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Management of Placental Transfusion to
Neonates After Delivery

Ryan M. McAdams, MD, and Satyan Lakshminrusimha, MD, FAAP

This review summarizes high-quality evidence supporting delayed umbilical cord clamping to
promote placental transfusion to preterm and term neonates. In preterm neonates, delayed
cord clamping may decrease mortality and the need for blood transfusions. Although robust
data are lacking to guide cord management strategies in many clinical scenarios, emerging
literature is reviewed on numerous topics including delivery mode, twin gestations, maternal
comorbidities (eg, gestational diabetes, red blood cell alloimmunization, human immunodefi-
ciency virus [HIV] infection, and severe acute respiratory syndrome coronavirus 2 [SARS-CoV-2]
infection) and neonatal complications (eg, fetal growth restriction, congenital heart disease, and
the depressed neonate). Umbilical cord milking is an alternate method of rapid placental
transfusion, but has been associated with severe intraventricular hemorrhage in extremely
preterm neonates. Data on long-term outcomes are discussed, as well as potential contrain-
dications to delayed cord clamping. Overall, delayed cord clamping offers potential benefits to
the estimated 140 million neonates born globally every year, emphasizing the importance of this
simple and no-cost strategy.
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Obstetric practitioners determine when to clamp
and cut the umbilical cord after the neonate’s

birth. The risks and benefits of various umbilical cord
management strategies affect the estimated 140 mil-
lion neonates born worldwide every year.1 Preterm
neonates (less than 37 weeks of gestation) are at
increased risk for morbidity and mortality.2 In pre-
term neonates, delayed cord clamping may decrease
mortality and the need for blood transfusions. Glob-
ally, an estimated 14.84 million neonates were born
prematurely in 20143; performing delayed cord

clamping could potentially reduce hospital mortality,
resulting in 148,400–742,000 additional annual survi-
vors.4 Importantly, delayed cord clamping is a simple
and no-cost intervention.

Worldwide, numerous governing bodies recom-
mend delayed cord clamping in preterm and term
newborns (Fig. 1).5–10 Since publication of the Amer-
ican College of Obstetricians and Gynecologists’
Committee Opinion in 201211 and the updated Com-
mittee Opinion in 2020,6 delayed cord clamping is
recommended for at least 30–60 seconds in preterm
and term neonates, except when early cord clamping
is necessary because of neonatal or maternal indica-
tions.6 The following sections address methods of
umbilical cord management, physiologic factors influ-
encing placental transfusion volume, short-term and
long-term outcomes in term and preterm neonates.

UMBILICAL CORD
MANAGEMENT STRATEGIES

Three umbilical cord management strategies are
commonly used—early cord clamping (or immediate
cord clamping), delayed cord clamping (or deferred
cord clamping) and umbilical cord milking.12

Although synonymous, this review will use “early

From the Department of Pediatrics, University of Wisconsin School of Medicine
and Public Health, Madison, Wisconsin; and the Department of Pediatrics, UC
Davis Children’s Hospital, UC Davis Health, Sacramento, California.

Satyan Lakshminrusimha is supported by NIH grant 5R01HD072929-11.

Each author has confirmed compliance with the journal’s requirements for
authorship.

Corresponding author: Ryan M. McAdams, MD, Department of Pediatrics,
Neonatology Division Chief, University of Wisconsin School of Medicine and
Public Health, Madison, WI; email: mcadams@pediatrics.wisc.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2021 by the American College of Obstetricians and Gynecologists. Published
by Wolters Kluwer Health, Inc. All rights reserved.
ISSN: 0029-7844/22

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

VOL. 139, NO. 1, JANUARY 2022 OBSTETRICS & GYNECOLOGY 121

mailto:mcadams@pediatrics.wisc.edu


cord clamping” in place of “immediate cord clamp-
ing” because “immediate” implies that the cord was
clamped the instant after delivery, instead of before a
specific duration of time has passed after delivery (eg,
30 seconds), which is often the case. With early cord
clamping, umbilical arterial blood flow stays in the
neonate, and oxygenated umbilical venous blood
stays in the placenta.

The practice of early cord clamping, which is not
based on evidence or physiology, is no longer a part
of the active management of the third stage of labor
unless there is a perceived need for urgent resuscita-
tion.13 In preterm neonates not requiring resuscita-
tion, early cord clamping is associated with an
increased risk for adverse outcomes and resources,
as demonstrated in the Canadian Neonatal Network
retrospective review of preterm neonates delivered at
less than 33 weeks of gestation, which included 4,916
neonates who received early cord clamping and 4,419
who received delayed cord clamping.14 Compared
with delayed cord clamping, early cord clamping

was associated with an increased risk for death
(adjusted odds ratio [aOR] 1.6; 95% CI 1.22–2.1),
intraventricular hemorrhage (aOR 1.29; 95% CI
1.19–1.41), blood transfusion (aOR 1.68; 95% CI
1.35–2.09), surfactant use (aOR 1.40; 95% CI 1.26–
1.57), inotropic support in the first 48 hours (aOR
2.07; 95% CI 1.58–2.70), late-onset sepsis (aOR
1.33; 95% CI 1.20–1.48), and patent ductus arteriosus
(aOR 1.14; 95% CI 1.01–1.27). Similarly, a Eunice
Kennedy Shriver National Institute of Child Health
and Human Development Neonatal Research Net-
work study demonstrated lower mortality by 36 weeks
of postmenstrual age and decreased treatment for
hypotension in the first 24 hours after birth in 3,116
preterm neonates delivered at less than 29 weeks of
gestation after exposure to delayed cord clamping or
umbilical cord milking compared with early cord
clamping.15 The preterm neonates in this study under-
going umbilical cord milking were sicker with higher
need for positive pressure ventilation, intubation, sur-
factant, and chest compressions. However, even after

Fig. 1. Delayed umbilical cord clamping recommendations by various organizations. The vertical axis shows duration of
delay between birth and umbilical cord clamping. The recommendations for vigorous and nonvigorous neonates (preterm
and term) are aligned under the respective legends. There is significant variability in these recommendations. ILCOR,
International Liaison Committee on Resuscitation; UCM, umbilical cord milking; GA, gestational age; ACNM, American
College of Nurse Midwives; NICE, National Institute for Health and Care Excellence; RCOG, Royal College of Obstetricians
and Gynaecologists; ERC, European Resuscitation Council Guidelines; WHO, World Health Organization; PPV, positive
pressure ventilation; SOGC, Society of Obstetricians and Gynaecologists of Canada; ACOG, American College of Obste-
tricians and Gynecologists; AAP, American Academy of Pediatrics; NRP, neonatal resuscitation program; AHA, American
Heart Association.
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adjustment for some of these factors, umbilical cord
milking was associated with a higher risk of severe
intraventricular hemorrhage (19.8 vs 11.8%) com-
pared with delayed cord clamping.16

Umbilical cord milking involves manual expres-
sion of umbilical cord blood by milking blood 3–4
times down a 20–30 cm umbilical cord segment at a
rate of ;10 cm/second. Umbilical cord milking can
be performed through a cut or intact umbilical cord.17

Katheria et al18 compared umbilical cord milking with
delayed cord clamping in a randomized trial of pre-
term neonates delivered at less than 32 weeks of ges-
tation. The primary composite outcome of the trial
was death or severe intraventricular hemorrhage.
The trial was stopped early by the data safety moni-
toring board due to concerns about severe intraven-
tricular hemorrhage in the milking group. The
incidence of the primary outcome was similar overall
(12% in the umbilical cord milking group and 8% in
the delayed cord clamping group, P5.16). However,
umbilical cord milking was associated with severe
intraventricular hemorrhage in extremely preterm
neonates (23–27 weeks of gestation). In addition,
death or severe intraventricular hemorrhage was
more common (21%) with umbilical cord milking
compared with delayed cord clamping (8%) among
preterm neonates delivered by the vaginal route. An
exploratory post hoc analysis showed that the pres-
ence of maternal chorioamnionitis significantly mod-
ified the association between umbilical cord milking
and severe intraventricular hemorrhage.

We speculate that in the presence of uterine
contractions, vaginal delivery and cord milking sig-
nificantly increase aortic pressure. In the absence of
spontaneous breathing effort, pulmonary vascular
resistance remains high with a bidirectional or right-
to-left ductal shunt preventing a surge in pulmonary
blood flow with milking. Hence, the increase in aortic
pressure, without a pulmonary pop-off can potentially
cause fluctuations in cerebral blood flow. Similar
fluctuations in cerebral blood flow have been
described in preterm lamb models.19 Associated cho-
rioamnionitis could also contribute to fragility of ger-
minal matrix vessels increasing the risk of
intraventricular hemorrhage with fluctuating cerebral
blood flow (Fig. 2). After publication of this article by
Katheria et al, some organizations have recommen-
ded against umbilical cord milking in preterm neo-
nates delivered at less than 28–29 weeks of gestation
(Fig. 1).

Most recommendations regarding delayed cord
clamping are time-based and range from 30 seconds
to a few minutes. Compared with umbilical cord

milking, a physiologic delayed cord clamping
approach highlights the importance of establishing
lung ventilation when placental circulation is still
intact to promote left ventricular preload, which
should optimize postnatal left ventricle function and
promote an optimal hemodynamic transition at
birth.20 Based on established recommendations and
available data, this article will focus on delayed cord
clamping because most organizations endorse this pla-
cental transfusion method.6–8,21–25

PLACENTAL TRANSFUSION VOLUME

After birth, umbilical cord blood flow typically
persists for a few minutes, with net-flow from the
placenta to the neonate, resulting in a time-dependent
decrease in placental blood volume. The net blood
volume transferred to the neonate after birth before
clamping the umbilical cord is referred to as the
placental transfusion volume; this volume contributes
to neonatal hemodynamic stability and red cell
volume. The net placental blood volume transferred
to the newborn during delayed cord clamping may be
influenced by numerous factors beyond timing of
umbilical cord clamping, including delivery mode,
the presence and strength of uterine contractions, the
position of the newborn, and the presence and timing
of sustained spontaneous breathing (Fig. 3).

In term newborns, postnatal placental transfusion
provides an additional 80–100 mL of blood, repre-
senting between one third and one quarter of the neo-
natal blood volume.26,27 In a study by Yao et al28 of
301 healthy term neonates delivered vaginally, de-
layed cord clamping transferred ;55% of the neo-
nate’s total blood volume; this transfer was in a
stepwise manner with up to 30% of the blood volume
transferred within 10–15 seconds, followed by a short
period of no gain in neonatal blood volume, and then
transfer of the remaining blood volume by 3 minutes.

In preterm newborns, postnatal placental trans-
fusion also increases neonatal blood volumes. In a
small study of vaginally delivered preterm newborns,
delayed cord clamping for 60–90 seconds resulted in a
significantly increased mean blood volume
(80.5611.2 mL/kg; n59) compared with early cord
clamping (61.365.4 mL/kg; n511).29

Duration of Delayed Umbilical
Cord Clamping

Most studies in preterm neonates include duration of
delayed cord clamping ranging from 30 to 60 seconds
and 60 seconds or more in term neonates. Although
current delayed cord clamping recommendations are
time-based, insufficient evidence exists in preterm and
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term neonates to determine the optimal time to clamp
the umbilical cord. Future trials comparing different
lengths of delay before umbilical cord clamping in
different gestational age groups may inform more
precise recommendations. The concept of “physiolog-
ical” cord clamping refers to determination of the
duration of placental transfusion based on establish-
ment of lung ventilation.30

Position of the Neonate During Delayed
Umbilical Cord Clamping After
Vaginal Delivery

In preterm vaginal deliveries, data are lacking on the
feasibility and safety of placement of the neonate on
the maternal abdomen or chest during delayed cord
clamping, especially with extremely preterm neonates
who have shorter umbilical cord lengths and often
require resuscitation. In term vaginal deliveries, to
promote bonding by skin-to-skin contact after birth,
neonates can be placed at the mother’s anterior thighs,

abdomen, or chest while the cord is intact because this
appears safe and does not hinder placental transfusion
based on weight gain or hematocrit at 24 hours after
birth.31,32 In general, after spontaneous vaginal deliv-
ery, uterine contractions generate an adequate pres-
sure gradient (Fig. 3) to facilitate placental transfusion
irrespective of the neonate’s position.

Umbilical Cord Management After
Cesarean Delivery

Compared with research on neonates delivered vag-
inally, fewer studies have investigated outcomes after
delayed cord clamping performed at the time of
cesarean delivery. Debate exists on whether
placental-to-neonatal transfusion results in net
increases in neonatal blood volumes with delayed
cord clamping at the time of cesarean delivery. In
elective cesarean deliveries, the absence of uterine
contractions preceding delivery may influence the
effectiveness of placental-to-neonatal transfusion.

Fig. 2. Speculative pathogenesis of umbilical cord milking associated severe intraventricular hemorrhage (sIVH) in
extremely preterm neonates. After vaginal delivery, uterine contractions propel blood toward the neonate. Umbilical cord
milking will enhance umbilical venous return to the right atrium. Because most of the extremely preterm neonates do not
have established lung ventilation soon after birth, pulmonary vascular resistance (PVR) and right ventricular pressure remain
high, diverting most of umbilical venous return to the left ventricle (LV), thereby increasing LV preload and increasing LV
output to the ascending aorta. Milking and uterine contractions increase resistance in the descending aorta. High PVR leads
to right-to-left shunt at the patent ductus arteriosus (PDA) level. Fluctuant increase in ascending aorta flow is mostly directed
to the cerebral circulation due to high PVR and resistance in descending aorta. Chorioamnionitis and inflammatory
mediators along with extreme prematurity contribute to fragility of germinal matrix vasculature precipitating sIVH. PA,
pulmonary artery. Courtesy of Satyan Lakshminrusimha. Used with permission.
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With preterm, twin (or higher-order multifetal gesta-
tions), or emergency cesarean deliveries, the effects of
delayed cord clamping on maternal and neonatal
outcomes remains understudied. Table 1 illustrates a
summary of neonatal outcomes associated with de-
layed cord clamping performed at the time of cesar-
ean delivery.29,33–37

NEONATAL OUTCOMES

Many studies have evaluated the effects of placental
transfusion strategies, with most focused on short-term
outcomes in preterm and term neonates.6 The main find-
ings from recent robust systematic reviews and meta-
analyses will be discussed to provide further insight into
potential risks and benefits of delayed cord clamping
compared with early cord clamping in preterm and term
neonates. Because strategies may affect preterm neonates
differently based on their level of prematurity, consider-
ation of gestational age at delivery is recommended.

Six systematic reviews and meta-analyses published
between 2018 and 2021 that evaluated delayed cord
clamping in neonates are reviewed in Table 2.4,38–42

Mortality

Overall, compared with early cord clamping, delayed
cord clamping appears to be associated with reduced

in-hospital mortality in preterm neonates (Table 2). In
late preterm or term neonates, compared with early
cord clamping, delayed umbilical cord clamping (30
seconds or more) is not associated with a reduction in
mortality.4,38–40 Stating that the relative risk depends
on an event’s incidence and the incidence of survival
is higher than mortality, the ILCOR (International
Liaison Committee on Resuscitation) review by Seid-
ler et al42 assessed survival, the inverse of mortality.
The benefit of delayed cord clamping regarding
enhanced survival was suggested, but not compelling
(RR 1.02, 95% CI 1.00–1.04).

How delayed cord clamping helps decrease mor-
tality in premature neonates is yet to be determined.
Mercer et al43 proposed that the enhanced blood vol-
ume provided by placental transfusion strategies, such as
delayed cord clamping, may promote increased vascular
perfusion of the neonate, which triggers mechanical
stimuli-induced electrochemical activity, facilitating
organ-specific endothelial cell signaling, essential for
normal growth, maintenance, and repair; this enhanced
blood volume may also increase progesterone levels and
pulmonary artery pressure, which supports neonatal
adaptation after birth. Early cord clamping prevents
these potential benefits of enhanced vascular perfusion.

Fig. 3. Factors determining placental transfusion and benefits and risks of delayed cord clamping (DCC). Uterine con-
tractions, mode of delivery, time from birth to cord clamp, and possibly gravity and the neonate’s spontaneous respirations
may influence the volume of placental transfusion. Benefits of DCC are shown on the right side of the diagram. Hct,
hematocrit; SpO2, oxygen saturation by pulse oximetry; PVR, pulmonary vascular resistance; PDA, patent ductus arteriosus;
IVH, intraventricular hemorrhage. Courtesy of Satyan Lakshminrusimha. Used with permission.
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Hematologic Parameters and Red Blood
Cell Transfusions

Hematologic parameters (hemoglobin or hematocrit—
peak values at 24 hours or 7 days) are higher with
delayed cord clamping in most studies and delayed
cord clamping is associated with a decreased need
for packed red cell transfusions (Table 2).4,39–42

Most extremely low birth weight (less than 1,000 g)
preterm neonates become anemic and receive at least
one blood transfusion during their neonatal intensive
care unit (NICU) hospitalization,44 with frequent

phlebotomies done for testing and monitoring pur-
poses playing a major role in overall blood losses.
Extremely preterm neonates have been reported to
lose 58% of their endogenous blood volume
(median 40.4 mL/kg, interquartile range 23.9–53.3
mL/kg) related to blood losses in the first 2 weeks of
life.45 Transfusion exposure has been associated
with increased risk for morbidity and mortality in
premature neonates.44,46,47 Because delayed cord
clamping reduces the need for blood transfusions,
this is a safe approach to increase starting blood

Table 1. Neonatal Outcomes Associated With Delayed Umbilical Cord Clamping at the Time of Cesarean
Delivery

Author, Study Type, Setting
Gestational
Age (wk)

Management
or

Intervention Outcome Measures Results

Aladangady et al29

RCT
The Queen Mother’s Hospital,
Glasgow, United Kingdom

24 0/7–32 6/
7

ECC (n512)
DCC 30–90
s (n514)

Blood volume
RBC volume (biotin
labeling method
and with fetal
hemoglobin
dilution)

Blood volume greater with DCC (70.4
610.2) than ECC group (64.0 69.1
mL/kg)*
P,.1; 95% CI 21.5 to 14.2
No difference in Hct levels
measured 1 h after birth

Cavallin et al33

RCT
Padua Teaching Hospital, Italy

39 or more ECC within 10
s (n540)
DCC more
than 60 s
(n540)

Hct (%) at day 2 Hct greater with DCC (5466) than
with ECC (48%65%),
MD 6, 95% CI 3–8; P,.001

De Bernardo et al34

RCT
Department of Mother and
Child’s Health Poliambulanza
Foundation, Brescia, Italy

37 or more ECC (n566)
DCC 60 s
(n566)

Preductal SpO2 after
delivery
Hct at 72 h

No differences in oxygen saturation,
heart rate, or temperature
Hct greater with DCC
P5.001

Purisch et al35

RCT
1 academic hospital and 1
community hospital within a
single university-based medical
center in New York City

37 or more ECC (n556)
within 15 s
after birth
DCC (n557)
60 s after
birth

Neonatal hemoglobin
level at 24–72 h
after birth
(secondary
outcome)

Hemoglobin level higher with DCC
(mean 18.1 g/dL; 95% CI 17.4–
18.8) vs immediate (16.4 g/dL; 95%
CI 15.9–17.0) cord clamping (MD
1.67 g/dL; 95% CI 0.75–2.59;
P,.001)

Jenusaitus et al37

Retrospective cohort study
Tertiary care hospital,
Connecticut

37 or more ECC (n5416)
DCC more
than 60 s
(n5317)

Apgar scores at 1 and
5 min

Apgar scores slightly lower in the
DCC group at 1 min (median [IQR]
8.0 [8.0–9.0] vs 9.0 [8.0–9.0],
P5.035), but were similar at 5 min

Consonni et al36

Retrospective cohort study
2 hospitals, Italy

37 or more ECC (median
20 s, IQR
20–40;
n553)
UCM
(median 40
s, IQR 30–
60; n533)
DCC (60 s;
n5137)

Primary outcome was
neonatal Hct at 48 h

Elective CD: UCM led to higher
neonatal Hct (mean6SD; 61.5%
65.5) vs ECC (55.1% 65.5) and
DCC (56.4% 65.7, P5.001)
CD with labor: no significant
differences among the placental
transfusion strategies

RCT, randomized controlled trial; DCC, delayed cord clamping; ECC, early cord clamping; RBC, red blood cell; Hct; hematocrit; MD, mean
difference; IQR, interquartile range; UCM, umbilical cord milking; CD, cesarean delivery.

Data are mean6SD.
* Reanalysis excluding three neonates assigned randomly to delayed umbilical cord clamping but who received immediate clamping

demonstrated that neonates who had delayed umbilical cord clamping had significantly increased blood volumes (72.8 vs 63.6 mL/kg
95% CI 2.0–16.4, P5.01).
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Table 2. A Review of Recent Systematic Reviews and Meta-analyses Evaluating Delayed Cord Clamping
Compared With Early Cord Clamping in Neonates

Study—1st Author

Fogarty4
Rabe39

(Cochrane) Jasani40 Persad41 Seidler42 (ILCOR)
Gomersall38

(ILCOR)

No. of included
studies

18 25 31 19 23 33

Gestational age
(wk)

Less than 37 Less than 37 Less than 37 Less than 32 Less than 34 34 or more

Total N 2,834 3,100 3,823 3,010 3,514 5,263
Mortality—hospital
or neonatal death
before discharge

Y
n52,834, RR
0.68 (95% CI
0.52–0.90)
28 wk or less
n5996, RR
0.70 (95% CI
0.51–0.95; P
5.02)

Y
n52,680,
aRR 0.73
(95% CI
0.54–0.98)

Y
n53,083,
OR 0.64
(95% CI
0.39–0.99)

Uncertain
n5595, RR
0.51 (95%
CI 0.26–
1.00)

Uncertain
n52,988, RR 1.02
(95% CI 0.993–
1.04)
number needed to
benefit: 50, 95%
CI 25 to no
benefit

Uncertain
n5537, RR
2.54
(95% CI 0.50–
12.74)

Hb (g/dL) or Hct
(%)

[Peak Hct
n51,587, MD
2.73 (95% CI
1.94–3.52;
P,.001)

Hb at 24 h – no
change
n542, MD
0.8 (95% CI
20.02 to
1.62)

[ Hb from 1
d to 7 d after
birth
n5921, MD
2.39 (95%
CI 2.17–
2.61)

[ Hct within 24 h
n51,100, MD
2.63 (95% CI
1.85–3.42)
Within 7 d after
birth n51,550,
MD 2.7 (95% CI
1.88–3.52)

Hb at 24 h—no
change
n51,352, MD
1.17 (95% CI
0.48–1.86)
7 d after birth
n5695, MD
1.11 (95% CI
0.40–1.82)
No difference
in anemia 4–6
mo of life
n5937, RR
1.01 (95% CI
0.75–1.37)

PRBC transfusions Y
n52,595, RR
0.81 (95% CI
0.74–0.87)

Y
n52,280, RR
0.66 (95% CI
0.5–0.86)

Y
n52,904, RR
0.48 (95% CI
0.32–0.66)

Y
n5769, RR
0.82 (95%
CI 0.69–
0.98)

Y
n52,910, RR 0.83
(95% CI 0.77–
0.90)
Total # blood
transfusions
during hospital
course n5242,
MD 20.63 (95%
CI 21.08 to
20.17)

Polycythemia (Hct
greater than
65%)

[
n52,529, RR
2.65 (95% CI
1.61–4.37)*

Hemodynamics, BP
(mm Hg)

[ Mean BP
n5208, MD
2.87 (95% CI
1.09–4.64)

[Mean BP during
first 12 h MD 1.79
(95% CI 0.53–
3.05)
Y Inotropic
support first 24 h
RR 0.36 (95% CI
0.17–0.75)

(continued )
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volume and avoid transfusion-associated risks in
vulnerable premature neonates.

Polycythemia (Hematocrit Greater
Than 65%)

Fogarty et al4 concluded delayed cord clamping
increased the incidence of polycythemia (13 trials;
2,529 neonates; RR 2.65; 95% CI 1.61–4.37) without
an increased need for partial exchange transfusion (four
trials; 1,743 neonates; RR 0.14; 95% CI 0.01–2.74).

Hemodynamic Parameters

In general, there is a tendency toward higher blood
pressure and reduced need for inotropic support after
delayed cord clamping.39,42 Because blood pressure data
are usually not collected within the first hour after deliv-
ery, the immediate cardiovascular effects of delayed cord
clamping are unclear, as are correlations of early blood
pressure values and neurodevelopmental outcomes.

Intraventricular Hemorrhage

Data are mixed regarding delayed cord clamping and
intraventricular hemorrhage (any grade or severe,

grade 3 or 4) with some studies showing protective
effect against any intraventricular hemorrhage and no
studies showing any difference in severe intraventric-
ular hemorrhage (Table 2).4,39–42 The mechanism of
reduction in intraventricular hemorrhage with de-
layed cord clamping in some studies is not clear.
We speculate that hemodynamic stability with higher
systemic blood pressure and a slow decrease in pul-
monary vascular resistance associated with delayed
cord clamping48 limits ductal shunting and leads to
less fluctuations in cerebral blood flow.

Hyperbilirubinemia

Although peak bilirubin was slightly elevated in
neonates with delayed cord clamping, there is no
evidence of increased need for phototherapy or
exchange transfusion in existing systematic reviews
(Table 2).4,39,42

UMBILICAL CORD BLOOD GASES

Routine umbilical cord blood gas analysis, which
helps to retrospectively evaluate labor and delivery

Table 2. A Review of Recent Systematic Reviews and Meta-analyses Evaluating Delayed Cord Clamping
Compared With Early Cord Clamping in Neonates (continued )

Study—1st Author

Fogarty4
Rabe39

(Cochrane) Jasani40 Persad41 Seidler42 (ILCOR)
Gomersall38

(ILCOR)

IVH No difference
any IVH
n52,871, RR
0.87 (95% CI
0.75–1.00)
No difference
grade 3 and 4
IVH n52,300,
RR 0.87 (95%
CI 0.59–.027)

Y any grade
IVH
n52,333,
aRR 0.83
(95% CI 0.7–
0.99)
No
difference
grade 3 and 4
IVH
n52058,
aRR 0.94
(95% CI
0.63–1.39)

Y any grade
IVH
n53,316,
OR 0.73
(95% CI
0.54–0.97)
No
difference
grade 3 and 4
IVH
n52,469,
OR 0.83
(95% CI
0.47–1.34)

Uncertain-any
grade IVH
n51,310,
RR,0.86
(95% CI
0.7–1.05)
Uncertain-
grade 3 and
4 IVH
n52,324,
RR 0.98
(95% CI
0.62–1.54)

No difference-
grade 3 and 4 IVH
n52,972, RR 0.98
(95% CI 0.67–
1.42)

Not applicable
due to
gestational
age

Hyperbilirubinemia [Peak bilirubin
n52,358, MD
0.26 mg/dL
(95% CI 0.07–
0.45, P5.008)
No difference
with exchange
transfusions
n52,139, RR
0.29 (95% CI
0.05–1.73)

No difference
in
phototherapy
n5495, aRR
1.05 (95% CI
0.95–1.16)

No difference in
phototherapy
n5908, RR, 0.99
(95% CI 0.95–
1.03)

Possibly higher
use of
phototherapy
n52,814, RR
1.28 (95% CI
0.90–1.82)

ILCOR, International Liaison Committee on Resuscitation; RR, risk ratio; aRR, average risk ratio; OR, odds ratio; Hb, hemoglobin; Hct,
hematocrit; MD, mean difference; PRBC, packed red blood cell; BP, blood pressure; IVH, intraventricular hemorrhage.

* No increase in partial exchange transfusions.
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events, is typically performed to diagnose and treat
potentially acidemic neonates after birth.49 Current
cord blood gas reference ranges are based on mea-
surements established when early cord clamping was
standard practice. The effect of delayed cord clamping
on umbilical cord blood gas analysis in preterm neo-
nates is unclear. In vaginally delivered, healthy, term
singletons, a 2020 systematic review concluded that
delayed cord clamping (n5218), compared with early
cord clamping (n5234), does not affect or has
a minimal, clinically insignificant effect on umbilical
cord blood acid–base balance.50 Blood gas values
associated with delayed cord clamping were slightly
more acidemic, but still within normal reference
ranges.

Limited information is available regarding the
effects of delayed cord clamping on umbilical cord
blood gas values in cesarean deliveries. In a cohort of
term neonates delivered vaginally (n597) or by elec-
tive cesarean (n5124), arterial cord blood pH, bicar-
bonate, and base excess decreased significantly after
3-minutes of delayed cord clamping compared with
early cord clamping values, both in vaginal and cesar-
ean deliveries. Delayed cord clamping was associated
with an increase in pCO2 and lactate in cesarean com-
pared with vaginal deliveries. The neonates in this
cohort were vigorous after delivery based on their
median 5-minute Apgar score of 10 in both groups.51

IMMEDIATE POSTNATAL HEART RATE AND
OXYGEN SATURATIONS

Delayed cord clamping may affect postnatal heart rate
and pulse oximetry oxygen saturation levels after
delivery (Fig. 4). Studies demonstrate that delayed
cord clamping may promote earlier postnatal heart
rate and oxygenation stabilization in the
first minutes after birth in healthy term newborns.52

As demonstrated in Figure 4, in vaginal deliveries,
delayed cord clamping is associated with higher oxy-
gen saturations at five and 10 minutes after birth com-
pared with early cord clamping.52–57 It is possible that
oxygenated blood (;SpO2 85%) in the umbilical
venous return improves preductal saturations during
the first 5 minutes after birth. Because delayed cord
clamping is the standard for vigorous preterm and
term neonates, as more normative data accumulate,
initial target ranges for heart rate and pulse oximetry
oxygen saturation may need to be reconsidered to
guide resuscitation efforts.

MATERNAL BLOOD LOSS

Delayed cord clamping does not appear to affect
maternal blood loss. A retrospective cohort study

compared two time periods related to cesarean
deliveries, one in which early cord clamping was
routine (n5416) and one after delayed cord clamping
(60 seconds or more; n5317) became standard of
care. Delivering in the time period with delayed cord
clamping was not associated with negative effects on
maternal hematologic characteristics and was, in fact,
associated with reduced estimated blood loss.37 In
another study of patients undergoing scheduled cesar-
ean delivery of term singleton pregnancies, delayed
cord clamping (60 seconds), compared with early cord
clamping (15 seconds), resulted in no significant dif-
ference in the change in maternal hemoglobin level
(an objective measure of blood loss) on postoperative
day 1.35

Compared with early cord clamping, delayed
cord clamping in preterm deliveries (delivered at less
than 37 weeks of gestation) does not appear to affect
the risk of women with postpartum hemorrhage
(greater than 500 mL).4 In the two comprehensive
ILCOR reviews (neonates grouped as 34 weeks of
gestation or less or 34 weeks or more), the risk of
postpartum hemorrhage (greater than 500 mL) or
severe postpartum hemorrhage (greater than 1,000
mL) was not affected by delayed cord clamping.38,42

Fig. 4. Oxygen saturations (preductal: median or mean)
after early cord clamping (ECC) or delayed cord clamping
(DCC) in various studies with vaginal deliveries. Closed
circles depict DCC, and open squares depict ECC. The blue
area represents the preductal oxygen saturation (SpO2)
values recommended by American Academy of Pediatrics
(AAP)/American Heart Association (AHA) Neonatal Resus-
citation Program.
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MATERNAL COMORBIDITIES

Gestational and Pre-existing Diabetes Mellitus

Gestational diabetes mellitus (GDM) is one of the
most common complications of pregnancy. Globally,
the prevalence of GDM range from 8.4% to 24.5%
(median estimate of 12.9%), with an estimated prev-
alence of 8.9% in North America.58 Neonates born to
mothers with GDM have higher perinatal morbidity
and mortality compared with those born to mothers
without diabetes.59,60 In a randomized trial of 80 term
neonates, compared with early cord clamping
(median 4 seconds), delayed cord clamping (median
60 seconds) did not affect the incidence of hypoglyce-
mia or jaundice requiring phototherapy, was associ-
ated with higher postnatal hematocrit levels at 6 and
24 hours of age, led to increased polycythemia rates,
but without the need for partial exchange transfusion
treatment, and was associated with decreased NICU
admissions of neonates with respiratory distress.61

Red Blood Cell Alloimmunization

Hemolytic disease of the newborn is an alloimmune
disorder due to transplacentally transmitted maternal
immunoglobulin G antibodies that bind to paternally
inherited antigens present on fetal red blood cells
leading to hemolysis and elevated bilirubin levels.62

Hyperbilirubinemia refractory to intensive photother-
apy treatment may require exchange transfusions; this
intervention may help prevent central nervous system
damage, such as kernicterus. Given the risks associ-
ated with hemolytic disease of the newborn, decisions
surrounding placental transfusion practices warrant
consideration; however, limited evidence-based guid-
ance is available on this topic.

A single-center, retrospective cohort study by Ga-
rabedian et al63 assessed the risk and benefits of delayed
cord clamping (more than 30 seconds) in cases of red
blood cell alloimmunization involving 72 neonates who
received in utero transfusions for fetal anemia primarily
for anti-D. Compared with a historic cohort of neonates
who had early cord clamping (median 34.1, range 27.6–
37.0 weeks of gestation, n536), neonates who received
delayed cord clamping (median 34.9, range 28.6–37.9
weeks of gestation, n536) had higher hemoglobin levels
measured within 1 hour after birth and required less post-
natal exchange transfusions (19.4% vs 47.2%, P,.013)
without significant differences in maximum bilirubin lev-
els, intensive phototherapy rates, or total phototherapy
treatment duration between the two groups.

A single-center randomized trial by Sahoo et al
evaluated the effect of delayed cord clamping (60
seconds or more; n536) compared with early cord

clamping (10 seconds or less; n534) in Rh-
alloimmunized neonates; the median (interquartile
range) gestation of enrolled neonates was 3532–36

weeks of gestation. Compared with early cord clamp-
ing, delayed cord clamping was associated with a
higher hematocrit 2 hours after delivery (mean differ-
ence 4.9%; 95% CI 0.6–9.1, P5.03), without signifi-
cant differences in the duration of phototherapy,
requirement for partial exchange and double volume
exchange transfusion, hemodynamic parameters
based on functional echocardiography in initial 12
hours after delivery, and blood transfusion require-
ments until 14 weeks of age.64

Although these preliminary studies suggest that
delayed cord clamping may be beneficial in the
setting of alloimmunization, additional large multi-
center studies including neonates with severe anemia
and hydrops with long-term neurodevelopmental
follow-up are needed.

MATERNAL HUMAN IMMUNODEFICIENCY
VIRUS (HIV) INFECTION

Antiretroviral drugs for mothers living with HIV and
postnatal prophylaxis in newborns can result in neo-
natal anemia. WHO guidelines recommend delayed
cord clamping for at least 1–3 minutes among women
living with HIV because, “the benefits of delaying
umbilical cord clamping outweigh the risks” of HIV
transmission.24 Women living with HIV and their
neonates should receive antiretroviral therapy to
prevent mother-to-child transmission of HIV.

In a randomized study of 64 mother–newborn dy-
ads, Pogliani et al65 compared the effect of delayed cord
clamping (120 seconds) with that of early cord clamping
(less than 30 seconds) in term neonates delivered by
planned cesarean to mothers on stable antiretroviral
therapy. Neonates who received delayed cord clamping
had significantly higher mean hemoglobin concentra-
tions at 24 hours and 1 month of age. After 12 months of
age, no between-group hemoglobin concentration differ-
ences were detected. None of the neonates had positive
HIV–polymerase chain reaction from birth through 18
months of age. The risk of vertical transmission in
mothers not treated with antiretroviral therapies during
pregnancy or with high viral loads remains unclear, but
would be anticipated to be no higher than in utero
acquisition of the virus.

MATERNAL SEVERE ACUTE RESPIRATORY
SYNDROME CORONAVIRUS 2 (SARS-CoV-
2) INFECTION

Given the potential newborn benefits, delayed cord
clamping is recommended with maternal SARS-CoV-

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

130 McAdams and Lakshminrusimha Placental Transfusion to Neonates OBSTETRICS & GYNECOLOGY



2 infection by major scientific societies.66–68 A pro-
spective observational study of pregnant women with
SARS-CoV-2 demonstrated that compared with early
cord clamping (less than 30 seconds; n5231), delayed
cord clamping (more than 30 seconds; n5172) was
not associated with significant differences in positive
neonatal test results for SARS-CoV-2 infection; no
confirmed vertical transmission cases were detected.69

Anti–SARS CoV-2 immunoglobulin G anti-
bodies are detected in umbilical cord blood of neo-
nates born to mothers who received coronavirus
disease 2019 (COVID-19) mRNA vaccines during
pregnancy.70–72 Placental transfusion may enhance
passive immunity in the neonate, but there are not
studies to date to confirm this possibility. Although
rare, maternal SARS-CoV-2 infection and passive
transfer of transplacental antibodies may result in
multisystem inflammation, atrioventricular conduc-
tion abnormalities, and thrombosis in the early neo-
natal period, consistent with neonatal multisystem
inflammatory syndrome.73 The effect of delayed cord
clamping on neonatal multisystem inflammatory syn-
drome is unclear. With the emergence of new SARS-
CoV-2 viral genetic variants, with mutations that may
affect transmissibility and spread, antigenicity, or vir-
ulence, close viral surveillance and ongoing risk
assessment for maternal-to-neonatal transmission will
be needed to guide clinical practice.

NEONATAL SPECIAL CIRCUMSTANCES

Multifetal Gestations

Published trials demonstrating actual risks or benefits
of delayed cord clamping specific to dichorionic twins
in vaginal or cesarean deliveries are lacking; however,
given each twin has his or her own placenta, this
placental transfusion strategy should be feasible. In
monochorionic twins with known or suspected twin-
to-twin transfusion syndrome, delayed cord clamping
is not recommended due to the risk of inter-twin
transfusion at birth. Although most twin gestations
with monochorionic diamniotic placentation are not
complicated by twin-to-twin transfusion syndrome,
there are no available data to guide placental trans-
fusion practice in these circumstances.

Fetal Growth Restriction

Fetal growth restriction in both preterm and term
neonates is associated with an increased risk for
morbidity, mortality, and significantly worse cognitive
outcomes compared with neonates born at a size
appropriate for gestational age.74,75 Limited informa-
tion is available on the effect of delayed cord clamping

in preterm neonates with fetal growth restriction. Due
to concerns that delayed cord clamping may exacer-
bate the risk for symptomatic polycythemia, neonates
with fetal growth restriction have typically been
excluded from the clinical practice of delayed cord
clamping. In a randomized controlled trial of preterm
neonates with fetal growth restriction born at less than
34 weeks of gestation, compared with early cord
clamping (10 seconds or less), delayed cord clamping
(60 seconds) was associated with significantly
increased peripheral blood percentage of CD34, a
marker of stem cell levels. Delayed cord clamping
was also associated with significantly higher hemoglo-
bin levels at 1 hour after birth and 2 months of age,
higher peak bilirubin level without increased photo-
therapy needs, a decreased duration of supplemental
oxygen during hospitalization, and no increased risk
of polycythemia.76 Notably, in preterm neonates with-
out fetal growth restriction born at less than 32 weeks
of gestation, delayed cord clamping (30–45 seconds)
has been associated with lower peripheral blood
hematopoietic stem cell counts compared with early
cord clamping (less than 10 seconds),77 highlighting
the need for more studies in this population.

A secondary analysis of a subset of neonates with
fetal growth restriction who were enrolled in a
randomized controlled trial by Mercer et al,78 demon-
strated delayed cord clamping (30–45 seconds plus
umbilical cord milking 3 1; n525) was safe and asso-
ciated with normal, but higher, initial temperatures on
NICU admission compared with neonates who
received early cord clamping (n532).79

In a trial of neonates with fetal growth restriction
delivered at more than 28 weeks of gestation, com-
pared with early cord clamping (within 30 seconds;
n555, mean gestational age 35.963.0 weeks), delayed
cord clamping (more than 60 seconds; n555, mean
gestational age 36.562.9 weeks) was associated with
improved systemic blood flow at 24 hours based on
superior vena cava blood flow measurements.80 De-
layed cord clamping was also associated with
increased hematocrit at 24 hours of age and serum
ferritin levels at 3 months of age without higher inci-
dences of polycythemia or phototherapy require-
ments for significant hyperbilirubinemia in the
newborn period. No differences in major morbidities
or mortality were noted between the groups.

In a randomized trial of term small-for-gestational-
age neonates, the majority who were delivered by
cesarean, delayed cord clamping (mean6SD 62.666.5
seconds; n555) resulted in similar outcomes as early
cord clamping (12.163.7 seconds; n558) with no differ-
ences in symptomatic polycythemia or the need for
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partial exchange transfusions.81 At 3 months of age, the
serum ferritin levels were higher in the delayed cord
clamping group.

Congenital Heart Disease

A systematic review and meta-analysis of 260 studies,
encompassing 130,758,851 live births from 2010 to
2017, demonstrated a birth prevalence of congenital
heart diseases of 9.41 per 1,000 (95% CI 8.602–
10.253).82 Although not all neonates with congenital
heart disease will be critically ill at birth, decisions on
umbilical cord management may influence outcomes.
In theory, by increasing blood volume and hematocrit
through delayed cord clamping, neonates with cya-
notic heart disease could benefit from improved oxy-
gen carrying capacity and hemodynamics.

A randomized pilot study of term neonates with
critical congenital heart disease who were anticipated
to require surgery or catheterization within the first
month of life, demonstrated that delayed cord clamp-
ing (up to 120 seconds; n515) compared with early
cord clamping (less than 30 seconds; n515) resulted
in increased hematocrit in the first 72 hours after birth
and a higher probability of not having received a
blood transfusion throughout the hospitalization (7%
vs 43%; P5.02).83

Cardiac defect-specific hematocrit and blood
volume goals associated with the best short- and
long-term outcomes have yet to be determined. Given
the high prevalence of congenital heart disease,
further research is needed to determine ideal umbil-
ical cord management strategies in preterm and term
neonates based on anatomic and pathophysiology
classifications of cardiac malformations.

NONVIGOROUS NEONATES

Most guidelines include only neonates who are
vigorous and “not requiring resuscitation.” In addi-
tion, the underlying etiologies contributing to why a
preterm or term neonate is deemed not vigorous may
be different. Many extremely preterm neonates may
not appear vigorous after delivery, yet these neonates
may benefit most from delayed cord clamping. A
small randomized study that included neonates born
at 22–27 weeks of gestation who had a median 1-
minute Apgar score of 2, consistent with the need
for resuscitation, demonstrated that neonates who
received delayed cord clamping (37.465.7 seconds,
n520), compared with early cord clamping (3.861
seconds; n520), had similar safety outcomes, but
higher normal NICU admission temperatures, higher
blood pressures in the first 24 hours, increased hemat-

ocrit at 72 hours, and decreased number of red blood
cell transfusions in the first 28 days of life.84

Although limited in number, studies support that
most preterm newborns, including extremely preterm
neonates, will initiate breathing within the first 60
seconds after delivery, with both delayed cord clamp-
ing and early cord clamping.85,86 In a randomized
trial that included 150 preterm neonates who received
60 seconds of delayed cord clamping, spontaneous
breathing occurred, on average, within 25 seconds
of delivery with both vaginal and cesarean deliver-
ies.87 Neonates that received early stimulation had
spontaneous breathing without evidence of bradycar-
dia or hypoxemia, and did not benefit from face mask
positive pressure ventilation.

Compared with preterm neonates, most term
neonates appear to spontaneously breathe sooner
after birth. In a randomized clinical trial by Kc
et al52 involving 1,510 term neonates with low-risk
vaginal delivery, neonates who received early cord
clamping 60 seconds or less had their first breath at
14.567.6 seconds with regular breathing established
by 19613.1 seconds compared with neonates with
delayed cord clamping for 180 seconds or more
who had their first breath at 10.467.2 seconds with
regular breathing established by 14.9613.0 seconds.
A small (n515) prospective observational study of
healthy term neonates assessed by echocardiographic
ultrasonogram after delivery (positioned on their
mother’s chest) demonstrated that inspiration appears
to direct ductus venosus blood flow into the right
atrium, which may promote placental-to-neonatal
blood flow and increase neonatal blood volume.88

In addition, a large multicenter trial (MINVI,
NCT03631940) has recently completed enrollment
of 1,200 nonvigorous term neonates (35–42 weeks
of gestation) who received early cord clamping or
umbilical cord milking (four times along the entire
length of the umbilical cord within 15–20 seconds)
using a cluster randomized crossover design to evalu-
ate incidence of NICU admission (primary outcome)
and mortality, need for therapeutic hypothermia,
hemoglobin levels, hyperbilirubinemia and need for
volume expanders (secondary outcomes).

LONG-TERM
NEURODEVELOPMENTAL OUTCOMES

Overall, robust data on the effects of delayed cord
clamping on long-term neurodevelopmental out-
comes are lacking. A follow-up study at 18–22 months
corrected age of premature singleton neonates born at
less than 32 weeks of gestation demonstrated that de-
layed cord clamping (30–45 seconds; n582),

© 2021 by the American College of Obstetricians
and Gynecologists. Published by Wolters Kluwer Health, Inc.

Unauthorized reproduction of this article is prohibited.

132 McAdams and Lakshminrusimha Placental Transfusion to Neonates OBSTETRICS & GYNECOLOGY



compared with early cord clamping (less than 10 sec-
onds; n579), was associated with fewer motor scores
lower than 85 on the Bayley Scales of Infant Devel-
opment, Third Edition (odds ratio 0.32, 95% CI 0.10–
0.90, P5.03).89 A follow-up study at 2 years corrected
age of premature neonates born at less than 32 weeks
of gestation demonstrated that fewer children allo-
cated to delayed cord clamping (2 minutes or more;
24/155, 21%) died or had an adverse neurodevelop-
mental outcome compared with early cord clamping
(20 seconds or less; 35/103, 34%); RR 0.61 (95% CI
0.39–0.96); risk difference 213% (95% CI 225% to
21%).90

Analysis of secondary outcomes from a follow-up
study of a randomized trial that included low-risk term
pregnancies demonstrated that compared with early
cord clamping (less than 10 seconds), delayed cord
clamping (180 seconds or more) in 4-year-old boys (but
not girls) was associated with the higher scores in tests
that assessed fine motor and personal–social domains,
the processing speed quotient and the bicycle trail task.91

A 12-month follow-up study of term singleton neonates
from healthy pregnancies demonstrated that compared
with early cord clamping (20 seconds or less), delayed
cord clamping (5 minutes or more) was associated with
increased regional white matter brain growth within the
right and left internal capsules, the right parietal, occip-
ital, and prefrontal cortex, without gender or develop-
mental testing differences between the two groups.92

Although these follow-up studies are reassuring for
potential benefits of delayed cord clamping, robust
long-term follow-up studies in high-risk preterm and
term neonates are needed.

CONTRAINDICATIONS TO DELAYED
UMBILICAL CORD CLAMPING

Early cord clamping is recommended in clinical
situations of maternal hemorrhage, hemodynamic
instability, or both, and when placental circulation is
interrupted (eg, abruption, bleeding previa, known
true umbilical cord knot, cord avulsion, fetal growth
restriction with abnormal cord Doppler evaluation).6

In many scenarios (eg, nonvigorous newborns requir-
ing resuscitation) evidence on the risks and benefits of
delayed cord clamping is still lacking; therefore, it is
reasonable to perform early cord clamping in these
situations until more data are available.

CONCLUSION

Interpreting the literature on the potential benefits
and risks of delayed cord clamping compared with
early cord clamping can be challenging, even when
considering systematic reviews and meta-analyses.

Meta-analyses are hindered by heterogeneity in the
definition of delayed cord clamping, and differences
in gestational age at recruitment, comparison meth-
odologies, assessment of bias risk, and lack of studies
with sufficient sample size to evaluate specific out-
comes and neonatal subgroups.

Despite the heterogeneity in studies, substantial,
high-quality evidence from systematic reviews and
meta-analyses supports the safety and potential ben-
efits of delayed cord clamping, supporting this pla-
cental transfusion strategy in preterm (more than 30
seconds) and term (more than 60 seconds) neonates.
In clinical situations where placental circulation is
interrupted, early cord clamping is indicated. In
preterm neonates, delayed cord clamping may
decrease mortality and the need for blood transfu-
sions. In neonates delivered at 34 weeks of gestation
to term, delayed cord clamping increases hemoglobin
and hematocrit immediately after birth and may
increase the risk for hyperbilirubinemia requiring
phototherapy, so these neonates require monitoring
for hyperbilirubinemia. Delayed cord clamping
appears to be safe for mothers and does not increase
the risk of postpartum hemorrhage.
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