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Purpose of review

For over a decade, the International Liaison Committee on Resuscitation has recommended delayed cord
clamping (DCC), but implementation has been variable due to lack of consensus on details of technique
and concerns for risks in certain patient populations. This review summarizes recent literature on the
benefits and risks of DCC in term and preterm infants and examines alternative approaches such as
physiologic-based cord clamping or intact cord resuscitation (ICR) and umbilical cord milking (UCM).

Recent findings

DCC improves hemoglobin/hematocrit among term infants and may promote improved neurodevelopment.
In preterms, DCC improves survival compared to early cord clamping; however, UCM has been associated
with severe intraventricular hemorrhage in extremely preterm infants. Infants of COVID-19 positive mothers,
growth-restricted babies, multiples, and some infants with cardiopulmonary anomalies can also benefit from
DCC. Large randomized trials of ICR will clarify safety and benefits in nonvigorous neonates. These have
the potential to dramatically change the sequence of events during neonatal resuscitation.

Summary

Umbilical cord management has moved beyond simple time-based comparisons to nuances of technique
and application in vulnerable sub-populations. Ongoing research highlights the importance of an
individualized approach that recognizes the physiologic equilibrium when ventilation is established before
cord clamping.
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INTRODUCTION

For over a decade, the International Liaison Com-
mittee on Resuscitation (ILCOR) has recommended
delayed cord clamping (DCC) at birth [1]. Despite
this, utilization of DCC varies by region, hospital,
and patient scenarios [2]. A statewide California
quality improvement (QI) collaborative reported
inter-hospital variation in DCC from 0 to 74%
and only 29% of newborns overall receiving DCC
in 2016 [3]. A proliferation of clinical practice guide-
lines, which differ in their details and sometimes fail
to reflect the most recent evidence, may actually add
to uncertainty and reluctance to change existing
practice [4].

DCC has been most simplistically conceptual-
ized as a timing issue, but many variables impact
placental transfusion and cardiopulmonary stability
during the immediate transition, the two major
goals of DCC. Distribution of blood between the
fetus and placenta changes during gestation, and
equilibrium after birth may not be achieved as rap-
idly in preterm infants. The onset of ventilation
 2022 Wolters Kluwer H
exerts a strong influence on circulatory patterns
and the volume of placental transfusion, yet the
onset of breathing or ventilation in relationship
to cord clamping is seldom documented. Failure
to breathe may truncate time-based approaches;
cord milking may be complete before spontaneous
breathing begins, especially in preterms. As evi-
dence builds regarding the crucial role of cord man-
agement in safe transition, moving toward greater
nuance in understanding how physiological varia-
bles and technique influence the process will help
ealth, Inc. All rights reserved.
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KEY POINTS

� Despite accruing evidence for ILCOR’s recommendation
for DCC, there remains controversy over method and
application, and implementation has been variable.

� For term infants, there does not appear to be an
association with increased hyperbilirubinemia and
there may be neurodevelopmental benefit from the
increased iron load from placental transfusion.

� Evidence for survival benefit for preterm infants is
increasing and UCM may be mediating an observed
increased risk of severe IVH among extremely
preterm infants.

� Populations that have historically been excluded from
DCC, such as IUGR infants, infants born to COVID-
positive mothers, multiples, and those born with
cardiopulmonary anomalies have increasing evidence
for DCC safety and benefit.

� Future investigation in umbilical cord management,
particularly PBCC following ventilation, will be of
particular interest to potentially expand the benefits of
ICR to nonvigorous infants and has the potential to
change delivery room approach significantly.
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maximize benefits and minimize any potential
undesirable effects of DCC.

Recent large meta-analyses have reaffirmed the
major effects of DCC for term and preterm infants;
however, these same analyses call attention to the
variable approaches and multiple comparisons
among these techniques. Often inconclusive results
regarding important outcomes leave clinicians won-
dering what to do. Exploring the nuances that
inform management decisions and operationalizing
DCC on a case-by-case basis involve examining evi-
dence behind the benefit of DCC in term and pre-
term infants as well as the potential for undesirable
consequences (e.g. exaggerated hyperbilirubinemia)
or harm (e.g. intraventricular hemorrhage (IVH)).
Alternative approaches, including umbilical cord
milking (UCM) and physiologic-based cord clamp-
ing (PBCC) or intact-cord resuscitation (ICR),
address the issues of depressed newborns needing
resuscitation and preterm infants who need respira-
tory support. Additional considerations include
cord management practices amidst a global pan-
demic and special populations in whom delayed
clamping has been controversial, such as growth-
restricted infants, multiple gestations, and infants
with cardiopulmonary anomalies. Delivering an
individualized approach to cord management
requires investing effort in implementation at the
facility level and continued research to better define
technique and outcomes.
 Copyright © 2022 Wolters Kluwe
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BENEFITS OF DELAYED CLAMPING FOR
TERM AND NEAR-TERM INFANTS
For term and near-term infants, the immediate ben-
efits of DCC are subtle, and long-term benefits have
not yet been persuasively demonstrated; further-
more, data are still limited on cord management
for depressed infants. An updated Cochrane review
evaluating umbilical cord management included late
preterm as well as term infants in 46 studies with
comparisons among various methods [5

&

]. DCC or
UCM increased early hemoglobin and hematocrit
compared to early cord clamping (ECC) (<30 s); how-
ever, the effects were inconclusive for mortality,
maternal postpartum hemorrhage (PPH), or anemia
in infancy. Wide variability in the methods and
definitions of early and delayed clamping across
studies likely reduced any difference in observed out-
comes; in some studies, infants receiving up to 30 s
delay were included in early clamping, and those
receiving just over 30 s were analyzed in the delayed
clamping group. Methods to promote placental
transfusion may increase the use of phototherapy,
but notably no standard treatment threshold existed
and there was no increase in exchange transfusion.
The overall picture of relatively small increments in
hematologic values, a suggestion of more hyperbilir-
ubinemia, and inconclusive evidence for long-term
outcomes of importance leave some clinicians ques-
tioning the value of DCC in this group.

Evidence emerging on improved early physio-
logic stability and the true incidence of hyperbilir-
ubinemia helps interpret the short-term risk-benefit
equation of DCC in term and near-term infants.
Term infants realized improved physiologic stability
with DCC, including improved heart rate and SpO2

during the first five minutes after birth [6]. Among
healthy term infants, there was no association of
hyperbilirubinemia requiring phototherapy with
either DCC (2 min) or UCM in a randomized non-
inferiority trial [7]. A pre/post comparison after
implementation of DCC/UCM among late preterm
infants showed a similar incidence of hyperbiliru-
binemia requiring phototherapy, NICU admission,
and readmission for phototherapy [8]. Among
another vulnerable group, infants of diabetic moth-
ers, DCC resulted in comparable peak transcutane-
ous bilirubin and no difference in phototherapy or
polycythemia [9]. Assurance that DCC does not
result in increased need for treatment of jaundice
has special importance in settings where follow-up
and phototherapy availability may be limited.

The significance of higher hematocrit and
hemoglobin at birth with DCC is hypothesized to
lie in improved iron stores in the first months of life,
which are essential during a critical window of
neurodevelopment. Multiple studies now have
r Health, Inc. All rights reserved.
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reported increased hemoglobin, ferritin, and mean
corpuscular volume in infants between 2 and
12 months who received DCC compared to ECC;
many of these were conducted in low- and middle-
income countries where rates of iron deficiency are
high [10]. Oligodendrocytes, the cells responsible for
myelination in the developing brain, are known to be
sensitive to iron deprivation. Term infants receiving
DCC (5 min) vs. ECC showed increased myelin con-
tent in regions of the brain notable for motor func-
tion, visual and spatial skills, and sensory processing
at 4 and 12 months of age [11

&&

,12]. There was no
difference in developmental assessments between
the groups; however, higher Ages and Stages Ques-
tionnaires (ASQ) scores in the subdomains of com-
munication and personal-social skills have been
identified among 12-month-old term and near-term
infants who received DCC, despite no differences in
total ASQ scores [13]. The strength of neurodevelop-
mental studies has been limited due to challenges
including protocol violations, loss to follow-up, a
variety of assessment tools, and shifting outcomes
across age groups [14,15].
 Copyright © 2022 Wolters Kluwer H

FIGURE 1. Forest plot of DCC vs ECC demonstrating survival t
et al. [19&]. DCC, delayed cord clamping; ECC, early cord clam
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BENEFITS OF DELAYED CLAMPING FOR
PRETERM INFANTS
For preterm infants, there is evidence of improved
hemoglobin and hematocrit, reduction in the use of
inotropes and transfusion, and even improved sur-
vival with DCC, though the exact mechanisms
underlying this effect remain uncertain. Several
meta-analyses have now supported improved sur-
vival for preterm infants with DCC compared to
ECC, including an updated Cochrane review that
suggested a trend from no difference in survival to
slightly improved survival with longer delay (Fig. 1)
[16–18,19

&

]. These analyses report variable reduc-
tion of complications such as IVH, necrotizing
enterocolitis, and anemia of prematurity. Although
the exact mechanism of improved survival remains
unclear, both improved cardiopulmonary stability
in the immediate postnatal transition and improved
blood volume likely play a role. There may be
mechanical interactions of a replete blood volume
with endothelial cells that promote healthy organ
development as well as homeostatic benefits
[11

&&

,20]. Despite the potential for improved survival,
ealth, Inc. All rights reserved.
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the most immature infants are least likely to receive
this intervention [21].
FIGURE 2. Example of resuscitation team and equipment
locations during an ICR trial for (a) vaginal delivery and (b)
caesarean section. The referenced pole was mobile and
contained a T-piece resuscitator. Reprinted with permission
from Foglia et al. [69].
UMBILICAL CORD MILKING

UCM offers rapid intervention to accomplish pla-
cental transfusion; however, its usefulness in
depressed infants or those with compromised ute-
roplacental circulation remains uncertain and con-
cerning evidence exists relative to increased severe
IVH in extremely preterm infants. Two meta-anal-
yses of UCM compared to DCC have shown compa-
rable early hematological outcomes in term and
late-preterm vigorous neonates [22,23]. Most stud-
ies evaluating the use of UCM have not employed it
for situations in which DCC is currently contra-
indicated.

UCM is especially attractive at preterm birth to
quickly move the infant to receive respiratory sup-
port, but concern has grown that the rapid bolus of
blood and fluctuating cerebral blood flow may
mediate severe IVH among extremely preterm
infants. This is especially evident when UCM is
compared to DCC and was supported in two recent
meta-analyses, a randomized controlled trial (RCT),
and additional multicenter retrospective studies
[24,25,26

&

,27,28
&

]. This effect may have previously
been obscured in comparisons of UCM vs. ECC, also
a potential risk factor for IVH.

There has been no significant decrease in mor-
tality identified in comparisons of UCM vs. ECC
[18,29]. One meta-analysis comparing UCM to both
ECC and DCC in < 37-week preterm infants found
the additional risk of RDS with UCM [30]. These
analyses are complicated by variable times to onset
of breathing and different UCM strategies, resulting
in differential placental transfusion and stability of
cerebral perfusion. For extremely preterm infants,
DCC as compared to UCM consistently shows
improved mortality and a better safety profile in
regard to severe IVH. To avoid UCM risks in the
nonvigorous infant, studies of ICR are urgently
needed for this population.
PHYSIOLOGIC-BASED CORD CLAMPING
AND INTACT CORD RESUSCITATION

PBCC, with clamping after breathing and respira-
tory stability, and ICR, in which assisted ventilation
is provided with cord intact, have been shown to
facilitate smooth cardiopulmonary transition and
placental transfusion in feasibility trials (Fig. 2).
Clamping after the onset of respirations or the pro-
vision of respiratory support avoids reflex bradycar-
dia, compensatory tachycardia and swings in blood
pressure and flow. Physiologic endpoints emphasize
 Copyright © 2022 Wolters Kluwe
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equilibration and more complete transfer of respira-
tory function from the placenta to the lungs of
the infant.

Pilot trials of ICR, such as Baby-DUCC in non-
vigorous term and moderately preterm infants, have
demonstrated feasibility and safety [31]. Nepcord III
showed improved Apgar score and SpO2 at one, five,
and ten minutes of life among late preterm and term
infants who received ICR vs. ECC [32

&

]. Although
most infants require only ventilation to support a
successful transition, a small minority require chest
compressions. An ovine model showed return of
spontaneous circulation is possible with ICR and
suggested a benefit in reducing postasphyxial hyper-
tension with the low-pressure placental circuit
intact [33].

The hemodynamic implications of maintaining
cardiac preload via placental transfusion and rela-
tively low afterload on the low-pressure placental
circuit are very important to the preterm popula-
tion. Data from asphyxiated preterm lambs show
r Health, Inc. All rights reserved.
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improved ventilation and pulmonary blood flow
with ICR [34]. A large noninferiority trial random-
ized preterm infants to PBCC with clamping after
ventilatory support and establishment of spontane-
ous breathing with vital sign stability vs. the stan-
dard 30–60 s delay. Infants receiving PBCC showed
decreased time to clinical stability, but no other
significant differences for maternal or short-term
neonatal outcome [35

&&

].
PBCC also aids thermoregulation through con-

tinued perfusion with warm placental blood, as
evidenced in a lamb model [36]. Simultaneous
placement of plastic wrap during DCC is associated
with decreased time to initiate respiratory support
and longer maintenance of placental circulation,
demonstrating that it is feasible to begin additional
thermoregulation techniques whereas facilitating
placental transfusion [37]. The practice of PBCC
supports the triad of immediate delivery room
necessity: ventilation, placental transfusion, and
thermoregulation. This has an important clinical
implication, as hypothermia in the preterm infant
continues to be implicated as an independent risk
factor for increased mortality [38].

The neurodevelopmental outcome for preterm
infants at 2 years from the Cord Pilot Trial of ICR
(2 min) vs. ECC showed a decreased risk of death or
adverse neurologic outcome with ICR. This study is
of special import given the preterm population that
was studied, with a median gestational age of
29 weeks, and the inclusion of infants who required
immediate resuscitative efforts [39].

A survey of practice in the UK revealed a signifi-
cant portion of neonatal intensive care units plan-
ning to implement ICR for preterm infants, but cited
delays in education on the practice and supporting
equipment to be barriers [40]. To assist with ICR,
multiple resuscitation platforms have been devel-
oped and adapted to the limited physical space for
resuscitation [41–45]. Other solutions address cost-
effective methods suitable for low-resource settings
[46]. Novel monitoring devices, such as a dry elec-
trode electrocardiogram belt and a wireless cap heart
rate monitor, may provide reassurance regarding
clinical status during the process of ICR [47,48].
SPECIAL CONSIDERATIONS

Cord management and COVID-19

Early in the COVID-19 pandemic, uncertainty about
vertical transmission from mother to fetus/newborn
and lack of adequate protection for healthcare work-
ers attending deliveries led to some, though not
universal, calls for ECC [49–52]. As experience accu-
mulated, evidence suggested that perinatal
 Copyright © 2022 Wolters Kluwer H
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transmission occurred most often through respira-
tory spread, with no apparent contribution from
DCC [53]. Two prospective observational registry
studies demonstrated safety of DCC and immediate
skin-to-skin contact in SARS-CoV-2 positive moth-
ers [54,55]. Policy statements from the American
Academy of Pediatrics have evolved from initial
consideration of separation of a SARS-CoV-2-posi-
tive mother and infant to reaffirmation of DCC as
the standard of care [56]. Keeping mother and baby
together supports not only DCC but also other goals
of the immediate newborn period, including breast-
feeding and skin-to-skin care.
Intrauterine growth restriction

Growth restriction is often questioned as a reason
for exclusion from DCC because of concerns around
polycythemia in the fetus, placental function at deliv-
ery, and hemodynamics of placental transfusion with
abnormal umbilical artery flow [2,57]. A randomized
trialofDCCvs.ECCinvigorousgrowth-restrictedneo-
nates �28weeks gestation demonstrated improved
SVC flow, comparable phototherapy durations, and
no change in the incidence of polycythemia [58

&

].
Among <34-week vigorous newborns with placental
insufficiency documented by abnormal Doppler indi-
ces, greater than 60 s of DCC was associated with
increased stem cell transfusion, lower need for red cell
transfusion, and decreased anemia at 2months in
another RCT [59

&

]. Further corroborating these find-
ings, a large retrospective cohort study of infants
< 33 weeks gestation from the Canadian Neonatal
Network separated those who had received <30 or
� 30s of delay and identified a significant improve-
ment in mortality and preterm morbidities in the
delayed clamping group without a difference between
the groups in peak bilirubin level [60

&

]. DCC appears
safe for growth-restricted neonates, but merits collab-
oration and planning for umbilical cord management
with obstetric colleagues and careful monitoring of
the baby at delivery.
Multiple gestations

Twins and higher-order multiples are often excluded
from delayed clamping, but the prevalence of pre-
maturity and potential benefit of DCC have brought
attention to this population [2]. The study of cord
management in multiples is complicated by the
effect of birth order, inter-twin vascular connections
in monochorionic twins, and concern for acute
maternal hemorrhage. A large retrospective cohort
of twins demonstrated a significant difference in
initial hemoglobin between both mono- and
dichorionic twin pairs born by vaginal delivery, with
ealth, Inc. All rights reserved.
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twin B having higher hemoglobin. There was no
evidence for acute intertwin hemorrhage, and the
observed difference was ascribed to differential
clamping times [61]. A retrospective observational
study showed that multiples less than 33 weeks
gestation of mono/di/and tri chorionicity receiving
DCC had similar outcomes to singletons receiving
DCC [62]. In an RCT of preterm multiples between
28–36 weeks gestation, there was no difference in
admission hematocrit between early and delayed
clamping groups, but more frequent PPH in the
DCC group, which contradicts other studies [63–
65]. In a retrospective registry study from the
National Institute of Child Health and Human
Development Neonatal Research Network, 19% of
the cohort < 29 weeks were twins; those who
received placental transfusion had lower odds of
mortality [66]. Another large database study from
the Canadian Neonatal/Preterm Birth Network did
not uncover significant differences in death and/or
severe neurologic injury between twins who under-
went DCC vs. ECC, though DCC was associated with
decreased transfusions and length of stay [67].
Strong evidence has not surfaced to avoid DCC in
multiples, and given the risks of prematurity and the
evidence for decreased mortality, DCC should be
considered in this population.
Cardiopulmonary abnormalities and extreme
immaturity

Other populations at risk for immediate respiratory
insufficiency at birth, including those with congeni-
tal diaphragmatic hernia, hydrops fetalis, and
extreme prematurity, may benefit from prolonged
use of the placental circuit. ICR has been performed
in infants with pleural effusion secondary to hydrops
[68]. Additionally, ICR has been investigated in a
feasibility trial among infants with isolated congeni-
tal diaphragmatic hernia [69]. A multicenter RCT is
currently enrolling to evaluate for efficacy of cardio-
respiratory adaptation between ICR and ECC in this
population [70]. Another growing population of
interest is neonates under 24 weeks gestation, who
were determined in a retrospective study to have
significantly decreased early mortality when pro-
vided with placental transfusion [66]. ICR may act
as a biologic safety net that supports safe transition in
a growing list of clinical situations that were previ-
ously regarded as exclusions.
OVERCOMING CHALLENGES TO
IMPLEMENTATION

Effecting change in behavior to provide DCC
requires deliberate strategies for implementation,
 Copyright © 2022 Wolters Kluwe
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especially when the practice does not have per-
ceived benefit to practitioners or health systems
in terms of time or money. QI strategies have proven
to be especially useful to promote implementation,
as this approach incorporates evidence review,
addresses concerns of obstetrical and pediatric clini-
cians, formulates an agreed-upon management
plan, and monitors outcomes of interest. Recent
examples include the implementation of a delivery
room QI bundle including DCC, which was associ-
ated with reduced rates of mechanical ventilation
during NICU admission of infants <32 weeks [71].
Using simulation to introduce mobile resuscitation
equipment in the delivery room essentially elimi-
nated ECC in term and near-term vaginal deliveries
at another site [72]. QI initiatives have also been
helpful in resource-constrained settings to increase
rates of DCC [73].

The release of the Neonatal Resuscitation Pro-
gram 8th edition (NRP 8) with revision of the prede-
livery questions to include a multidisciplinary
prebrief on umbilical cord management provides
an opportunity for medical teams to discuss and
plan for this important decision at each birth [74].
NRP 8 advises against UCM in<28-week infants, but
now notes, ‘if the placental circulation is intact, it
may be reasonable to briefly delay cord clamping,’
which allows for the initial steps of drying, stimula-
tion to breathe, and clearing the airway to take place
with an intact cord [74]. Stimulation of noncrying
infants with cord intact decreased the use of bag-
and-mask ventilation to 18% as compared to 32%
among noncrying infants whose cords were
clamped immediately [75]. Such an approach pro-
vides an interim solution whereas awaiting the
results of large trials of ICR in depressed newborns.
CONCLUSION AND DIRECTIONS FOR
FUTURE RESEARCH

Future inquiry into umbilical cord management is
now at an inflection point. It has moved beyond
comparisons with early clamping to examine meth-
ods that address the individual needs of specific
populations of infants to optimize beneficial effects.
In future studies, it will be critical to standardize
interventions, document when an infant is success-
fully ventilated in relation to umbilical cord clamp-
ing and aim to collect a core set of standardized
outcome measures in order to interpret these
nuanced comparisons. Innovative functional phys-
iologic methods to monitor neurodevelopment and
continued studies of long-term neurodevelopmen-
tal outcomes could strengthen the rationale for
delayed clamping. The results of ongoing large RCTs
of PBCC (ABC trial, VentFirst, Baby-DUCC) will be of
r Health, Inc. All rights reserved.
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particular interest for those infants who may benefit
from ICR. Whatever direction these studies and
others guide the science of resuscitation, it will take
collaborative efforts from teams caring for baby and
mother to individualize cord management and
ensure that our first act of caring for our most
vulnerable maximizes benefit and indeed does
no harm.
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