly hypothermia, which may have severe
consequences and, therefore, should be avoided
in extremely preterm infants. Hypothermia may
occur when waiting for delayed cord clamping
and during resuscitation. In order to prevent it, it
is critical to wrap the preterm infant in a plastic
bag immediately after birth without drying
them and place a fabric hat on their head. These
measures are effective to keep temperature within
normal ranges and offer an improved airway
access.

Breathing is weak in extremely preterm
infants, and it is necessary to apply bag-mask
positive pressure ventilation for an adequate
recovery. At certain times, endotracheal
intubation may be performed in the delivery
room, although this is uncommon. In addition,
delayed clamping increases placental transfusion
and helps arterial and venous umbilical blood
flow to produce greater lung expansion by
increasing pulmonary vasculature, which favors
neonatal recovery .2

Another study assessed the effect of delayed
clamping on breathing, through a transition at
birth in preterm infants < 29 weeks. There were
62 neonates in the delayed clamping group,
and 62, in the immediate clamping group.
When comparing them, in the early clamping
group, some infants were not able to breathe
spontaneously and required intubation (p = 0.01);
there was a higher frequency of chronic lung
disease (p = 0.02) and severe intraventricular
hemorrhage (p = 0.02).”



A study conducted in Australia found no
significant differences between early and delayed
clamping, except for mortality, which was
significantly higher among neonates with early
clamping.”® Another study assessed the clinical
consequences of delayed clamping in moderate
and late preterm infants. Its results indicated
that hematocrit levels at birth were significantly
higher in delayed clamping compared with
early clamping. In addition, fewer preterm
infants with delayed clamping were admitted
to the NICU compared with the early clamping
cohort (p = 0.04). The incidence of respiratory
distress syndrome was significantly lower in the
delayed clamping group compared with the early
clamping cohort (p = 0.002).%

Another study compared preterm infants with
delayed clamping and immediate clamping. Its
results showed a decrease in intraventricular
hemorrhage and an adequate axillary temperature,
which was significantly higher in preterm infants
with delayed clamping. There were no differences
in 1- and 5-minute Apgar scores, 24-hour bilirubin
levels, and hematocrit levels.®

Another study showed that delayed
clamping made it easier to detect red blood
cell alloimmunization, which resulted from
the immune hemolytic disease of the newborn,
responsible for neonatal anemia and jaundice.
Two groups were compared: one with early
clamping during the first period of the study
(January 2001-June 2009) and one with
delayed clamping (June 2009-December 2014).
The primary outcome was the need of blood
transfusion after birth. Hemoglobin at birth was
significantly higher in the delayed clamping
group (p = 0.0003), which did not have anemia
at birth (p = 0.004). Moreover, delayed cord
clamping showed a considerable improvement in
hemoglobin levels, reducing the risk for red blood
cell alloimmunization, with a better hemoglobin
rate and less need for transfusions.™

An appropriate systematic review and meta-
analysis detected 18 randomized controlled trials
and compared delayed and early cord clamping
in 2834 preterm infants. Delayed clamping
significantly reduced mortality, which was similar
in preterm infants born < 28 weeks of gestation.*

Another study assessed differences between
clamping within the first seconds and delayed
clamping. It was conducted at 8 tertiary maternity
units from the United Kingdom. A total of
276 preterm infants born before 32 weeks were
included. The study found superior evidence for
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clamping at 2 minutes, with improved outcomes.*

Another study identified data on the effects
of umbilical cord interventions among mothers
undergoing C-section. There were no significant
differences in mortality; however, severe
intraventricular hemorrhage was significantly
higher in the early cord clamping group. The
interaction analysis between gestational age
and treatment group was significant for severe
intraventricular hemorrhage (p = 0.003).>*

In asphyxiated newborn infants, it is critical
that placental transfusion leads to a quick
recovery, which could be observed in a study
in preterm and term neonates. Those with early
clamping suffered from heart conditions and had
very low oxygen saturation levels; they therefore
required more oxygen in the first 5 minutes of
life. Compared to that result, delayed clamping
demonstrated improvements in systemic and
brain perfusion, suggesting neuroprotective
benefits. There was also an improvement in
heart rate, blood pressure, cerebral oxygenation,
increased hemoglobin levels, and prediction of
anemia.”

There is another common condition in preterm
infants due to low iron stores, and this occurs
more frequently among those with immediate
cord clamping. However, increased iron levels
were associated with delayed clamping, and
iron stores increased with a greater placental
transfusion. Several studies published in recent
years have shown evidence of iron stores in
preterm infants.

One of them estimated the effect of placental
transfusion in 2 groups: early clamping
(10 seconds) versus delayed clamping (60 seconds)
in preterm infants of 30 to 33 weeks. According to
its results, median serum ferritin was significantly
higher in the placental transfusion group with
delayed clamping.®

Others detected the incidence of anemia
at 3 months of age, which was significantly
lower in the placental transfusion group with
delayed clamping, according to the results.
Another study, conducted in infants born after
elective C-section, found that those with delayed
clamping had higher iron stores at 4 months of
age compared with the early clamping group.®

Another research assessed the effects of cord
clamping on iron stores of infants born to anemic
mothers at 3 months of age. Neonates born to
mothers with hemoglobin levels < 100 g/L were
randomized at delivery to either immediate cord
clamping or delayed cord clamping. According
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to the outcome measures, hemoglobin and serum
ferritin levels at 3 months were significantly
higher in the delayed clamping group. In
addition, the odds for anemia (< 100 g/L) at
3 months were 7.7 times higher in the early
clamping group compared to the delayed
clamping group.”

In another study, the objective was to analyze,
in a high-risk population, the effects of delayed
cord clamping versus early cord clamping, and
hemoglobin and ferritin levels at 8 and 12 months
of age. According to its results in 540 infants,
those undergoing delayed clamping had higher
levels of hemoglobin, reducing the prevalence of
anemia at 8 and 12 months of age. This resulted
in major positive effects on infants’ health and
development.*’ Based on these interesting studies,
it is possible to conclude that physiologically low
iron stores in extremely preterm infants may be
compensated.

Several studies published in recent years
estimated the relation between umbilical cord
milking and usual delayed and early clamping.
The results of a study pointed out that umbilical
cord milking offered advantages with delayed
clamping.*t However, another study, with a
higher number of preterm infants, found no
statistically significant differences in outcomes
between the cord milking and delayed clamping
groups, in relation to placental transfusions,
necrotizing enterocolitis, and intraventricular
hemorrhage.*

A non-inferiority, randomized clinical trial
determined whether there was a difference in
the rates of death or severe intraventricular
hemorrhage among preterm infants who received
placental transfusion with umbilical cord milking
versus delayed umbilical cord clamping. Preterm
infants born at 23-31 weeks of gestation from 9
university medical centers in 4 countries were
recruited between June 2017 and September 2018.
The primary outcome was a composite of death or
severe intraventricular hemorrhage to determine
non-inferiority of umbilical cord milking. No
differences were observed in relation to mortality,
but severe intraventricular hemorrhage was
significantly more common with umbilical cord
milking compared to delayed clamping.*®

A systematic review and meta-analysis
was published in 2020, which addressed
extremely interesting aspects by increasing
placental transfusion as a transfer of blood from
the placenta to the newborn infant. A total of
19 studies were included (2014 preterm infants).

Five of them (n = 922) compared umbilical
cord milking with delayed clamping, and the
remaining 14 (n = 1092) compared umbilical cord
milking with immediate clamping. Umbilical
cord milking significantly increased the risk
for intraventricular hemorrhage compared to
delayed clamping. When compared to immediate
clamping, cord milking reduced the need for
red blood cell transfusions but did not result in
improved clinical outcomes. It was concluded that
cord milking could not be considered a placental
transfusion strategy in preterm neonates based on
the currently available evidence.*

Physiological aspects related to umbilical cord
clamping in preterm infants

The benefits of delayed clamping result from
physiological mechanisms; they are therefore
not considered a treatment, since this practice
respects natural aspects. Such benefits are the
product of allowing the neonate to receive the
blood volume that ought to have been in the child.
Placental transfusion is an inevitable physiological
consequence in the first minutes of life, during the
redistribution of blood between the placenta and
the neonate.®* Nature has determined that that
blood volume belonged to the newborn infant; so,
why deprive them of receiving it?

It is necessary to know that, when fetal distress
occurs in advanced stages of labor, less blood
is transferred to the fetus in the second stage
of labor, making it critical at birth to perform
delayed cord clamping and allow the neonate
to receive placental blood and recover. As
mentioned above, for many years, immediate
umbilical cord clamping was the standard of
care. Such completely inadequate and arbitrary
practice did not take into consideration that the
physiological rationale of cord clamping was
to wait enough time to allow the circulatory
transition from the placenta to the newborn
infant. In addition, it improved lung aeration and
increased pulmonary blood flow, placing them
back at the center of circulatory transition.

Some reviews pointed out the significant
benefits of hemodynamic actions with delayed
clamping, which was considered a physiological
protective effect. Several studies also found that the
timing of cord clamping was related to the moment
of the first breath, together with other mechanisms.

In 1999, through a UNICEF initiative, a study
was conducted in 31 maternity centers across
Argentina in order to establish the moment
when umbilical cord clamping occurred. The



exact timing of clamping was determined using
a stopwatch in 3738 births. The median clamping
timing was 35 seconds in the overall population.
Based on these data, several measures were taken
to promote delayed clamping in Argentina.

Another important topic related to physiology
is that of stem cells, which have multiple roles
and are involved in maturation aspects, anti-
inflammatory action in the central nervous
system, and the reduction of disorders or
diseases?” (Table 1). Moreover, since it was
known that umbilical cord blood contains
various hematopoietic stem cells, endothelial cell
precursors in the mesenchyme, and multipotent
lineage stem cells, the merit of delayed cord
clamping has been determined. An important
benefit of said delay is related to a higher
number of stem cells in the umbilical cord blood,
particularly in preterm infants born before 28
weeks.

It can be highlighted that, with the delay
of cord clamping, the importance of placental
transfusion in containing blood together with the
stem cells entering the neonate can be noted. This
allows for an extremely higher transfer of stem
cells, in particular when the delay ranges from 60
to 120 seconds after birth (Table 2).

TaBLE 1. Stem cell action in several neonatal disorders*

Confirmed benefits
* Respiratory distress syndrome
* Anemia of prematurity
e Intraventricular hemorrhage
* Sepsis
e Periventricular leukomalacia

Benefits not yet confirmed
e Chronic lung disease
* Apnea of prematurity
* Retinopathy of prematurity
* Necrotizing enterocolitis
e Patent ductus arteriosus

TABLE 2. Timing of umbilical cord clamping and stem cells*
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Not long ago, mankind’s first stem cell transfer
and nature’s first stem cell transplant were
observed, which were published in 2010.% This
was possible because, at birth, the placenta
and the umbilical cord started contracting and
pumping blood toward the newborn.

Those who still perform early clamping are
not aware of the physiology of transition at birth,
and end up curtailing stem cell transplant and
depriving infants of additional stem cells. The
actions of stem cells are extremely important: they
play a role in multiple risk situations and their
beneficial effects persist until older ages and even
in adulthood. In addition, the rationale behind
their physiological mechanisms is gaining more
and more attention as it leads to an increase in
the number of cells.

REFERENCES

1. Van Rheenen P, Brabin BJ. Late umbilical cord-clamping
as an intervention for reducing iron deficiency anaemia in
term infants in developing and industrialised countries: a
systematic review. Ann Trop Paediatr. 2004; 24 (1):3-16.

2. Philip AG, Saigal S. When Should We Clamp the Umbilical
Cord? Neo Reviews. 2004; 5(4):e142-54.

3. VanRheenen P, Gruschke S, Brabin BJ. Delayed umbilical
cord clamping for reducing anaemia in LBW infants
implications for developing countries. Ann Trop Paediatr.
2006; 26(3):157-67.

4. McDonald SJ, Middleton P. Effect of timing of umbilical
cord clamping of term infants on maternal and neonatal
outcomes. Cochrane Database Syst Rev. 2008; (2):CD004074.

5. Chaparro CM, Neufeld LM, Tena Alavez G, Eguia-Liz CR,
et al. Effect of timing of umbilical cord clamping on iron
status in Mexican infants: a randomised controlled trial.
Lancet. 2006; 367(9527):1997-2004.

6. Levy T, Blickstein I. Timing of cord clamping revisited. |
Perinat Med. 2006; 34(4):293-7.

7. Ceriani Cernadas JM, Carroli G, Pellegrini L, Otafio L,
et al. The effect of timing of cord clamping on neonatal
venous hematocrit values and clinical outcome at term: a
randomized, controlled trial. Pediatrics. 2006; 117(4):779-86.

8. Hutton EK, Hassan ES. Late vs Early Clamping of the
Umbilical Cord in Full-term Neonates Systematic Review
and Meta- analysis of Controlled Trials. JAMA. 2007;
297(11):1241-52.

9. VanRheenen P, De Moor L, Eschbach S, De Grooth H, et al.
Delayed cord clamping and haemoglobinlevelsininfancy:
arandomised controlled trial in term babies. Trop Med Int
Health. 2007; 12(5):603-16.

Clamping timing Blood volume Hematopoietic stem cells
(seconds) (mL) received by neonates
Early clamping 5 0 0
Delayed clamping 180 75-80 1100-45 000




€320 / Arch Argent Pediatr 2021;119(4):e315-e321 | Review

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Raju TN. Timing of umbilical cord clamping after birth for
optimizing placental transfusion. Curr Opin Pediatr. 2013;
25(2):180-7.

Andersson O, Hellstrom-Westas L, Andersson D, Domellof
M. Effect of delayed versus early umbilical cord clamping
on neonatal outcomes and iron status at 4 months: a
randomised controlled trial. BMJ. 2011; 343:d7157.
Mercer JS, McGrath MM, Hensman A, Silver H, et al.
Immediate and delayed cord clamping in infants born
between 24 and 32 weeks: a pilot randomized controlled
trial. ] Perinatol. 2003; 23(6):446-72.

Rabe H, Reynolds G, Diaz-Rossello]. Early versus delayed
umbilical cord clamping in preterm infants. Cochrane
Database Syst Rev. 2004; (4):CD003248.

Ceriani Cernadas JM, Durdn P. Commentary, Cochrane
review: early versus delayed umbilical cord clamping in
preterm infants. WHO Reproductive Health Library. 2006.
[Accessed on: October19™, 2016]. Available at: http://
apps.who.int/rhl/pregnancy_childbirth/childbirth/3rd_
stage/jccom/en.

Oh W, Fanaroff AA, Carlo WA, Donovan EF, et al. Effects
of delayed cord clamping in very-low-birth-weightinfants.
J Perinatol. 2011; 31(Suppl 1):568-71.

Kaempf JW, Tomlinson MW, Kaempf AJ, Wu Y, et al.
Delayed umbilical cord clamping in premature neonates.
Obstet Gynecol. 2012; 120(2 Pt 1):325-30.

Rabe H, Diaz-Rossell6 JL, Duley L, Dowswell T. Effect of
timing of umbilical cord clamping and other strategies to
influence placental transfusion at preterm birth on maternal
and infant outcomes. Cochrane Database Syst Rev. 2012;
(8):CD003248.

Elimian A, Goodman J, Escobedo M, Nightingale L, et al.
Immediate compared with delayed cord clamping in the
preterm neonate: a randomized controlled trial. Obstet
Gynecol. 2014; 124(6):1075-9.

Jelin AC, Zlatnik MG, Kuppermann M, Gregorich SE, et
al. Clamp late and maintain perfusion (CLAMP) policy:
delayed cord clamping in preterm infants. ] Matern Fetal
Neonatal Med. 2016; 29(11):1705-9.

Chiruvolu A, Tolia VN, Qin H, Stone GL, et al. Effect of
delayed cord clamping on very preterm infants. Am | Obstet
Gynecol. 2015; 213(5):676.e1-7.

SalaeR, Tanprasertkul C, Somprasit C, Bhamarapravatana
K, etal. Efficacy of delayed versusimmediate cord clamping
in late preterm newborns following normal labor: a
randomized control trial. ] Med Assoc Thai. 2016; (Suppl
4):5159-65.

LiuLY, Feinglass JM, Khan]Y, Gerber SE, et al. Evaluation
of introduction of a delayed cord clamping protocol for
premature neonates in a high-volume maternity center.
Obstet Gynecol. 2017; 129(5):835-43.

Dicky O, Ehlinger V, Guyard-Boileau B, Assouline C, et
al. Clampage tardif du cordon ombilical chez les enfants
prématurés nés avant 37 semaines d/laménorrhée: étude
observationnelle prospective. Arch Pediatr. 2017;24(2):118-
25.

Committee Opinion No. 684 Summary: Delayed Umbilical
Cord Clamping After Birth. Obstet Gynecol. 2017;129(1):232-
3

Boerel,Roest AA, Wallace E, Ten Harkel AD, etal. Umbilical
blood flow patterns directly after birth before delayed cord
clamping. Arch Dis Child Fetal Neonatal Ed.2015;100(2):F121-
5.

Mercer JS, Erickson-Owens DA, Vohr BR, Tucker RJ, et al.
Effects of placental transfusion on neonatal and 18 month
outcomesin preterminfants: arandomized controlled trial.
] Pediatr. 2016; 168:50-5.e1.

NevillE, Meyer MP. Effect of delayed cord clamping (DCC)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

onbreathing and transition atbirthin very preterminfants.
Early Hum Dev. 2015; 91(7):407-11.

Tarnow-Mordi W, Morris J, Kirby A, Robledo K, et al.
Australian Placental Transfusion Study Collaborative
Delayed versus immediate cord clamping in preterm
infants. N Engl | Med. 2017; 377(25):2445-55.

Chiruvolu A, Qin H, Nguyen ET, Inzer RW. The effect of
delayed cord clamping onmoderate and early late-preterm
infants. Am | Perinatol. 2018; 35(3):286-91.

Fenton C, McNinch NL, Bieda A, Dowling D, etal. Clinical
outcomes in preterm infants following institution of a
delayed umbilical cord clamping practice change. Adv
Neonatal Care. 2018; 18(3):223-31.

Garabedian C, Rakza T, Drumez E, Poleszczuk M, et
al. Benefits of delayed cord clamping in red blood cell
alloimmunization. Pediatrics. 2016; 137(3):e20153236.
Fogarty M, Osborn DA, Askie L, Seidler AL, et al. Delayed
vs early umbilical cord clamping for preterm infants: a
systematic review and meta-analysis. Am | Obstet Gynecol.
2018; 218(1):1-18.

Duley L, Dorling J, Pushpa-Rajah A, Oddie S, et al.
Randomised trial of cord clamping and initial stabilization
atvery pretermbirth. Arch Dis Child Fetal Neonatal Ed.2018;
103(1):F6-14.

Qian Y, Ying X, Wang P, Lu Z, et al. Early versus delayed
umbilical cord clamping on maternal and neonatal
outcomes. Arch Gynecol Obstet. 2019; 300(3):531-43.
Katheria AC, Rich WD, Bava S, Lakshminrusimha S.
Placental Transfusion for Asphyxiated Infants. Front Pediatr.
2019; 7:473.

Das B, Sundaram V, Kumar P, Mordi WT, et al. Effect of
placental transfusion on iron stores in moderately preterm
neonates of 30-33 weeks gestation. Indian | Pediatr. 2018;
85(3):172-8.

Chopra A, Thakur A, Garg P, Kler N, et al. Early versus
delayed cord clamping in small for gestational age infants
and iron stores at 3 months of age-a randomized controlled
trial. BMC Pediatr. 2018; 18(1):234.

Andersson O, Hellstrom-Westas L, Domellof M. Elective
caesarean: does delay in cord clamping for 30 s ensure
sufficientiron stores at4 months of age? A historical cohort
control study. BM] Open. 2016; 6(11):e012995.

Gupta R, Ramji S. Effect of delayed cord clamping on iron
stores in babies born to anemic mothers: a randomized
controlled trial. Indian Pediatr. 2002; 39(2):130-5.
KcA,RanaN, MalqgvistM, Jarawka RannebergL, etal. 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):264-70.

Katheria AC, Truong G, Cousins L, Oshiro B, etal. Umbilical
cord milking versus delayed cord clamping in preterm
infants. Pediatrics. 2015; 136(1):61-9.

Shirk SK, Manolis SA, Lambers DS, Smith KL. Delayed
clamping vs milking of umbilical cord in preterm infants:
a randomized controlled. Am | Obstet Gynecol. 2019;
220(5):482. e1-8.

Katheria A, Reister F, Essers ], Mendler M, et al. Association
of Umbilical Cord Milking vs Delayed Umbilical
Cord Clamping With Death or Severe Intraventricular
Hemorrhage Among Preterm Infants. JAMA. 2019;
322(19):1877-86.

Balasubramanian H, Ananthan A, Jain V, Rao S, et al.
Umbilical cord milking in preterm infants: a systematic
review and meta-analysis. Arch Dis Child Fetal Neonatal
Ed. 2020; 105(6):572-80.

Kluckow M, Hooper SB. Using physiology to guide time to
cord clamping. Semin Fetal Neonatal Med. 2015; 20(4):225-31.
Ceriani Cernadas JM. La transferencia de células madres



47.

al recién nacido mediante la trasfusién placentaria a través
del clampeo demorado del cordén umbilical. Arch Argent
Pediatr. 2016; 114(6):498-9.

Lawton C, Acosta S, Watson N, Gonzales-Portillo C, el
al. Enhancing endogenous stem cells in the newborn via

Umbilical cord clamping in preterm infants | €321

delayed umbilical cord clamping. Neural Regen Res. 2015;
10(9):1359-62.

48. Tolosa JN, Park DH, Eve DJ, Klasko SK, et al. Mankind’s
first natural stem cell transplant. | Cell Mol Med. 2010;
14(3):488-95.



