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It is now well recognized that delivery and 
the immediate postpartum period is a vulnera-
ble time for both the mother and infant. During 
the first 24 hours after delivery it is estimated 
that 25% to 45% of neonatal deaths and 45% 
of maternal deaths occur (1, 2). Thus delivery 
and postpartum care practices that attend to the 
most serious and immediate risks for the moth-
er (e.g., postpartum hemorrhage and postpar-
tum infections) and neonate (e.g., asphyxia, low 
birth weight, prematurity, and severe infections) 
are the most common conditions addressed by 
public health interventions. Only in the past de-
cade has the fate of the newborn been directly 
focused upon, since previous delivery care ini-
tiatives mainly addressed the health and safety 
of the mother at childbirth (2) while child sur-
vival programs tended to concentrate on condi-
tions affecting survival after the neonatal period 
(i.e., after the first 28 days of life) (1).

Though neonatal mortality is decreasing, in 
2008, deaths within the first month of life com-
prised 41% of overall under-five child mortality 
(3). This quantification provides the opportunity 
to highlight several simple, inexpensive and evi-
dence-informed delivery care practices that can 
improve survival of the “newborn” during deliv-
ery and the postpartum period (4, 5). However, 
while attention is now being paid more equal-
ly to improving survival of both components 
of the mother-infant dyad during delivery and 
the post-partum period, a crucial opportunity 
to implement simple practices that can affect 
long-term nutrition, health and development 

outcomes is being overlooked. Delayed umbil-
ical cord clamping, early mother to newborn 
skin-to-skin contact, and early initiation of ex-
clusive breastfeeding, are three simple practices 
recommended by WHO  (8, 9) that, in addition 
to providing immediate benefit, can have long-
term impact on the nutrition and health of both 
mother and child and possibly affect the devel-
opment of the child far beyond the newborn 
period. Therefore, an in-
tegrated package of care 
that includes these three 
practices, together with 
maternal care practices al-
ready being promoted to 
prevent maternal morbid-
ity and mortality, such as 
active management of the 
third stage of labor, will 
optimize both short- and 
long-term infant and ma-
ternal outcomes.

Objectives
The objective of the present document is 

twofold. First, the current knowledge of the im-
mediate and long-term nutritional and health 
benefits of three practices will be reviewed. 
These include:
1. Delayed umbilical cord clamping;
2. Early and continued mother to newborn skin-

to-skin contact; 
3. Early initiation of exclusive breastfeeding 

(within the first hour after birth).

Introduction

Delayed umbilical cord 
clamping, early mother 
to newborn skin-to-skin 
contact, and early initiation 
of exclusive breastfeeding, 
are three simple practices 
that, in addition to provid-
ing immediate benefit, can 
have long-term impact on 
the nutrition and health of 
both mother and child.



2

While there are clearly many essential delivery 
care practices, these three practices have received 
inadequate attention, deserve renewed emphasis, 
and have positive effects on nutritional status, 
which is generally not an outcome encompassed 
in the discussion of delivery care practices for im-
proved public health outcomes. When appropri-
ate, the immediate and long-term benefits are de-
scribed separately for pre-term, low birth weight 
infants and full-term infants.

Secondly, we aim to illustrate that these three 
practices can be feasibly and safely implemented 
together for the benefit of both mothers and their 
infants. We provide a general recommendation 
for application in normal (vaginal) delivery of a 
well-newborn, with notes as needed for adapta-
tions and adjustments for cesarean section deliv-
ery, low birth weight and/or  premature infants. 
Previous recommendations have implied that 

several maternal and infant care practices may 
not be compatible with one another: for exam-
ple, early cord clamping was until 2007 recom-
mended as a part of active management of the 
third stage of labor (6) (see Box 1 for additional 
discussion on active management of the third 
stage of labor) and one of the reasons suggest-
ed for practicing immediate cord clamping was 
in order to be able to place the infant in contact 
with the mother as soon as possible after deliv-
ery (7). Delivery practices have generally been 
described without simultaneously mentioning 
both components of the mother-infant dyad 
(e.g., guidelines on the active management of 
the third stage of labor generally do not include 
mention of the infant). We provide an integrated 
framework of steps, based on current evidence, 
which should be readily adaptable to a variety of 
delivery settings.

Box 1. Active management of the third stage of labor 
for the prevention of postpartum hemorrhage

Postpartum hemorrhage is the leading cause of maternal mortality worldwide, contributing 
to 25% of all maternal deaths(8), and uterine atony is its most common cause. Fourteen million 
cases of postpartum hemorrhage are estimated to occur annually on a global level (8). Active 
management of the third stage of labor (in its original form, active management included the 
administration of a prophylactic uterotonic after the delivery of a baby, early cord clamping and 
cutting, and controlled traction of the umbilical cord) significantly reduced the incidence of 
postpartum hemorrhage from uterine atony by 60% (6), the incidence of postpartum blood loss 
of 1 liter or more and the need for costly and risky blood transfusions (9), and prevented com-
plications related to postpartum hemorrhage. In 2007, the World Health Organization revised 
its recommendations for active management to include delayed cord clamping rather than early 
cord clamping in light of increasing evidence on the benefits of delayed cord clamping to the in-
fant, and lack of evidence on the harms to the mother or infant (9). In 2012, the guidelines were 

(Continued).
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once again revised to address new evidence regarding the importance of controlled cord traction 
(8), and to review the evidence for each previously recommended component of the active man-
agement package. Research published since 2007 indicates that controlled cord traction does not 
significantly affect the incidence of postpartum hemorrhage, thus the revised guidelines indicate 
that controlled cord traction is an optional component of the active management strategy (10).  
The guideline development group concluded that the main intervention of the active manage-
ment strategy is the provision of the uterotonic (8).

Below are the current (as of 2012) WHO recommendations for the prevention of postpar-
tum hemorrhage (8) with the associated strength of the recommendation based on available 
evidence:

1. The use of uterotonics for the prevention of postpartum hemorrhage during the third stage 
of labour is recommended for all births. (Strong recommendation, moderate quality ev-
idence).

2. Oxytocin (10 IU, IV/IM) is the recommended uterotonic drug for the prevention of post-
partum hemorrhage. (Strong recommendation, moderate quality evidence).

…*
 5. In settings where skilled birth attendants are available, controlled cord traction is recom-

mended for vaginal births if the care provider and the parturient woman regard a small 
reduction in blood loss and a small reduction in the duration of the third stage of labour 
as important (Weak recommendation, high quality evidence).

6. In settings where skilled birth attendants are unavailable, controlled cord traction is not 
recommended. (Strong recommendation, moderate quality evidence).

 7. Late cord clamping (performed after 1 to 3 minutes after birth) is recommended for all 
births while initiating simultaneous essential newborn care. (Strong recommendation, 
moderate quality evidence).

 8. Early cord clamping (<1 minute after birth) is not recommended unless the neonate is 
asphyxiated and needs to be moved immediately for resuscitation. (Strong recommenda-
tion, moderate quality evidence).

 9. Sustained uterine massage is not recommended as an intervention to prevent postpartum 
hemorrhage in women who have received prophylactic oxytocin. (Weak recommenda-
tion, low quality evidence).

 10. Postpartum abdominal uterine tonus assessment for early identification of uterine atony 
is recommended for all women. (Strong recommendation, very low quality evidence).

*Note that additional recommendations on the choice of uterotonic (recommendations 3 and 4) have been omitted 
above; the full set of recommendations can be found here: http://www.who.int/reproductivehealth/publications/mater-
nal_perinatal_health/9789241548502/en/ 

Box 1. (Continued).
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Methods
We performed searches of the scientific liter-

ature using PubMed to identify research studies 
relevant to the three main practices of interest 
using keyword searches.1 Examples of search 
terms used are listed below, though supplemen-
tal searches on particular outcomes were also 
performed (e.g., skin-to-skin contact and hy-
pothermia). The “snowball technique” as well 
as the PubMed “Related Citations in PubMed” 
function were used to identify additional related 
references.

Umbilical cord clamping: umbilical cord 
clamping; umbilical cord milking; umbilical 
cord clamping AND cesarean section; umbilical 
cord clamping AND pre-term infants

Skin-to-skin contact: skin to skin contact 
newborn; skin-to-skin contact AND cesarean 
section; kangaroo mother care; early skin-to-
skin contact AND breastfeeding

Early initiation of breastfeeding: early ini-
tiation of breastfeeding; pre-lacteal feeds; early 
initiation of breastfeeding AND morbidity; ear-
ly initiation of breastfeeding AND mortality; 
breastfeeding AND maternal outcomes 

We also consulted guidelines and other docu-
ments of normative bodies (e.g., WHO, Interna-
tional Confederation of Midwives, International 
Federation of Gynecologists and Obstetricians, 
International Liaison Committee for Resusci-
tation) regarding relevant recommended prac-
tices (cord clamping, active management of the 
third stage of labor and neonatal resuscitation). 
Results of existing systematic reviews and me-
ta-analyses (e.g., Cochrane Systematic Reviews) 
of controlled trials were used preferentially for 

providing an overall measure of effect of each 
practice on different outcomes. These results 
were complemented by individual studies that 
may have not been included in a meta-analysis 
due to the type of trial (e.g., observational or 
non-randomized) or that studied particular out-
comes that the meta-analysis was inconclusive 
about due to the few number of trials investigat-
ing these outcomes.

Target audience 
Our target audience for this document in-

cludes health practitioners attending deliveries 
in health facilities as well as public health deci-
sion makers who are responsible for establishing 
health policy for maternal and newborn care. 
The intended target audience for this docu-
ment is intentionally broad in order to increase 
knowledge regarding the recommended practic-
es among a wide range of individuals who will 
all be essential in effecting change. While we 
acknowledge that different individuals involved 
in maternal and newborn care will need vary-
ing levels of knowledge in order to promote and 
implement the recommended practices, the sci-
entific evidence and practical recommendations 
included in this document will be useful to the 
entire audience. For example, practicing ob-
stetricians, pediatricians, midwives and nurses 
may want more practical information on “how” 
to implement the practices. For that, the must 
have skills needed to assess how existing systems 
and programs can be adapted to accommodate 
the recommended practices. Thus for all groups, 
the “why” and “how” behind the recommended 
practices are essential knowledge, and therefore 

1 Searches most recently performed in March 2013.
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this document will be valuable to both practic-
ing clinicians and public health decision makers. 

Organization of document
The first three sections of the document ad-

dress each of the three practices in the follow-
ing format: a recommendation for practice is 
presented first followed by a discussion of the 
evidence indicating short- and long-term ben-
efit for both mother and infant (in most cases, 

both pre-term, low birth weight and full-term 
infants). The final section of the document pres-
ents an integration of the separate steps into a 
feasible sequence and addresses what is known 
regarding current delivery care practices. We 
conclude with a discussion of what steps may 
need to be taken to overcome barriers for the 
adoption and sustained implementation and in-
tegration of the essential delivery care practices 
discussed. 
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1. Optimal timing of umbilical cord clamping

Recommendation for practice
After delivery1, dry the infant with a clean, 

dry cloth, and place the fully reactive infant2 
prone on the lower part of the maternal abdo-
men where s/he can be covered with a warm dry 
blanket. The cord should not be clamped earlier 
than one minute after birth (8, 9), and the opti-
mal time to clamp the umbilical cord for all in-
fants regardless of gestational age or fetal weight 
is when the circulation in the cord has ceased, 
and the cord is flat and pulseless (approximate-
ly 3 minutes or more after birth) (10). After the 
cord is flat,3 clamp and cut the cord following 
strict hygienic techniques. 

WAIT ! OK !

1 In cesarean deliveries, the infant may be dried, wrapped and placed on the mother’s thighs (or a surface level or slightly lower than the 
placenta) while waiting to clamp the cord. If there is a need to attend to the infant that cannot be addressed while the cord is intact, 
umbilical cord milking (“stripping” the cord from the placental end towards the infant 5 times) may be employed to allow a partial 
placental transfusion to occur in a shorter time period. 

2 If the infant is pale, limp, or not breathing, resuscitative measures can be performed while the infant is kept at the level of the perineum 
to allow optimal blood flow and oxygenation through the unclamped cord if there is experience doing so (see Box 2 for a discussion of 
neonatal resuscitation measures and the timing of cord clamping). However, many practitioners may not have this experience or may 
be unable to provide effective resuscitation measures when the cord is still intact (for example, due to the location of needed equipment 
relative to the mother); therefore, when newly-born term or pre-term babies require positive-pressure ventilation the cord should be 
clamped and cut to allow effective ventilation to be performed. Newly-born babies who do not breathe spontaneously after thorough 
drying should be stimulated by rubbing the back 2 to 3 times before clamping the cord and initiating positive-pressure ventilation (9). 
It is important to note that most infants (more than 90%) respond to the initial steps of resuscitation, including drying and stimulation. 
A smaller percentage, less than 10%, require active resuscitative interventions to establish regular respirations, and approximately half 
of those infants will respond without further active resuscitative efforts (11).

3 See Figure 1 for an illustration of the changes in cord appearance during the first 15 minutes of life.
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Box 2. Neonatal resuscitation and delayed cord clamping 

In 2012, WHO released updated guidelines for neonatal resuscitation to provide guidance for 
resource-limited settings in particular on appropriate resuscitation practices (9). Previous resusci-
tation guidelines put forth by WHO and other normative bodies (e.g., International Liaison Com-
mittee on Resuscitation, ILCOR) did not include mention of the timing of umbilical cord clamping 
relative to neonatal resuscitation procedures. In the most recent guidelines of both groups, cord 
clamping is recommended to be performed no earlier than one minute after delivery (9, 101). 
Specifically, WHO provides the following recommendations (along with the strength of the recom-
mendation as determined by the guideline development group, and related remarks):
•	 In	newly-born	term	or	pre-term	babies	who	do	not	require	positive-pressure	ventilation,	

the cord should not be clamped earlier than one minute after birth.
 (Strong recommendation based on moderate to high quality evidence for benefits in reduc-

ing the need for blood transfusion and increasing body iron stores and very low quality evi-
dence for risk of receiving phototherapy for hyperbilirubinaemia.)

 Remark: “Not earlier than one minute” should be understood as the lower limit supported by 
published evidence. WHO recommendations for the prevention of postpartum haemorrhage 
recommend that the cord should not be clamped earlier than is necessary for applying cord trac-
tion, which the [guideline development group] clarified would normally take around 3 minutes.

•	 When	 newly-born	 term	 or	 pre-term	 babies	 requires	 positive-pressure	 ventilation,	 the	
cord should be clamped and cut to allow effective ventilation to be performed.

 (Weak recommendation based on the consensus of the WHO [guideline development group] 
in the absence of evidence in babies who need positive-pressure ventilation.)

 Remark: If there is experience in providing effective [positive-pressure ventilation] without cut-
ting the cord, ventilation can be initiated before cutting the cord.
It is important to remember that the majority of infants will not need additional assistance 

(other than drying and warmth) to begin breathing. Only 1% of infants will require extensive 
resuscitation efforts. Providing resuscitation measures while the cord is still intact may allow for 
continued placental circulation if the placenta has not yet separated from the uterus—providing 
a source of oxygen to the infant—as well as much needed blood volume. There are a few differ-
ent approaches to combining delayed cord clamping and resuscitation that have been suggested. 
Van Rheenen describes that bag and mask ventilation can be performed with the infant between 
the mother’s legs (120). If more extensive resuscitation efforts are needed, a mobile trolley has 
recently been developed (named the BASICS or LifeStart trolley), that contains all of the equip-
ment contained on a standard resuscitation table, but because of its mobility, can be moved 
alongside the delivery bed so that the cord does not need to be clamped and cut and taken to a 
stationary table away from the mother. For more information on the BASICS/LifeStart trolley 
see the Additional Resources and Websites section of this document.
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1.1 History of the timing of umbilical 
cord clamping

Debate as to the “correct” time to clamp the 
umbilical cord after delivery has been docu-
mented since at least the early 1900s, when ob-
stetric practices began to shift from the “present 
prevalent practice” of delayed clamping (i.e., 2 
to 3 minutes after delivery or at the end of cord 
pulsations) in 1935 (12), towards early umbilical 
cord clamping (i.e., 10 to 15 seconds after deliv-
ery) which appears to be the current and preva-
lent practice now in many settings. It is not clear 
why practices changed, but it has been suggested 
that many different factors played a role, includ-
ing an overall movement in obstetrics towards 
more “interventionist” techniques (e.g., where 
women usually labor in dorsal positions rather 
than more upright positions, receive more an-
algesics and intravenous fluids, and where the 
umbilical cord and placenta are managed more 
actively). The movement of more births from the 
home into the hospital setting may also have cre-
ated a situation where “ligation of the cord makes 
it possible to get babies and mothers out of the 
delivery room more rapidly” (13). Other reasons 
that have been suggested for the institution of 
early clamping include: the fear of increasing 
hyperbilirubinemia and/or polycythemia in the 
late clamped infant, the presence of a neonatol-
ogist or pediatrician in the delivery room anx-
ious to attend to the infant, the rush to measure 
cord blood pH and gases, and to place the infant 
in skin-to-skin contact with the mother as soon 
as possible (7). Regardless of the particular rea-
sons behind the change in practice from delayed 
clamping to early clamping, it is clear that there 

was little to no scientific evidence supporting 
early clamping as the more beneficial practice 
for the infant, or for the mother.

1.2 Physiological effects of the timing 
of cord clamping and determinants 
of the “placental transfusion” 

For a period of time after birth there is still 
circulation between the infant and placenta 
through the umbilical vein and arteries, and 
thus the timing of cord 
clamping will have pro-
found effects on infant 
blood volume at delivery. 
By measuring placental 
residual blood volume af-
ter clamping the umbili-
cal vein and/or arteries at 
various time points, it was 
shown that blood flows 
through the umbilical ar-
teries (from the infant to 
the placenta) during the first 20 to 25 seconds 
after birth but is negligible by about 40 to 45 
seconds (14). In contrast, in the umbilical vein, 
blood flow continues from the placenta to the 
infant up to at least 3 minutes after delivery, after 
which blood flow is insignificant. The blood that 
the infant receives from the placenta during this 
time period is referred to as the “placental trans-
fusion” (Figure 1 provides a series of photos that 
demonstrates the change in appearance of the 
umbilical cord during the first 15 minutes of life 
as placental transfusion is occurring and ends). 
Following on studies in the 1960s and 1970s 
which attempted to measure the amount of pla-

Regardless of the particular 
reasons behind the change 
in practice from delayed 
clamping to early clamping, 
it is clear that there was lit-
tle to no scientific evidence 
supporting early clamping 
as the more beneficial prac-
tice for the infant, or for the 
mother.
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cental transfusion, in 1992 Linderkamp and col-
leagues calculated 35 ml of placental blood per 
kg of body weight transferred to the infant after 
a delay in clamping of at least 3 minutes (15). 
Most recently, a study of placental transfusion in 
26 term infants (13 delivered vaginally, and 13 
delivered by cesarean section) published in 2011 
which weighed infants with the cord intact for 
up to 5 minutes after birth, measured an overall 
average placental transfusion between 24 and 32 
ml/kg body weight (16). In this study, for most 
infants, placental transfusion appeared to be 
complete by 2 minutes, though in some infants, 
the transfusion continued through 5 minutes af-
ter delivery. Therefore, for a cord clamping delay 
of at least 2 to 3 minutes in a full-term infant, 
about 24 to 35 mL blood per kg body weight is 
provided to the infant from the placental circu-

lation. This represents about one third of the to-
tal estimated newborn blood volume (assuming 
an average of 80 to 90 ml/kg for a newborn). 

For pre-term infants, placental transfusion 
after delivery also occurs, although the amount 
of transfer is relatively smaller. A delay of 30 to 
45 seconds permits an increase in blood volume 
of approximately 8% to 24% with slightly great-
er transfusion occurring after vaginal birth (be-
tween 2 to 16 ml/kg after cesarean delivery, and 
10 to 28 ml/kg after vaginal delivery) (17, 18).

Classic studies from the 1960s showed that 
the rate of placental transfusion is rapid at first 
and then slows in a stepwise fashion, with ap-
proximately 25% of the transfer occurring in the 
first 15 to 30 seconds after the uterine contrac-
tion of birth, 50% to 78% of the transfer by 60 
seconds and the remaining transfer by 3 minutes 

Figure 1. Demonstration of changes in umbilical cord appearance during 
the first 15 minutes of life

Note the changes in cord appearance from photo 1, immediately after birth when placental 
transfusion is occurring, to photos 5 and 6, where the cord is flat, pale and lifeless, indicating that 
placental transfusion has ended. 

Photo credit: Nurturing Hearts Birth Services (http://www.nurturingheartsbirthservices.com/blog/?p=1542)
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(19) (Figure 2). Farrar and colleagues (2011) in 
their recent study measuring placental transfu-
sion by weighing the infant after birth with the 
cord intact, confirmed the stepwise pattern of 
placental transfusion, with the greatest increase 
in weight occurring during the first minute, and 
a much more gradual increase through 2 to 3 
minutes of age and reaching a plateau afterwards 
(16) (Figure 3).

The rate and amount of transfer can be af-
fected by several factors. Uterine contraction is 
one factor that can accelerate the rate of trans-
fer. The uterine contraction that naturally occurs 

between 1 and 3 minutes after the birth con-
traction is thought to be responsible for the last 
“step” of the placental transfer (20). When meth-
ylergonovine (a uterotonic drug used to stimu-
late uterine contractions) was given immediately 
after birth, placental blood transfer occurred in 
1 minute, after a uterine contraction occurred 
at approximately 45 seconds (20). In contrast, 
though the sample size was small, Farrar and 
colleagues did not find a significant effect on the 
amount or rate of placental transfusion of intra-
muscular oxytocin when it was provided before 
or after cord clamping (16).  

Figure 2. Stepwise nature of the placental transfusion 

Distribution of blood between infant and placenta depending on time of cord clamping after 
birth (adapted from Linderkamp (21) and Yao (19). The term infants are at the level of the introi-
tus, about 10 cm below the placenta.

Reproduced from van Rheenen et al., BMJ 2006;333:954-958 with permission from the BMJ Publishing Group.
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Gravity can also play a role in the rate and 
amount of transfer. Studies performed in the 
1960’s and 1970’s showed that if the infant was 
held significantly below the level of the uterus, 
gravity seemed to speed the rate of transfer, but 
did not change the total amount of blood trans-
ferred (21). If the infant was held sufficiently 
high enough above the mother’s uterus (50 to 60 
cm in one study), placental transfusion was pre-
vented by stopping blood flow through the um-

bilical vein (14). Between 10 cm above or below 
the level of the mother’s uterus, the amount and 
rate of transfer is thought to be approximately 
similar, however some recent work suggests that 
placental transfusion in infants placed on the 
mother’s abdomen may take up to 5 minutes to 
complete (22) (Figure 4). Farrar and colleagues, 
in their study of 26 term infants did not find a 
significant difference in the amount of placental 
transfusion when the infant was at the level of 

Figure 3. Birth weight measurements during placental transfusion 
(through 5 minutes of age)

This figure demonstrates the change in weight in the first 5 minutes after birth when the cord 
is not clamped and placental transfusion is allowed to occur. The steep increase during the first 
minute, followed by a more gradual increase through 3 minutes, and a general plateau between 3 
and 5 minutes of age confirms the stepwise nature of placental transfusion illustrated in Figure 1.

Reproduced from Farrar et al., Measuring placental transfusion for term births: weighing babies with cord intact. 

BJOG 2011; 118:70-75 with permission from BJOG.
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the bed or on the mother’s abdomen or thighs 
(for cesarean section deliveries); however, in this 
observational study, measurements were taken 
through 5 minutes after delivery, thus likely al-
lowing a complete transfusion to occur (16).

The effect of the mode of delivery (vaginal vs. 
cesarean) on placental transfusion has also been 
debated. Some studies have suggested that pla-

cental transfusion is reduced or does not occur in 
cesarean section (23) possibly because of uterine 
atony due to the uterine incision, the anesthesia 
used for surgery, or the timing of the adminis-
tration of the uterotonic drug (16). In the study 
performed by Farrar and colleagues published 
in 2011, there was not a significant difference 
in the amount of placental transfusion between 

Figure 4. Comparison of clamping time and technique  
on placental residual blood volume (PRBV) with infants  

held on the mother’s abdomen skin-to-skin after delivery  

Figure 4 shows how immediate cord clamping (ICC) leaves the greatest amount of blood in the 
placenta (i.e., provides the smallest placental transfusion). Delayed clamping at 2 minutes (DC2) 
allows for some placental transfusion, but clamping at 5 minutes (DC5) allows for maximal trans-
fusion when the infant is in skin-to-skin contact with the mother. Cord milking (CM) allows for a 
placental transfusion between DC2 and DC5 with the infant held in skin-to-skin contact.

Reproduced from Mercer et al., 2012. 26(3):202-217 with permission from the J Perinat Neonat Nurs. 
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vaginal and cesarean deliveries (however there 
were only 13 infants in each group). The authors 
suggested that the use of a spinal (regional) an-
esthetic rather than general anesthesia (which 
may have been common in older studies) may 
have prevented uterine atony, allowing placental 
transfusion to occur (16). Ceriani-Cernadas and 
colleagues included cesarean deliveries in their 
study on the effects of delayed clamping in full-
term infants through 6 months of age, indicat-
ing the feasibility of the practices; however sub-
group analyses on study outcomes by delivery 
mode was not done (24, 25). Further assessment 
of placental transfusion in cesarean section de-
liveries may be useful to better understand the 
role of different factors in placental transfusion, 
including gravity (placement of the infant) and 
uterine contractions. 

Another practice that has been used to affect 
the amount and rate of placental transfer is “cord 
milking” or “cord stripping”, in which the indi-
vidual attending the delivery “milks” the cord 
from the placental end towards the infant, forc-
ing blood in the cord towards the infant, usually 
prior to cord clamping. This practice has been 
shown to have similar effects on neonatal out-
comes—such as hemoglobin or hematocrit—as  
delayed clamping in both term and pre-term 
infants, but long-term studies that compare um-
bilical cord milking to delayed clamping in term 
or pre-term infants have not been performed. A 
study published in 2012 examined the effect of 
umbilical cord milking during cesarean section 
on neonatal hematocrit and hemoglobin con-
centrations and found that “milking” the cord 
five times before clamping resulted in higher he-

matocrits at 36 to 48 hours as compared to im-
mediately-clamped infants, as well as a smaller 
volume of blood left in the placenta (26). While 
still recommending delayed clamping as the pre-
ferred, and more physiological, approach, the 
authors concluded that milking the cord could 
be a good alternative to delayed clamping during 
cesarean delivery in particular where obstetri-
cians may be hesitant to delay clamping of the 
cord for several minutes. 

1.3 Short- and long-term effects of 
cord clamping time on pre-term and 
low birth weight infants

The insufficient circulating blood volume 
caused by immediate cord clamping can have 
immediate negative effects in pre-term and low 
birth weight infants because of their initially 
smaller fetal-placental blood volume (with a rel-
atively higher percentage contained in the pla-
centa) and slower cardio-respiratory adaptation. 
A Cochrane systematic review, updated in 2012, 
included 15 randomized controlled trials, encom-
passing a total of 738 infants born between 24 and 
36 weeks gestation (27). As compared to pre-term 
infants who received immediate cord clamping 
(i.e., generally within the first 10 seconds after 
delivery, though clamping time was not always 
recorded), pre-term infants who received delayed 
clamping (ranging from a 30 to 180 second delay 
across studies), had a decreased need for blood 
transfusions for anemia in the neonatal period, 
a decreased risk of intraventricular hemorrhage, 
and a decreased risk of necrotizing enterocolitis. 
Pre-term infants are more susceptible to intraven-
tricular hemorrhage (i.e., bleeding into the brain’s 
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ventricular system, which especially in severe 
cases, is a risk to developmental outcomes) than 
full-term infants, and immediate clamping may 
increase the risk of intracranial bleeding by caus-
ing hypotension, which has been shown to be a 
risk factor for intraventricular hemorrhage (28). 
Pre-term infants with delayed clamping may also 
have a decreased need for blood transfusions for 
low blood pressure, though this outcome did not 
reach statistical significance in the 2012 Cochrane 
Review (27). This review also found that pre-term 
infants with delayed clamping had a significantly 
higher peak bilirubin concentration after birth. 
Criteria for phototherapy treatment of premature 
infants are controversial, with no universally ac-
cepted treatment guidelines. The peak levels of the 

studies included in the Cochrane review ranged 
from 139 to 222 µmol/L for infants ranging from 
24 to 36 weeks. One guide-
line for treatment with  
phototherapy based on ges-
tational age recommends 
treatment at 80 µmol/L at 
24 weeks gestation, and at 
250 µmol/L for infants of 
36 weeks gestation (29). 
However, the significant 
benefits of delayed clamp-
ing for pre-term infants of 
preventing intraventricular 
hemorrhage, necrotizing 
enterocolitis,  and reducing 

The insufficient circulating 
blood volume caused by 
immediate cord clamping 
can have immediate nega-
tive effects in pre-term and 
low birth weight infants 
because of their initially 
smaller fetal-placental 
blood volume. 

Table 1. Summary of immediate and long-term effects of delayed umbilical 
cord clamping for infants (term, pre-term/low birth weight) and mothers

Immediate benefits Long-term benefits

Pre-term/low-birth 
weight infants

Full-term infants Mothers Pre-term/Low-birth 
weight

Full-term

Decreases risk of:

–  Intra-ventricular hem-

orrhage

– Necrotizing enteroco-

litis

– Late-onset sepsis

Decreases need for: 

–  Blood transfusions for 

anemia or low blood 

pressure

– Surfactant 

– Mechanical ventilation

Increases: 

–  Hematocrit

– Hemoglobin 

– Blood pressure

– Cerebral oxygenation

– Red blood cell flow

Provides adequate blood 

volume and birth iron 

stores

Increases: 

–  Hematocrit

– Hemoglobin 

No effect on maternal 

bleeding or length of the 

third stage of labor

Indication from “cord 

drainage” trials that a 

less blood filled placenta 

shortens the third stage 

of labor and decreases 

incidence of retained 

placenta.

Increases hemoglobin at 

10 weeks of age

May be a benefit to 

neurodevelopmental 

outcomes in male infants

Improves hematological 

status (hemoglobin and 

hematocrit) at (2 to 4 

months of age)

Improves iron status 

through 6 months of age



Beyond survival: Integrated delivery care practices for long-term maternal and infant nutrition, health and development

16

the need for blood transfusions may outweigh 
the risk of potentially elevated bilirubin levels in 
many settings.

Individual studies have shown other imme-
diate benefits of delayed clamping for prema-
ture, or very low birth weight infants, which due 
to the relatively few studies that have examined 
these outcomes could not in most cases be ad-
equately evaluated in the Cochrane Review. A 
randomized controlled trial published in 2006 
of the effect of a 30 to 45 second delay in clamp-
ing as compared to immediate (5 to 10 seconds) 
umbilical cord clamping in newborns less than 
32 weeks gestation showed, in addition to a sig-
nificantly lower incidence of intraventricular 
hemorrhage, a significantly lower risk of late-on-

set sepsis (i.e., sepsis 
that occurs after the 
first week of life) in 
the delayed-clamped 
infants, with a trend 
towards greater pro-
tection among male 
infants who received 
delayed clamping 
(30). The authors 
proposed that the in-
creased incidence of 
late-onset sepsis seen 
in the immediate 

clamping group (8/33 in the immediate-clamped 
group versus 1/36 in the delayed-clamped 
group p = 0.03) could be due to a loss of pro-
tective primitive hematopoietic progenitor cells 
(in which cord blood is very rich) resulting in 
a compromised immune response. However, a 

small study published in 2011 of 42 premature 
infants examined levels of circulating hemato-
poietic progenitor cells, and did not find signifi-
cant differences in circulating levels between de-
layed-clamped and immediate-clamped infants; 
in fact circulating levels of these cells were lower 
in the delayed-clamped infants (31). The authors 
speculated that placental transfusion may have 
also provided greater levels of factors needed for 
“homing” of these progenitor cells to their target 
organs, thus reducing circulating levels of these 
important cells. More research is needed on sep-
sis and associations with cord clamping time as 
well as potential mechanisms for such a rela-
tionship, particularly since sepsis is estimated to 
contribute to approximately one quarter (23%) 
of neonatal deaths (3).

Other outcomes in the neonatal period that 
may benefit from delayed clamping include hema-
tocrit levels (32), oxygen transport (including ce-
rebral oxygenation) (33), and red blood cell flow 
(34). Delayed clamping in pre-term and/or low 
birth weight infants has also been associated with 
fewer days on oxygen (35), fewer days on or a de-
creased need for mechanical ventilation (32, 35), a 
decreased need for surfactant (32), and a decreased 
need for transfusions for low blood pressure or 
anemia (36). These outcomes may be of particular 
interest in low resource settings that have limited 
access to expensive technology. However, due to 
the low number of studies that have investigated 
these outcomes, and thus small sample sizes, fur-
ther research would be useful to confirm these oth-
er potential benefits of delayed clamping for pre-
term and/or low birth weight infants. 

There are very few studies that have exam-

Delayed clamping in 
pre-term and/or low birth 
weight infants has also 
been associated with fewer 
days on oxygen, fewer days 
on or a decreased need for 
mechanical ventilation, a 
decreased need for surfac-
tant, and a decreased need 
for transfusions for low 
blood pressure or anemia.
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ined long-term outcomes in pre-term and/or 
low birth weight infants. These infants would 
likely receive significant long-term benefit from 
delayed clamping because of their increased risk 
of developing iron deficiency and anemia. Iron 
reserves at birth are positively related to infant 
birth size and gestational age, so smaller, pre-
mature infants will have smaller iron reserves to 
begin with. They may also deplete their smaller 
iron stores more quickly because of their more 
rapid rate of growth, for which iron is a neces-
sary component. In addition to improved iron 
status, delayed clamping reduces the risk of in-
traventricular hemorrhage, and in at least one 
study, the risk of neonatal sepsis, both condi-
tions that can negatively affect neurodevelop-
ment in premature infants (37). Thus, delayed 
clamping both could potentially affect develop-
mental outcomes in premature infants through 
positive effects on iron status as well as preven-
tion of intraventricular hemorrhage and sepsis.

 The only study to date to examine the effect 
of clamping time on hematological status of pre-
mature infants past the newborn period followed 
37 premature infants (gestational age between 
34 and 36 weeks) who had been randomly as-
signed to receive delayed clamping (at 3 minutes 
after delivery) or early clamping (mean of 13.4 
seconds). The delayed-clamped infants showed 
significantly higher hemoglobin concentrations 
at both 1 hour and 10 weeks of age (38).

Similarly, for the effect of clamping time on 
developmental outcomes in pre-term/low birth 
weight infants, there has only been one study 
published to date (37). In this study, 58 infants of 
mean birth weight of approximately 1160 g and 

who had received delayed (30 to 45 seconds after 
delivery) or early clamping (less than 10 seconds 
after delivery) were assessed at 7 months of age 
using the Bayley Scales of Infant Development 
II. The Psychomotor Development Index scores 
were not significantly different between infants 
who had received delayed clamping versus ear-
ly clamping.  However, there was a significant 
interaction effect between gender and cord 
clamping time on development scores, such that 
males benefited more than females from delayed 
clamping in terms of Psychomotor Development 
Index scores. Male infants with delayed clamp-
ing had Psychomotor Development Index scores 
more than 1 standard deviation greater than 
male infants with early clamping. The authors 
hypothesized that hypovolemia caused by early 
clamping could independently negatively affect 
motor and mental development in pre-term in-
fants, in addition to the intraventricular hemor-
rhage and sepsis associated with the practice of 
early clamping (37). Additional research on the 
long-term effects of cord clamping time on this 
vulnerable population is needed.

1.4 Short- and long-term effects of cord 
clamping time on full-term infants

In full-term infants, two meta-analyses, com-
pleted in 2007 (39) and 2013 (originally pub-
lished in 2008, and updated in 2013) (40), have 
examined both positive and negative effects of 
cord clamping time in the neonatal period for 
term infants. Hutton and Hassan’s analysis of 15 
controlled trials (8 randomized controlled, 7 con-
trolled, a total of 1912 infants) showed that de-
layed clamping did not impose an increased risk 
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Table 2.  Worldwide prevalence of anemia in children between 6 and 35 
months of age from available Demographic and Health Surveys*  

Prevalence of hemoglobin < 11 g/dL (%) by infant age groups

6 to 9 months 10 to 11 months 12 to 23 months 24 to 35 months
Sub-Saharan Africa

Angola 2006-2007** (MIS) 74 81 66 60

Benin 2006 85 86 86 80

Burkina Faso 2010 94 92 95 91

Burundi 2010 72 65 50 43

Cameroon 2011 78 76 71 57

Congo (Brazzaville) 2005 72 74 69 67

Democratic Republic of 

Congo 2007

83 90 76 71

Ethiopia 2011 65 70 58 45

Ghana 2008 80 89 85 80

Guinea 2005 82 79 87 82

Lesotho 2009 63 53 60 47

Madagascar 2008-2009 66 69 60 50

Malawi 2010 81 87 73 65

Mali 2006 87 91 90 81

Niger 2006 89 89 93 87

Rwanda 2010 68 71 51 36

Sao Tome and Principe 

2008-2009

86 79 79 61

Senegal 2010-2011 83 84 86 81

Sierra Leone 2008 82 80 84 77

Swaziland 2006-2007 66 69 65 43

Tanzania 2010 80 80 70 60

Uganda 2011 70 70 59 50

Zimbabwe 2010-2011 73 75 74 56

Uzbekistan 1996 59 64 62 59

North Africa/West Africa/Europe

Albania 2008-2009 28 25 30 18

Armenia 2005 74 66 46 33

Azerbaijan 2006 57 51 55 37

Egypt 2005 61 67 57 49

Jordan 2009 50 57 49 28

Republic of Moldova 

2005

46 57 44 31

Central Asia

Kazakhstan 1999 23 42 67 48

Kyrgyz Republic 1997 53 40 61 45

Turkmenistan 2000 38 45 55 38

Uzbekistan 1996 59 64 62 59

South and Southeast Asia

Cambodia 2010 83 85 77 46

India 2005-2006 80 81 83 75

Nepal 2011 76 75 65 43

Timor-Leste 2009-2010 58 73 49 42

Latin America and the Caribbean

Bolivia 2008 80 73 79 63

Guyana 2009 57 75 55 36

Haiti 2005-2006 75 75 75 63

Honduras 2005-2006 63 69 53 37

Peru 2007-2008 77 79 65 42

*Source: MEASURE DHS STATcompiler, http://www.statcompiler.com, Accessed January 28, 2013. 
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of negative outcomes in the neonatal period, the 
two most commonly studied being neonatal poly-
cythemia (i.e., venous hematocrit above 70%) and 
jaundice (i.e., elevated levels of bilirubin) (41). 
Although delayed-clamped infants did have sig-
nificantly higher hematocrit at 7 hours (2 trials, 
236 infants) and between 24 and 48 hours of life 
(7 trials, 403 infants), no clinical signs of poly-
cythemia were reported in the studies reviewed. 
Treatment for asymptomatic polycythemia may 
only be warranted when the venous hematocrit 
exceeds 70% (42, 43), as not all infants with el-
evated hematocrit will have hyperviscosity (44, 
45), generally thought to be the cause of clinical 
symptoms. Even when indicated, there may be 
negative effects of the most commonly used treat-
ment for polycythemia and/or hyperviscosity, 
partial exchange transfusion: a systematic review 
published in 2006 of outcomes associated with 
partial exchange transfusion, showed no long-
term benefit to neurodevelopmental outcomes 
from the practice, and an increased risk of nec-
rotizing enterocolitis (46). McDonald et al’s Co-
chrane Review, which included 15 trials involv-
ing a total of 3911 women and infant pairs , also 
showed that there was not a significant difference 
in levels of polycythemia between early- and de-
layed-clamped infants (40). 

Furthermore, Hutton and Hassan’s analysis 
(41) showed that delayed clamping did  not sig-
nificantly increase mean serum bilirubin within 
the first 24 hours of life (2 trials, 163 infants) or at 
72 hours of age (2 trials, 91 infants), or the inci-
dence of clinical jaundice at 24 to 48 hours of age 
(8 trials, 1009 infants) or the number of infants 
requiring phototherapy (3 trials, 699 infants). 

In the Cochrane Review, McDonald et al found 
that significantly more delayed-clamped infants 
required phototherapy for jaundice than ear-
ly-clamped infants; however, the criteria for ap-
plication of phototherapy in the included studies 
was not provided, nor was it specified or standard 
across trials measuring this outcome (40). Guide-
lines for cut-offs for implementing photothera-
py have also changed over the past few decades. 
There was no significant difference in the num-
ber of infants with clinical 
jaundice between early- 
and delayed-clamped in-
fants (40).

As previously described, 
delayed clamping increases 
the newborn’s blood vol-
ume, and because 70% of 
a newborn’s body iron is 
in circulation (as hemo-
globin), the amount of iron 
provided by delayed clamp-
ing is significant (Box 3). 
During the first months af-
ter birth, as fetal red blood cells are broken down, 
the iron contained in hemoglobin is recycled and 
placed in stores. These iron stores are then used 
for the next several months for the body’s need 
for growth and blood volume expansion. For full-
term normal birth weight infants born to moth-
ers with adequate iron status and whose cords are 
not clamped immediately, birth iron stores are 
estimated to be adequate (i.e., maintain hemoglo-
bin levels and provide sufficient iron for growth) 
until roughly 6 to 8 months of age (47) (Figure 
5). However, even before factoring in the effect 

Delayed clamping does  not 
significantly increase mean 
serum bilirubin within the 
first 24 hours of life or at 72 
hours of age, or the inci-
dence of clinical jaundice at 
24 to 48 hours of age or the 
number of infants requiring 
phototherapy.
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of clamping time, birth iron stores of infants in 
developing countries are already compromised. 
In these settings, pregnant women frequently 
are anemic, and pre-term and low-birth-weight 
births are common. Though not all anemia is due 
to iron deficiency, the problem of anemia begins 
well before the end of the first year of life, often in 
the first 6 months, in almost all world regions as 
evident in (Table 2).  Iron deficiency is estimat-

ed to be the princi-
pal nutritional cause 
of anemia in young 
children, contribut-
ing to roughly 50% to 
60% of anemia cases. 
However, particular-
ly in settings where 
the infectious disease 
burden is high, other 
non-nutritional caus-
es of anemia (such 

as malaria, hookworm and other parasites, and 
general infection or inflammation) as well as oth-
er nutritional deficiencies (vitamin A, B12, B6) 
should be investigated as potential causes in ad-
dition to addressing possible iron deficiency. As 
the peak prevalence of anemia (between 6 and 23 
months of age) corresponds to an important and 
iron-sensitive period of mental and motor devel-
opment, anemia during infancy is a serious public 
health problem with long-term health, socioeco-
nomic and social implications. Mechanisms and 
evidence for the negative and perhaps irreversible 
effects of iron deficiency on development are dis-
cussed in detail in section 1.6. 

Assuming that iron plays a role in at least half 
of anemia cases during these young ages, focus-
ing attention on birth iron endowment is import-
ant. Birth iron endowment is a strong predictor 
of iron status and anemia later in infancy (48, 
49) and the high prevalence of anemia already 
evident at 6 to 9 months of age indicates that in 

Box 3. Amount of iron provided in the “placental transfusion”  
allowed by delayed clamping  

Assuming a hemoglobin concentration of 170 g/L at birth, and 3.47 mg of iron (Fe) per gram 
of hemoglobin (Hb), for a 3.2 kg infant, receiving an “average” placental transfusion (i.e., approx-
imate midpoint of the range of 24 to 35 ml/kg) would receive: 

This amount of iron is roughly equivalent to 2.7 months of infant iron requirements for a 6 to 
11 month-old infant (0.7 mg/day), (121). The range of iron transferred from a placental transfu-
sion of 25 to 35 ml/kg would be 46 to 60 mg, or 1 to 3 months of iron requirements.

3.2kg x 30 ml/kg = 96 ml blood

96 ml blood x                            x                       = 56.6 mg Fe170 g Hb
1000 ml blood

3.47 mg Fe
g Hb

As the peak prevalence of 
anemia (between 6 and 
23 months of age) corre-
sponds to an important 
and iron-sensitive period of 
mental and motor devel-
opment, anemia during 
infancy is a serious public 
health problem with long-
term health, socioeconomic 
and social implications.
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many cases, birth iron endowments are not ad-
equate in many populations. Delayed clamping, 
through its effect on birth iron endowment, is 
one strategy to improve iron status and prevent 
anemia in infancy.

The two systematic reviews previously men-
tioned (39, 40) have included the majority of 
randomized controlled trials investigating lon-
ger-term iron status outcomes as a result of cord 
clamping time. Hutton and Hassan, from their 
review of 15 controlled trials, found that a delay 
in clamping of the umbilical cord for a minimum 

of 2 minutes was beneficial for infant hematolog-
ical and iron status through 6 months of age (39). 
The benefits of delayed clamping to hematologi-
cal and iron status that were identified from this 
review included improved hematocrit (at 6 hours, 
24 to 48 hours, 5 days and 2 months of age), he-
moglobin concentration (at 7 days and in one tri-
al at 2 months of age), ferritin concentration (at 
2, 3 and 6 months of age), as well as a “clinically 
important reduction” (15%) in the risk of anemia 
(at 24 to 48 hours and 2 to 3 months of age).  Mc-
Donald et al examined both maternal and infant 

Figure 5. How long should birth iron stores last?  
An analysis by birth weight and cord clamping time

The green line indicates the estimated body iron needed to maintain adequate hemoglobin levels 
and provide for growth (i.e., the “reference” body iron needed). The grey and light green lines (solid and 
dashed) indicate the levels of body iron available for the first 12 months of life (including the birth iron 
stores and iron provided through breast milk) for 4 different scenarios of birth weight and cord clamp-
ing time (47). The intersection of each light green/gray line with the heavy green line indicates the point 
at which body iron becomes insufficient to support growth and haemoglobin concentrations.
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effects of cord clamping time and included sever-
al of the same trials as the review by Hutton and 
Hassan, unpublished data from the first author 
and several studies published since 2007 (and 
not included in Hutton and Hassan’s review). 15 
randomized controlled trials, including a total of 
3911 mother-infant pairs representing countries 
on 6 continents (North America, South Ameri-
ca, Europe, Asia, Africa and Australia) were in-
cluded. Similar results to those of Hutton and 
Hassan were shown: delayed clamping improved 
newborn hemoglobin and improved iron status 
through 6 months of life (40). The trial includ-
ed in both previously mentioned reviews with 
the longest follow-up through 6 months of age 
showed that infants whose cords were clamped 
at approximately 1.5 minutes after birth had sig-
nificantly higher iron status at 6 months of age 
than infants whose umbilical cords were clamped 
immediately (approximately 17 seconds after 
birth) (50). In this study, at 6 months of age, in 
comparison to early-clamped infants, body stor-
age iron was greater in delayed-clamped infants 
by approximately 27 mg of iron (the equivalent 
of 1.25 months of infant iron requirements). In-
fants who were at higher risk of developing iron 
deficiency during infancy—because of smaller 
birth size (birth weight between 2500 to 3000 
grams) or who were born to mothers with iron 
deficiency—derived a significantly greater benefit 
from a delay in cord clamping than those born to 
iron-replete mothers. Furthermore, infants who 
received delayed clamping also had lower blood 
lead levels, an effect due in part to improved iron 
status during infancy (51).

One of the most recent studies included in 

the Cochrane review, was conducted in Sweden 
and addresses the important question of the ef-
fect of cord clamping time on infant iron status 
in a high-income country, where levels of ane-
mia and iron deficiency are relatively low (52). 
This randomized controlled trial of 400 term in-
fants followed through 4 months of age showed 
that cord clamping time is important for iron 
status even in high income settings. Infants with 
delayed clamping (at 180 seconds or greater af-
ter delivery) as compared to infants with early 
clamping (at 10 or fewer seconds after delivery) 
had 45% greater ferritin concentrations at 4 
months of age, as well as greater hematocrit, and 
mean corpuscular volume; all other indicators 
of iron status measured favored greater iron sta-
tus in the infants with delayed clamping. Infants 
with delayed clamping were also significantly 
less likely to have iron deficiency at 4 months 
of age (0.6% vs. 5.7%) (52). Results of the cord 
clamping intervention on developmental out-
comes at 4 months of age (assessed using the 
Ages and Stages Questionnaire) and infection/
morbidity from the same study population were 
released in early 2013 (53). These results repre-
sent the only long-term assessment of develop-
ment outcomes as a function of cord clamping 
time that exists to date. There were not signifi-
cant differences in overall development scores, 
though the delayed-clamped infants did score 
significantly higher in the problem-solving do-
main, but significantly lower in the personal-so-
cial domain (however, these differences were no 
longer significant when the data were analyzed 
on a per-protocol, rather than intention-to-treat, 
basis). Symptoms of infections and other mor-



23

1. Optimal timing of umbilical cord clamping

bidity were similar between groups through 4 
months of age (53). The researchers plan to con-
tinue to follow this cohort through 12 months 
of age to continue to examine the effect of cord 
clamping time on iron status and development.

1.5 Effects of cord clamping time on 
maternal outcomes  

Fewer studies on the timing of cord clamping 
have included maternal outcomes. Research studies 
that have investigated the effects of cord clamping 
time on maternal outcomes were recently reviewed 
by McDonald et al,, which found that there were 
no significant differences by cord clamping time 
for postpartum hemorrhage (>= 500 ml) or severe 
postpartum hemorrhage (>= 1000 ml), maternal 
postpartum hemoglobin, need for blood transfu-
sion, need for manual removal of the placenta, or 
the length of the third stage of labor, though the 
number of studies was limited for several of these 
outcomes. (40).  It has been speculated that a less 
blood-filled and distended placenta may be actu-
ally easier to deliver (54, 55), perhaps contributing 
to fewer complications during the third stage of la-
bor. A less blood-filled placenta could result from 
delayed clamping or the practice of placental cord 
drainage, which involves immediately clamping 
and cutting the umbilical cord, but then immedi-
ately unclamping only the maternal side in order to 
allow the remaining placental blood to drain free-
ly. A Cochrane review published in 2011 of three 
studies (a total of 1257 women) on the effect of pla-
cental drainage on maternal outcomes showed that 
it significantly reduced the length of the third stage 
of labor and the average amount of blood loss (56). 

1.6 Infant iron status and develop-
ment: an emphasis on prevention

The negative effects of iron deficiency on 
development have been the subject of investiga-
tion for the past several decades in both animal 
models and humans. Animal models have been 
developed to more closely mimic the develop-
ment of iron deficiency in humans, and to model 
the effects of iron deficiency occurring at differ-
ent time points in development (e.g., fetal life 
through weaning), while controlling for envi-
ronmental factors that frequently complicate the 
interpretation of results in humans (57). There 
are several different mech-
anisms that have been elu-
cidated with animal mod-
els through which iron 
deficiency during infancy 
is hypothesized to nega-
tively affect development 
including myelination, 
dendritogenesis, synapto-
genesis, and neurotrans-
mission. The poorer devel-
opment of iron deficient 
infants may also be explained by a phenomenon 
known as “functional isolation”, which refers 
to a collection of behaviors displayed by iron 
deficient and anemic infants (e.g., being more 
fearful, wary, hesitant, unhappy, and tense, ex-
hibiting less pleasure and tending to be more “at-
tached” to their mothers during play (58)) which 
may contribute to their poorer development.

The interaction between nutritional and en-
vironmental factors can make the interpretation 
of results in human studies difficult, as infants 

A Cochrane review pub-
lished in 2011 on the effect 
of placental drainage on 
maternal outcomes showed 
that it significantly reduced 
the length of the third stage 
of labor and the average 
amount of blood loss.
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more commonly affected by iron deficiency and 
anemia generally are from lower socioeconomic 
groups which have characteristics that also may 
contribute to poor development: lack of stimu-
lation in the home, low maternal education and 
IQ, maternal depression, absent fathers, low 
birth weight and early weaning, parasitic in-
fections, elevated blood lead levels and general 
under-nutrition (58). However, even after con-
trolling for these differences, it has been gener-
ally found that iron deficiency anemia during 
infancy (between 6 to 24 months of age) is as-
sociated with poorer cognitive, motor, and/or 
social/emotional outcomes (57). Of even more 
concern are the results of studies that show per-
sistent developmental deficiencies in anemic or 
chronically iron deficient infants who received 
treatment to correct the deficiency and/or ane-
mia. In some studies, effects remain even more 
than 10 years after treatment (59). A follow-up 
study published in 2006 of a cohort of Costa Ri-
can adolescents who had been tested for iron de-
ficiency anemia as infants and children, showed 
that at 19 years of age, middle-socioeconomic 
status participants who had chronic iron defi-
ciency as infants and received treatment scored 
on average 9 points lower on cognitive testing 
than their peers of similar socioeconomic status 
who had not suffered from iron deficiency ane-
mia (60). For low socioeconomic status young 
adults, the difference in cognitive test scores 
associated with iron deficiency anemia during 
infancy was nearly tripled to 25 points, indi-
cating the compounded negative effect of low-
er-socioeconomic status and iron deficiency on 
development. The lasting effect of iron deficien-

cy anemia during infancy was such that young 
adults of middle socioeconomic status with low 
iron status in infancy had test scores that were 
not different from the test scores of young adults 
of low socioeconomic status who had adequate 
iron status. Thus, preventing iron deficiency 
anemia during infancy may ensure that all chil-
dren are able to optimize the education that they 
are provided. 

Similarly, one study of 6-month old infants 
showed slower conduction times for auditory 
brainstem responses in infants with iron deficien-
cy anemia, as compared to normal controls, sug-
gesting that myelination may have been altered in 
the infants suffering from iron deficiency anemia 
(61). Of particular concern was that during the 
year of follow-up in the original study, and even 
4 years later (62), the originally anemic infants 
did not catch up to the control infants even after 
treatment to correct the anemia. 

From these studies it appears that treatment 
for an already established deficiency of iron may 
not be sufficient to prevent the negative and 
long-term effects of iron deficiency anemia on 
development, thus emphasizing the need for 
interventions aimed at preventing the develop-
ment of iron deficiency. In addition, in light of 
findings over the past decade of potential neg-
ative effects of iron supplementation on mor-
bidity and growth in particular subgroups of 
children (e.g., infants with adequate iron status 
(63)), interventions such as delayed clamping 
that help to maintain adequate iron status, are of 
particular importance.
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Skin-to-skin contact between the mother and 
her infant after delivery (i.e., placing the naked in-
fant, prone, on the mother’s bare chest, and cov-
ering both with a warm blanket soon after birth) 
assists in the adaptation of the newborn to life out-
side of the womb. The practice promotes immedi-
ate breastfeeding as it takes advantage of an infant’s 
early alertness and innate behaviors to latch on to 
the breast within the first hour of life often without 
particular assistance (64, 65). Because of the impor-

tance of early exclusive breastfeeding for neonatal 
survival and later breastfeeding outcomes (which 
will be discussed in section 3), environments and 
practices that allow early exclusive breastfeeding 
to occur are essential. Routine newborn care prac-
tices such as bathing and measuring the newborn 
may negatively affect early contact between mother 
and infant (66) and initiation of breastfeeding (67), 
as continuous uninterrupted skin-to-skin contact 
has been shown to improve the success of the first 

2. Mother and newborn skin-to-skin contact

Recommendation for practice
After delivery1 and thoroughly drying the 

infant, place the reactive newborn directly on 
the mother’s abdomen, prone, with the new-
born’s skin touching the mother’s skin (80). 
While the mother’s skin will help regulate the 
infant’s temperature, cover the infant’s back 
and the mother’s chest with a warm, dry cloth 
and cover the infant’s head with a cap or cloth 
to prevent heat-loss. After clamping the cord, 
the infant may be placed on the mother’s chest, 
with the infant’s skin touching the mother’s skin and still covered with a cloth or blanket to keep the in-
fant warm. As much as possible, keep mother and infant in this position for at least the first hour of life, 
delaying any routine procedures, and providing frequent supervision to ensure that the infant is breath-
ing well and that there are no complications, particularly for first-time mothers. Skin-to-skin contact 
does not have to be limited to the delivery room but should be practiced as frequently as possible during 
the first days of life, if the mother so desires.

1 Infants born by cesarean section can also receive early skin-to-skin contact with their mothers, including in the operating 
room. See Box 4 for a more detailed discussion of adjustments that may need to be made to support early initiation of skin-
to-skin after cesarean delivery. Low birth weight and premature infants may need to undergo a period of stabilization (of 
feeding, breathing and temperature) prior to initiation of skin-to-skin as part of “kangaroo mother care” (a discussion of the 
benefits of kangaroo mother care is provided in Box 5).
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Box 4. Promoting and supporting early skin-to-skin contact and early 
initiation of exclusive breastfeeding after cesarean delivery   

After cesarean delivery it is common for mother and baby to be monitored for several hours in sepa-
rate rooms, preventing maternal-infant contact and early breastfeeding, as well as increasing the potential 
for supplementation with formula. In many cases hospital routines and staffing assignments following 
cesarean section deliveries may need to be adjusted to allow for more immediate skin-to-skin contact and 
initiation of breastfeeding. Suggestions to promote early skin-to-skin contact and initiation of breastfeed-
ing after cesarean delivery are outlined below:
•	 Eliminate routine observation of a well-newborn in a special care nursery after cesarean delivery 

while mother is in post-operative recovery (122). Mothers who deliver under regional anesthesia 
should be able to respond to their infants immediately. Frequently there is a perceived need for the 
infant to be placed under a warmer while the mother is in post-operative recovery, as infants born 
by cesarean have lower body temperatures than infants born vaginally (122). However, as one of the 
many benefits of skin-to-skin contact is temperature regulation of the infant, concerns about newborn 
temperature should not prevent skin-to-skin contact between the well-newborn and mother as soon as 
possible after cesarean delivery.

•	 Explore different staffing models, particularly for nurses, which make providing support for skin-to-skin 
contact in the operating room easier. In the experience of one large teaching hospital that increased the rate of 
early skin-to-skin contact in the operating room after cesarean from 20% to 68%, improving breastfeeding initia-
tion rates and decreasing formula use, it was easier for the nursery charge nurse to remain in the operating room 
with the mother and newborn to provide support for skin-to-skin contact , rather than call the nursery admit 
nurse (who was responsible for multiple infants, including sick newborns) to provide such support (123). Anoth-
er staffing possibility is that a midwife be present in the operating room to assist with the newborn and provide 
support for skin-to-skin contact , while the labor and delivery nurse continues to provide care for the mother.

•	 Address the spatial set-up in the operating room and identify tasks that that may need to be done to 
support skin-to-skin contact. Staff may need to assist the mother by moving the surgical drape to below 
the mother’s breasts, adjusting her gown taking care with the placement of her IV, removing ties from 
mother’s arms, moving equipment to allow more room for skin-to-skin contact support, and positioning 
the infant to allow easier monitoring by nursing staff (123).

•	 Delay routine newborn procedures (e.g., bathing and measuring) so that well-newborns can be with 
their mothers for as much time as possible after birth. Similar to vaginal deliveries, routine procedures that 
disrupt initial mother-infant contact should be delayed as much as possible. 

•	 Develop and implement flexible policies that allow for mothers and infants to be together as much 
as possible after cesarean delivery. 

•	 Establish open and clear communication prior to delivery between the patient and the medical team as to 
the desire for skin-to-skin contact after cesarean. Mothers may not know that skin-to-skin contact after deliv-
ery is a possibility, and may not be empowered to ask for their infant after delivery if it is routine for the infant 
to be taken to the nursery immediately. Informing mothers and their partners of the benefits of skin-to-skin 
contact and the possibility for skin-to-skin contact after cesarean should be done prenatally. Health care staff 
should discuss with the mother (and her partner) her preference for skin-to-skin contact prior to delivery so that 
all members of the medical team are aware and can facilitate and support the process as much as possible.
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breastfeed (64). Cesarean-section delivery can be 
an impediment to early skin-to-skin contact in 
many settings (and also a potential barrier to early 
initiation of breastfeeding); a discussion of ways to 
promote skin-to-skin contact after cesarean deliv-
ery is provided in Box 4. 

Skin-to-skin contact also provides additional 
short- and long-term benefits independent of the 
establishment of breastfeeding.  Although skin-to-
skin contact originally gained exposure through it’s 
role in temperature regulation of low birth weight 
infants as part of “Kangaroo mother care”(68) (dis-
cussed in Box 5, as kangaroo mother care is gener-
ally not implemented immediately after delivery), 
skin-to-skin contact is beneficial for term infants as 
well,  because of positive effects on breastfeeding, 
infant temperature regulation, prevention of mor-
bidity and mortality, and maternal-infant bonding, 
all essential components of neonatal survival. 

2.1 Short- and long-term effects of 
skin-to-skin contact for mothers and 
late-pre-term and full-term infants

For near-term and full-term infants, one of the 
most significant advantages to beginning skin-to-
skin contact in the immediate postpartum peri-

od is helping to establish 
breastfeeding. Skin-to-skin 
contact during the first hour 
after birth elicits organized 
“prefeeding behavior” in 
which the infant first begins 
spontaneous sucking and 
rooting movements and 
then localizes the breast, 
attaches to the nipple and begins to suckle (69, 
70). The website www.breastcrawl.org provides a 
striking video of how a newborn infant finds his 
mother’s breast and initiates breastfeeding soon af-
ter birth. A randomized controlled study published 
in 2007 found that infants who were placed in ear-
ly skin-to-skin contact with their mother starting 
in the first minute post-birth and remaining in 
contact for on average one and a half hours, had 
significantly more successful breastfeeding scores 
for the first latch (p = 0.02) and a shorter time to 
begin effective breastfeeding (p = 0.04) than in-
fants who had been swaddled in blankets and held 
by their mother following standard hospital care 
procedures (71). A prospective cohort study pub-
lished in 2010 that examined close to 22,000 moth-
er-infant pairs found that the odds ratio of exclu-

Skin-to-skin contact is ben-
eficial because of positive 
effects on breastfeeding, 
infant temperature regula-
tion, prevention of mor-
bidity and mortality, and 
maternal-infant bonding, 
all essential components of 
neonatal survival. 

Table 3. Summary of immediate and long-term effects  
of early mother to newborn skin-to-skin contact for full-term infants

Immediate effects Long-term effects

Full-term infants Mother Full-term infants Mother
Improves effectiveness of first breastfeed 

and reduces time to effective suckling

Improves cardio-respiratory stabilitya

May help with thermoregulation of infant

May slightly improve maternal 

affectionate and attachment 

behaviors 

Decreases maternal breast 

engorgement pain 

Positively associated 

with breastfeeding 

status at 1 to 4 months 

postpartum and a 

longer breastfeeding 

duration

May improve maternal-infant 

attachment/interaction 

May be associated with 

decreased risk of postpartum 

depression 

a  Late pre-term infants.
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sively breastfeeding during the maternity stay in 
the hospital increased in a dose-response fashion 
with increased time spent in skin-to-skin contact 
in the first 3 hours of birth (72). Since breastmilk 
production is determined by how frequently the 
infant suckles and empties the breast, early, fre-
quent and effective nursing is important for both 
establishing milk production and preventing ex-
cess neonatal weight loss (73). “Insufficient milk” 
and newborn weight loss are very common rea-
sons for abandoning breastfeeding or supplement-
ing breastmilk with formula or other liquids. Early 
supplementation with formula or other liquids re-
duces the frequency of suckling and thus sets up a 
potentially vicious cycle where supplementation is 
continually increased because of decreased breast 
milk production. Therefore, by improving initial 
breastfeeding outcomes, early skin-to-skin contact 
can potentially affect long-term breastfeeding out-
comes as well. A Cochrane review updated in 2012 
examined the effects of early skin-to-skin contact 
(i.e., contact initiated between the mother and in-
fant soon after birth) as compared to “standard” 
contact (infants either swaddled or dressed and 
held by their mothers, and in several cases separat-
ed physically from their mothers) on longer-term 
breastfeeding outcomes (74). This review of 34 
randomized controlled trials, including a total of 
2177 mother-infant pairs, showed that mother-in-
fant pairs experiencing skin-to-skin contact in the 
neonatal period were more likely to be breastfeed-
ing at 1 to 4 months of age, and more likely to be 
exclusively breastfeeding between 3 and 6 months 
of age (74). Whether additional skin-to-skin con-
tact during the newborn period (i.e., during the 
first days or weeks of life) also affects breastfeeding 

outcomes remains to be assessed.  Other outcomes 
were more difficult to interpret due to a low num-
ber of studies examining the outcome, variability 
in how the outcome was measured, or variation in 
practices applied to the intervention and control 
groups. The authors of the Cochrane review con-
cluded that there appeared to be a small effect of 
early skin-to-skin on maternal-infant attachment 
(65, 74). Closely linked to maternal-infant interac-
tions and attachment, research published in 2012 
found that skin-to-skin contact may positively af-
fect maternal mood during the postpartum period: 
a quasi-randomized controlled study published in 
2012 found that mothers of full-term infants who 
practiced at least 5 hours of skin-to-skin contact 
with their infant for the first week of life and at least 
2 hours per day for the rest of the first month, had 
significantly lower depressive symptoms scores at 
1 week and 1 month postpartum than mothers 
who did not practice skin-to-skin contact during 
this period (75). Other benefits identified in the 
Cochrane review include better cardio-respirato-
ry stability in late pre-term infants and a shorter 
length of time crying as compared to infants not in 
skin-to-skin contact with their mothers (74).

In individual studies, early skin-to-skin contact 
has also been shown to provide benefits to both 
the mother and infant independent of its role in 
establishing breastfeeding. Thermal control is an 
essential component of preventing neonatal mor-
bidity (4) and skin-to-skin contact provides an in-
expensive, safe and effective method for maintain-
ing newborn temperature. Though the Cochrane 
review found variability in the results across tri-
als, skin-to-skin contact has been shown in in-
dividual trials to be as effective as incubator care 
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for re-warming of hypothermic infants (76) and 
infants placed in skin-to-skin contact with their 
mother were significantly warmer than infants 
placed in cots (77), likely because of the thermal re-
sponse of maternal skin temperature (mediated by 

oxytocin) (65) in reaction to skin-to-skin contact 
with her infant (78). Mothers with skin-to-skin 
contact also reported decreased breast engorge-
ment pain at 3 days postpartum in one trial (79). 

Box 5. Short- and long-term effects of skin-to-skin contact as part  
of kangaroo mother care for mothers and pre-term infants 

Skin-to-skin contact between a mother and her infant is the main component of “kangaroo 
mother care”, a set of practices first described in Colombia in the late 1970s for the care of low 
birth weight infants in low-resource settings where incubators and other technology were scarce 
(68). In addition to skin-to-skin contact—generally beginning after a period of stabilization of 
the low birth weight infant around 24 hours after birth when feeding, respiration, and tempera-
ture have been stabilized — kangaroo mother care as it is originally defined also included early 
and exclusive (or nearly exclusive) breastfeeding, and early discharge from the hospital with 
strict follow-up (http://fundacioncanguro.co/).1

A Cochrane Review updated in 2011 which evaluated the effects of kangaroo mother care on 
morbidity and mortality in low birth weight infants included 16 randomized controlled trials (a total 
of 2518 infants) (124). The majority of the trials reviewed implemented intermittent kangaroo moth-
er care in stabilized low birth weight infants in low- or middle- income countries, though there was 
significant variability in the duration and initiation time of the interventions. The review showed that 
compared to conventional neonatal care, kangaroo mother care was associated with a significant re-
duction in mortality at hospital discharge, at 40 to 41 weeks postmenstrual age, and at latest follow-up 
(~50%). Kangaroo mother care  was also associated with a significant reduction (at discharge or at 40 
to 41 weeks postmenstrual age) in nosocomial infection/sepsis, hypothermia, and length of hospital 
stay. At latest or 6 months follow up, kangaroo mother care was also associated with a decreased risk 
of severe infection/sepsis, severe illness and lower respiratory tract infection. Infants receiving kan-
garoo mother care gained more weight per day, and length and head circumference per week than 
infants receiving conventional care. Breastfeeding outcomes were also positively influenced by kanga-
roo mother care: compared to infants receiving conventional care, infants receiving kangaroo mother 
care were more likely to be breastfeeding (at all) or exclusively breastfeeding at discharge, at 40 to 41 
weeks postmenstrual age and at 1 to 3 months follow-up. There was also some evidence in a limited 
number of studies that kangaroo mother care improved maternal-infant attachment and interaction, 
improved the home environment and possibly involvement of the father. Overall, the authors con-
cluded that there was sufficient evidence to recommend kangaroo mother care as an alternative for 
conventional care for stabilized low birth weight infants in low- to middle-income countries (124).

1 Different types of kangaroo mother care have evolved which may alter the duration (continuous or intermittent) or timing of initiation 
of skin-to-skin contact (before or after stabilization) or the mode of feeding (124). 
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The importance of breastfeeding for infant 
nutrition and the prevention of infant morbidity 
and mortality as well as the prevention of long-
term chronic diseases are well established, and 
thus breastfeeding is an essential component of 
infant and child survival and health programs. 
The impact of breastfeeding on neonatal and 
child survival was quantified in 2003 through 
an analysis of mortality data from 42 countries 
which contributed 90% of worldwide child 
deaths in 2000 (81). Of the interventions stud-

ied, it was estimated that exclusive breastfeeding 
for the first 6 months followed with continued 
breastfeeding from 6 to 11 months of age was the 
single most effective intervention for preventing 
child mortality, estimated to prevent 13% of all 
under-5 deaths (Table 4). Therefore, establish-
ing breastfeeding immediately after delivery 
(i.e., within the first hour after birth) is crucial 
for survival. Early breastfeeding is also related to 
long-term breastfeeding behaviors and breast-
feeding has been associated with many addi-

3. Early initiation of exclusive breastfeeding

Recommendation for practice
After delivery, routine new-

born care procedures that sepa-
rate mother and baby should be 
delayed for at least the first hour 
to allow mother and newborn to 
be in uninterrupted skin-to-skin 
contact to encourage and promote 
initiation of breastfeeding within 
the first hour (80). Trained assis-
tance should be offered to mothers 
for the first and subsequent breast-
feeds if necessary to ensure that the infant is adequately latched to the breast and suckling effectively. 
Assistance should be provided in a supportive and appropriate manner, being sensitive to the mother’s 
desire for modesty and privacy, and making adjustments for greatest comfort of mothers who have de-
livered by cesarean. Mothers should be encouraged to breastfeed frequently and should be allowed unre-
stricted access to their infant through rooming-in in maternity wards. Practices shown to be detrimental 
to breastfeeding should be avoided (e.g., separation of mother and newborn, use of pre-lacteal feeds or 
other non breastmilk liquids, and use of bottles or pacifiers). 
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tional positive long-term nutrition and health 
outcomes for both mother and infant (82).

3.1 Immediate effects of early and 
exclusive breastfeeding

Early initiation and exclusivity are two import-
ant and related parts of establishing the protective 

effect of breastfeeding against neonatal morbidity 
and mortality. Beginning breastfeeding imme-
diately ensures that the newborn receives colos-
trum, often referred to as the infant’s “first immu-
nization”, because of its rich content of important 
immune factors (both secretory and cell-me-
diated), anti-microbial and anti-inflammatory 

Table 4. Under-5 deaths that could be prevented in the 42 countries with 
90% of worldwide child deaths in 2000 through achievement of universal 

coverage with individual interventions

Reprinted with permission from Elsevier (Jones G, Steketee RW, Black RE, Bhutta ZA, Morris
SS, Bellagio Child Survival Study Group. How many child deaths can we prevent this year? The Lancet 2003;362:65- 71.)
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agents, and Vitamin A, all important for imme-
diate and long-term protection from infections. 
Human milk as the exclusive and sterile food for 
the newborn also prevents the introduction of 
disease-causing pathogens through contaminated 
liquids (including the water used to make formu-
la as well as the powdered formula itself) or foods. 
Feeding other liquids or solids not only provides 
a potential route of entry for pathogens, but also 
causes gastrointestinal damage, making their en-
try into the infant’s body easier. Contamination 
of powdered infant formula with Enterobacter 
sakazakii and other bacteria has been associated 
with reports of neonatal death (due to systemic 
invasive infections), and is a particular concern 
for pre-term and low birth weight infants who 
are more susceptible to the infections caused by 
these organisms (e.g., necrotizing enterocolitis, 
septicemia, and meningitis) (83). As an example 

of the impressive impact that exclusive and early 
breastfeeding can have on neonatal mortality and 
morbidity, a study from Ghana published in 2006 
estimated that early initiation of breastfeeding 
could reduce all-cause neonatal mortality by 22% 
and newborns fed breast milk exclusively were 
four times less likely to die (84). In another study 
from a rural area of The Gambia, use of pre-lac-
teal feeds was associated with a 3.4 times high-
er odds of neonatal death (85). Finally, exclusive 
breastfeeding also prevents clinical and sub-clin-
ical gastrointestinal blood loss, caused by mixed 
feeding (particularly the use of cow’s milk), which 
can negatively impact infant nutritional status, 
especially iron status. As iron is generally not lost 
from the body except through bleeding, damage 
to the intestine from mixed feeding causing blood 
loss can contribute to poorer nutritional status. 

Immediate breastfeeding is also beneficial for 

Table 5. Summary of immediate and long-term effects  
of breastfeeding for mother and infant 

Immediate effects * Long-term effects

Infant Mother Infant Mother
Prevents neonatal and infant 

morbidity and mortality 

Early breastfeeding associated 

with longer breastfeeding 

duration during infancy 

Early exclusive breastfeeding 

associated with exclusive 

breastfeeding later in infancy

Stimulates oxytocin release 

causing uterine contractions

Possibly protective of mater-

nal mood

Decreases risk of:

– Acute otitis media

– Non-specific gastroenteritis

– Hospitalization for severe lower 

respiratory-tract infections

– Atopic dermatitis

– Obesity

– Type 1 and 2 diabetes

– Childhood Leukemia

– Sudden Infant Death Syndrome

– Necrotizing entercolitis

Improved motor  

development 

Lactational amenorrhea helps 

to delay future pregnancies and 

protects maternal iron status 

Decreases risk of:

– Type 2 diabetes,

– Ovarian cancer

– Breast cancer

More rapid weight loss

*Immediate benefits from early initiation of exclusive breastfeeding. 
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the mother, as early suckling stimulates endog-
enous oxytocin release (86), inducing uterine 
contraction (87), which may reduce maternal 
bleeding. Uterine atony is the primary cause of 
postpartum hemorrhage, which in turn is the 
main cause of maternal mortality worldwide, 
contributing to 25% of maternal deaths (88).

Not breastfeeding, or stopping breastfeeding 
early also appears to be associated with postpar-
tum depression (89), although further research 
is needed to better establish the temporal nature 
of this relationship. There is some evidence that 
breastfeeding may be protective of maternal mood, 
through its effects on reducing maternal stress and 
attenuating the inflammatory response, which is 
hypothesized to be involved in the pathogenesis of 
depression (90). There is also some evidence that 
women suffering from depression may have low-
er confidence in their ability to breastfeed (91). 
Although mental health issues have received rela-
tively little attention as public health priorities, par-
ticularly in developing countries the relationship 
between breastfeeding and postpartum depression 
should not be overlooked as some studies have 
shown that postpartum depression may have neg-
ative effects on infant growth, nutrition and devel-
opment (92). Additional research is needed.

3.2 Long-term effects of breastfeeding
Early breastfeeding behaviors also help to 

establish longer-term breastfeeding patterns. 
Early exclusive breastfeeding has been associat-
ed with exclusive breastfeeding later in infancy 
(93) and the time of the first breastfeed has been 
shown to positively relate to the overall duration 

of breastfeeding (94-96). Maintaining exclusive 
breastfeeding for 6 months followed by contin-
ued breastfeeding until the child is two-years-
old or beyond as recommended by WHO (97), 
has obvious health and nutritional benefits for 
the infant for continued 
prevention of disease, and 
provision of adequate nu-
trition. A history of being 
breastfed has been as-
sociated with decreased 
risk of acute otitis media, 
non-specific gastroenteri-
tis, hospitalization for 
severe lower respiratory 
tract infections, atopic dermatitis, asthma in 
young children, obesity, type 1 and 2 diabetes, 
childhood leukemia, sudden infant death syn-
drome, and necrotizing enterocolitis (89).

For the mother, establishment of breast-
feeding and continued frequent on-demand 
nursing of the infant helps to delay future preg-
nancies through lactational amenorrhea. Lac-
tational amenorrhea can have benefits for the 
mother’s nutritional status, particularly with 
regard to iron, as it prevents iron loss through 
menstrual bleeding. A longer lifetime duration 
of breastfeeding has also been associated with 
long-term maternal health outcomes, including 
a decreased risk for type 2 diabetes and ovarian 
and breast cancer (89). Exclusive breastfeeding 
also accelerates pregnancy weight loss, which 
with increasing rates of overweight and obesity 
among women of reproductive age in the devel-
oping world, could be a considerable benefit. 

A longer lifetime dura-
tion of breastfeeding has 
also been associated with 
long-term maternal health 
outcomes, including a 
decreased risk for type 2 
diabetes and ovarian and 
breast cancer.
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Care during pregnancy, delivery and the post-
partum period involves two individuals whose 
health and nutrition are tightly linked; thus, in 
making recommendations for delivery care prac-
tices, the relative benefit of each practice to both 
short- and long-term outcomes of both mother 
and infant should be assessed. On the practical 
side, recommendations that are primarily direct-
ed at the care of one half of the dyad (e.g., active 
management of the third stage of labor for the 
mother) should be consistent with practices rec-
ommended for the other half (e.g., resuscitation 
for the newborn) so that there is not a conflict 

in how to approach the 
care of both in an integrat-
ed manner and to allow 
feasible implementation. 
Most importantly, these 
recommendations should 
be based on the best lev-
el of scientific evidence 
available. Practices that 

have become routine or were implemented out 
of convenience but are not supported by scientif-
ic evidence—as is the case with immediate cord 
clamping—should be identified and discouraged, 
and replaced with evidence-based practices. 

WHO, since 2007, has adopted a transparent 
process for guideline development that takes 

into account current best evidence, revising 
guidelines as new scientific evidence becomes 
available (98). As an example, between 2007 and 
2012, the guidelines for active management of 
the third stage of labor for prevention of post-
partum hemorrhage were revised at least two 
times to take into account new data. In 2007, in 
response to the accumulating evidence as to the 
benefit of delayed clamping for infant outcomes, 
and a lack of evidence—physiological or clini-
cal—as to the role of early clamping for the pre-
vention of uterine atony, revisions were made to 
the protocol for active management of the third 
stage of labor to remove early clamping as part 
of the recommended package (99). In 2012, the 
guidelines were once again revised in response 
to additional data on the benefit of controlled 
cord traction as part of the active management of 
the third stage of labor package (8). Controlled 
cord traction, which has been found to not sig-
nificantly impact the incidence of postpartum 
hemorrhage (100), has now become an optional 
component (see Box 1 for additional discussion 
of current active management of the third stage 
of labor guidelines and their evolution). On the 
newborn side, as an example of the need to take 
into account the multiple different activities 
occurring in the perinatal period, neonatal re-
suscitation guidelines (both of WHO and other 

4. Integration of essential delivery care practices 
within maternal and newborn health services

Revised WHO Guidelines 
for the active management 
of the third stage of labor 
for prevention of postpar-
tum hemorrhage include 
delayed cord clamping.
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internationally recognized normative bodies) 
until 2011 did not mention how clamping of the 
cord should be addressed if a newborn needs as-
sistance with respiration after delivery. Revised 
guidelines do allow for delayed clamping, which 
is consistent with the active management of the 
third stage of labor recommendations (101). (See 
Box 2 for a more detailed discussion of neonatal 
resuscitation and cord clamping.) 

Panel 1 presents a proposed sequence of steps 
that integrates active management of the third 
stage of labor, delayed clamping, maternal-new-
born skin-to-skin contact and immediate initia-
tion of exclusive breastfeeding, which should be 
considered for all infants (Panel 1). Adaptations 
for application in cesarean delivery have been 
noted, as well as integration with newborn re-
suscitation. This is a proposed framework of the 
basic order and integration of steps, but addition-
al adaptations may need to be made according 
to differences in delivery settings  (e.g., position 
of the mother during delivery) and care provid-
ers (e.g., number of personnel assisting with the 
delivery, skill level of individuals) and prevalent 
cultural practices. Though we anticipate that 
these practices can be feasibly integrated in most 
delivery settings, additional operational research 
questions arise that will help to refine the imple-
mentation of these practices (Appendix 1). In ad-
dition, as discussed throughout these documents, 
it is important to emphasize that these practices 
are not just limited to vaginally-delivered infants, 
or just full-term infants. Delayed clamping is rec-
ommended for pre-term infants (8, 9), and can 
be practiced after cesarean delivery. Skin-to-skin 
contact and breastfeeding are essential compo-

nents of postpartum care, and can also be imple-
mented after cesarean delivery.

4.1 Contextual considerations: cur-
rent health facility and domiciliary 
delivery care practices

While deliveries occurring in health facilities 
have the obvious benefit to both the mother and 
infant of immediate access to skilled care, un-
fortunately not all current hospital practices are 
evidence-based, nor of benefit to the mother or 
infant. As health facility deliveries continue to 
increase—Figure 6 provides a global overview 
of the percentage of deliveries delivered in health 
facilities from most recent Demographic and 
Health Survey data (as of March 2013)—it will be 
imperative to address the particular practices that 
may be detrimental to maternal and newborn 
health and identify ways to help institute prac-
tices that are evidence informed. For example, 
there are numerous examples of hospital practic-
es documented as interfering with the establish-
ment of breastfeeding, in particular the hospital 
practice of giving glucose water or infant formu-
la in a bottle. Separation of the mother and her 
newborn has also been shown to be detrimental 
to the establishment of breastfeeding for first time 
mothers (102). In addition, health care providers 
are frequently not sufficiently trained to support 
and assist with the establishment of breastfeed-
ing. While the Baby-Friendly Hospital Initiative 
(BFHI) implemented by WHO and UNICEF in 
the early 1990s addressed hospital practices det-
rimental to breastfeeding and helped improve 
training of health workers in breastfeeding sup-
port, there has unfortunately been no monitoring 



Beyond survival: Integrated delivery care practices for long-term maternal and infant nutrition, health and development

36

Panel 1. Integration of essential steps for maternal, 
neonatal and infant survival, health and nutrition

1. After delivery, immediately dry the infant. Then 
place the reactive infant, prone, on the mother’s lower 
abdomen. Keep the infant covered with a dry cloth or 
towel to prevent heat loss

For C-section deliveries: Immediately dry the infant, 
and place the infant, covered, on the mother’s thighs 
(or a surface level or slightly lower than the placenta) 
while waiting to clamp the cord. If there is a need to 
attend to the infant that cannot be addressed while 
the cord is intact, umbilical cord milking (“stripping” 
the cord from the placental end towards the infant 5 
times) may be employed to allow a partial placental 
transfusion to occur in a shorter time period. 
If the infant is pale, limp, or not breathing and re-
quires resuscitative efforts: steps can be performed 
while the cord is intact, and the infant is at the level 
of the perineum to allow optimal blood flow and oxy-
genation (as shown below).

Early cord clamping may be necessary if immediate 
attention cannot be provided without clamping and 
cutting the cord, or if the provider is not experienced in 
performing resuscitation with the cord intact.

(Continued)
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3. After cord pulsations have ceased and the cord 
is flat (no earlier than 1 minute, and optimally 3 
minutes or more after delivery), clamp and cut the 
cord following strict hygienic techniques. 

2. Provide 10 IU of oxytocin (intramuscularly or intra-
venously) soon after delivery.

For C-section deliveries: Oxytocin is also the recom-
mended uterotonic drug.

WAIT !                                    OK !

(Continued)

Panel 1. (Continued).
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4. Place the infant directly on the mother’s chest, 
prone, with the newborn’s skin touching the mother’s 
skin. While the mother’s skin will help regulate the in-
fant’s temperature, cover both the mother and infant 
with a dry, warm cloth or towel to prevent heat loss. 
Cover the baby’s head with a cap or cloth.

5. If desired by the mother and care provider, deliver 
the placenta by controlled cord traction on the umbil-
ical cord and counter-pressure to the uterus. Other-
wise, wait for signs of placental separation (e.g., gush 
of blood, uterine contraction, lengthening of the 
cord, visualization of the placenta in the vagina) and 
then encourage the mother to cough or push.

For C-section deliveries: Adjustments may need to 
be made to the surgical drape and mother’s gown to 
support initiation of skin-to-skin initiation in the op-
erating room. Additional staffing support may need 
to be provided.

For C-section deliveries: Controlled traction is the 
recommended method (as opposed to manual re-
moval) for removal of the placenta.

Panel 1. (Continued).

(Continued)
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7. Aim to delay routine procedures (e.g. weighing, 
bathing) for at least the first hour so that mother and 
baby can be together in uninterrupted skin-to-skin 
contact and begin breastfeeding. Provide frequent 
observation by medical staff, and if desired, offer to 
assist the mother with the first breastfeed, being sen-
sitive to her need for modesty. 

6. During recovery, palpate the uterus through the ab-
domen every 15 minutes for two hours to make sure it 
is firm and monitor the amount of vaginal bleeding.

Panel 1. (Continued).
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of BFHI certification, nor a renewed public health 
investment in this area (103). 

As for cord clamping practices, though more 
recent data are lacking, policies and practices may 
need to catch up to what current guidelines recom-
mend. A survey of practices employed in third stage 
management in Europe published in 2007 reported 
that 68% to 90% of delivery units in Belgium, France, 
Ireland, Italy, the Netherlands, Portugal, Spain, Swit-
zerland and the United Kingdom had policies of 
immediate cord clamping (104). An earlier study 

of 15 university-based obstetrical care centers in 
10 countries (from North and South America, Af-
rica, Asia, and Europe) found similar variability in 
practices between and within countries, however 
on average early clamping was practiced 79% of the 
time (105). A comprehensive overview of surveys of 
delivery care practices during the third stage of la-
bor in health care facilities conducted between 1999 
and 2008 revealed that in both developed and de-
veloping countries, early clamping tended to be the 
standard practice (Figure 7). These surveys—most 

Figure 7. Percentage of deliveries from individual surveys  
in which early cord clamping* is observed or self-reported

*Early cord clamping variably defined as: < 1 minute, < 20 seconds or “immediately”
Notes on sources: 
Albania: Observed data from Tirana (125);
Bangladesh, El Salvador, Ethiopia, Ghana, Guatemala, Honduras, Indonesia, Nicaragua, Tanzania: Observed data from 
multiple sites in each country (126); 
China (Chengdu), Colombia (Bogota), India (Nagpur, Trivandrum, Vellore, New Delhi), Indonesia (Semarang), Philip-
pines (Manila), Thailand (Khon Kaen, Bangkok), UK (Dublin), USA (Philadelphia), Zimbabwe (Harare): Observed data 
from teaching hospitals in cities identified in each country (105);
Egypt (Cairo): Observed data (127);
UK (obstetricians) and UK (midwives): Self-completed questionnaire on usual practices (114);
USA (midwives): Self-completed questionnaire on usual practices (128).
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of which covered multiple sites and facilities—also 
show that practices, at least before 2008, were not 
consistent within or between countries, nor even 
between practitioners in the same country or same 
facility. Whether there have been significant chang-
es in practices since 2007 when active management 
guidelines were revised has not yet been evaluated. 

Domiciliary births can also include infant 
care practices that place at risk both the estab-
lishment of early and exclusive breastfeeding as 
well as temperature control of the newborn. Al-
though customs vary by region, detrimental care 
practices commonly observed in home delivery 
settings in developing countries include: the use 
of prelacteal feeds (106-109); delaying the initi-
ation of breastfeeding for hours or days (110); 
early bathing of the baby (< 6 h after birth) (109, 
111) which decreases newborn temperature 
(112) and may remove the vernix, (a cream-like 
white substance present on the skin of the infant 
at birth shown to have antimicrobial properties) 
(113); not feeding or discarding colostrum; or 
placement of the baby on the ground rather than 
in contact with the mother (often without dry-
ing) until the placenta is delivered (110). Several 
studies have shown that mothers delivering at 
home were more likely to use pre-lacteal feeds 
for their infants (106-108) and less likely to ex-
clusively breastfeed later in infancy (106) than 
mothers delivering in health facilities. There ap-
pear to be no published studies on cord clamp-
ing practices in home deliveries and while de-
layed clamping is thought to be practiced more 
frequently in this setting, this assumption is pri-
marily based on anecdotal reports. 

4.2 Steps for achieving universal im-
plementation of an integrated set of 
delivery care practices

While establishment (and continual update) 
of normative guidelines and recommendations 
at a global level is a crucial step towards imple-
mentation of evidence-based practices, what 
occurs in reality (as described above) frequently 
does not reflect “current best evidence”.  Prac-
tices inconsistent with recommendations may 
occur for a variety of reasons. Lack of knowl-
edge on the part of practitioners as to the cur-
rent best evidence, either through an inability 
to access this knowledge, or to understand and 
interpret the scientific literature may be one sig-
nificant barrier. One of the more recent surveys 
on cord clamping practices, conducted among 
midwives and obstetricians in the United King-
dom in 2008, showed that the most frequent 
request for additional evidence to guide third-
stage management was in regards to the timing 
of cord clamping (114). Another survey of prac-
titioners found that among those who continued 
to practice early clamping (in pre-term birth 
specifically), lack of knowledge of the benefits of 
delayed clamping was the most frequent justifi-
cation for their practice (115). Thus, one of the 
most important (and challenging) tasks of evi-
dence-informed guideline development has to 
be dissemination. When recommendations are 
updated as a result of new evidence, there also 
needs to be an effective process for ensuring that 
global norms are reflected in national policies 
and norms and ultimately that practices “on the 
ground” reflect these updates. Ways to support 
practitioners in obtaining access to guidelines 
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and scientific literature and how to interpret re-
search results are also needed.

However, knowledge of evidence informed 
practices is necessary, but not sufficient, to en-
sure translation into appropriate interventions. 
As an example, a survey of thermal control prac-
tices by health professionals across 7 different 
countries showed that even though two-thirds 
to three-quarters of the health professionals 
surveyed possessed adequate knowledge about 
thermal regulation, care practices employed 
were consistently inadequate (116). A quali-
tative study that investigated the reasons that 
practicing physicians did not always adopt ev-
idence-based perinatal care practices in Latin 
America identified lack of access to scientific in-
formation or an inability to understand the sci-
entific literature, but also lack of time or physical 
resources, attitudes by health practitioners that 
resist change as well as conflicting clinical guide-
lines and policies (117). Although this study ad-
dressed health care practitioners practicing in 
hospitals in Latin America, it is likely that sim-
ilar barriers exist in other regions. Understand-
ing barriers to change beyond insufficient access 
to evidence informed guidelines will be essential 
in developing effective and sustainable imple-
mentation strategies.  

Providing hands-on training as well as hos-
pital- or community- level policies and supervi-
sion to support and reinforce these practices are 
also needed. Strategies to increase the number 
of deliveries attended to in primary-level health 
centers by skilled providers, or providing skilled 
attendance to domiciliary deliveries, will ensure 

greater coverage of deliveries with “skilled” care, 
but may not ensure better quality of care nor 
improved health and nutrition outcomes if pro-
viders do not possess and implement the correct 
and needed skills. Identifying deficiencies and 
implementing policies and training (in-service 
and pre-service) to address these deficiencies 
will help to establish appropriate, integrated 
and evidence-based care practices such as the 
ones described in this document as the standard 
of care, and eliminate practices that have been 
shown to be detrimental or of no benefit to ma-
ternal or infant health. 

The process of translating evidence-in-
formed recommendations into practice is chal-
lenging. Translating the integrated set of deliv-
ery care practices advocated in this document to 
the standard practice of care can benefit from an 
assessment and analysis of national and local sit-
uations with respect to current practices as well 
as current barriers to change. Such an assess-
ment should include the review of protocols and 
guidelines, the observation of actual practices, 
and qualitative research to identify the most im-
portant barriers to change among different de-
livery care providers. Most countries implement 
some actions related to active management of 
third stage labor and breastfeeding promotion. 
Little information, however, is available on tim-
ing of cord clamping though anecdotal reports 
and limited data suggest it is more likely to be 
immediate rather than delayed. Also, even when 
national protocols and/or guidelines for delayed 
clamping exist, information on the extent to 
which they are followed is not available. Infor-
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mation on the practice of immediate and contin-
ued skin-to-skin contact is also scarce. Although 
many hospitals practice rooming-in, this usually 
begins later than the critical first hour after birth, 
after the newborn has been bathed by nursing 
staff and examined by medical staff. Also, the 
infant is often dressed and wrapped when final-
ly placed in contact with the mother, thus pre-
venting skin-to-skin contact. Documentation of 
current practices and barriers together with an 
analysis outlining the benefits of adopting the 
new integrated set of care practices is import-
ant for the development of a plan to implement 
the necessary changes in clinical practice and to 
organize delivery care services to facilitate their 
application. An implementation plan could ben-
efit from the incorporation of several strategies 
that address significant barriers to adopting evi-
dence-informed care practices as outlined below.

4.2.1 Increasing access to guidelines and 
the scientific information supporting evi-
dence-based practices 

Knowledge of current guidelines and the ev-
idence base for these practices, as provided in 
this document, is necessary and should underlie 

teachings in all medical/
nursing school curricu-
la, clinical practice, and 
public health policy.  An 
effective and coordinated 
process for ensuring that 
curricula taught to nursing 
and medical students are 
regularly updated to reflect 
current best evidence and 

internationally recommended guidelines (e.g., 
WHO) would be ideal. As part of these curricula 
updates, providing a basic understanding to stu-
dents about scientific literature (e.g., standards 
for judging scientific research, different types of 
research designs, how to interpret results) and 
the process for developing evidence informed 
guidelines (e.g., systematic reviews, strength of 
recommendations) would be useful. A lack of 
understanding that guidelines and the practice 
of medicine are dynamic and should be adjust-
ed as new evidence is gathered has been identi-
fied as a barrier to changing medical practices 
in some settings (117). While access to freely 
available online resources for maternal and in-
fant care practices (such as the sources listed in 
the Additional	 Resources	 and	Websites sec-
tion of this document) may always be out of 
reach to a portion of the population because of 
financial, language, and other barriers, inter-
net access is becoming increasingly available 
in many settings. Thus less traditional meth-
ods of increasing access to scientific evidence 
should be explored, for example, e-learning 
methods which can incorporate more interac-
tive and visual components. Professional so-
cieties of midwives, nurses and physicians are 
also mechanisms for providing up to date evi-
dence-informed information to members. So-
ciety meetings and newsletters should be used 
as conduits for providing new information to 
“on the ground” practitioners. The Latin Amer-
ican and Caribbean Neonatal Alliance (http://
www.alianzaneonatal.org/eng/) is an example 
of an effective mechanism to disseminate new 
evidence for implementation.

Knowledge of current 
guidelines and the ev-
idence-base for these 
practices is necessary and 
should underlie teachings 
in all medical/nursing 
school curricula, clinical 
practice, and public health 
policy. 
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4.2.2 Addressing the skills needed to imple-
ment the recommended practices

A significant barrier to changes in practice 
that has been documented in other settings is 
the lack of adequate skills to employ the new 
practices or techniques. Fortunately, for the 
practices recommended in this document, the 
skills required are not “new” (except perhaps 
for skin-to-skin contact) nor highly technical. 
However, tightly associated with the process of 
acquiring new skills, which contributes to re-
sistance to change, is the fear of the unfamiliar, 
in terms of both performing the new technique 
and its potential “unknown” outcome. Lacking 
any previous personal experience with which 
to guide them, practitioners may fear employ-
ing the technique itself, as well as any potential 
negative outcomes they could see as resulting 
from the new practice (and the repercussions 
from supervisors and peers if negative outcomes 
result from employing “non-standard” practic-
es). Thus appropriate training materials, which 
address how to deliver each practice, why each 
practice is important, and answer concerns and 
questions related to implementation (e.g., risk of 
neonatal polycythemia with delayed clamping) 
are essential. Identifying individuals who are re-
spected practitioners and have an interest in im-
proving practices, and can become champions of 
these practices (both to disseminate the scien-
tific evidence behind them, and to demonstrate 
and mentor in the “know how” and needed skills 
to perform them) may help to ease some of the 
fear associated with learning and implementing 
new techniques. 

4.2.3 Organization of delivery care services 
Implementation of the essential delivery 

care practices can be greatly facilitated by the 
physical organization of delivery care services, 
particularly in settings with a high volume of 
births where delivery rooms need to be turned 
over quickly and space tends to be scarce. Ide-
ally, a mother would stay in the delivery room 
in skin-to-skin contact with her newborn infant 
for at least the first hour after giving birth. (See 
Box 4 for a discussion on adjustments to sup-
port skin-to-skin contact 
after cesarean delivery). 
This room may provide 
the most privacy as well as 
prevent disruption during 
the critical period when 
the newborn is alert and 
awake and most likely to 
initiate breastfeeding with 
little or no assistance. If 
this is not possible, skin-to-skin contact should 
be initiated in the delivery room and the mother 
and infant covered with a sheet or blanket while 
they are moved to a recovery room or the gen-
eral maternity ward. Care should be taken to 
make this transition as easy as possible for the 
mother and infant and that, when moved, a bed 
is immediately available. Staff organization (par-
ticularly of nurses) and responsibilities may also 
need to be adjusted to allow for support to be 
provided for skin-to-skin contact or initiating 
breastfeeding initially in the delivery room (or 
operating room, in the case of cesarean section 
deliveries). Revitalizing and expanding the Baby 
Friendly Hospital Initiative and including the 

Appropriate training mate-
rials, which address how to 
deliver each practice, why 
each practice is important, 
and answer concerns and 
questions related to imple-
mentation are essential. 
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care practices advocated in this document can 
serve as a catalyst for their implementation as 
well as the organization of services to facilitate 
their achievement.  

4.2.4. Establishment and communication of 
regional, national and local (hospital and 
community level) policies and guidelines 
for implementation of the recommended 
practices 

Establishing the “why” and “how” behind 
the recommended practices will be an essential 
step for their implementation, but to ensure that 
this knowledge is translated into appropriate 
interventions, it needs to be implemented into 
national, regional and local policies for delivery 
care. These policies, in turn, need to be widely 
and consistently disseminated, monitored, and 
enforced at a local level with appropriate super-
vision. While national or regional policies and 
guidelines will not be sufficient alone to ensure 
implementation at the individual level, they are 
an important first step for permitting a new 
practice that can lead to changing both current 
and future practices. They provide a basis for 
the teaching of evidence-informed practices in 
medical curricula, and also may reduce some 
of the fear associated with implementation of 
new techniques felt by practicing physicians. 
This is particularly important in light of revi-
sions in the WHO Recommendations for the 
Prevention of Postpartum Hemorrhage and for 
Newborn Resuscitation (both revised in 2012), 
which call for delayed clamping (8, 9) in contrast 
to previously established and widely dissemi-
nated guidelines for postpartum hemorrhage 

calling for early clamping. Previously, neonatal 
resuscitation guidelines did not mention when 
to clamp the cord with respect to resuscitation 
steps. These revised WHO recommendations 
to delay clamping require translation into in-
ternational and national professional guidelines 
and policies, academic textbooks and training 
materials, and the standard of practice for clin-
ical care. As conflicting or unclear clinical pol-
icies and norms can be a significant barrier to 
implementation of change, it is important that 
revised norms at the regional, national and lo-
cal level take into account the integrated nature 
of delivery care practices, so that one practice 
is not implemented for benefit of the mother at 
the loss of a beneficial practice for the infant, or 
vice versa. As evidenced in this document, be-
cause of the linked nature of maternal and neo-
natal health, perinatal care practices frequently 
affect both parts of the mother-infant dyad. To 
improve public health indicators of maternal 
and infant wellbeing, such change needs to oc-
cur on a widespread level. In the absence of a 
well-orchestrated concerted effort at regional, 
national, and local levels, this can take years, 
even decades, to occur. At the local or hospital 
level, it will be important to identify particu-
lar individuals—role models or “opinion lead-
ers”—who can motivate and remind current 
practitioners to continue implementing the rec-
ommended practices, and also effectively and 
consistently communicate hospital policy to any 
new additions to the maternity service. This will 
be particularly important in teaching hospital 
settings, where there is frequent rotation of stu-
dents, interns and residents, who are learning by 
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observing the practices of practicing physicians 
and nurses. However, it has been noted that new 
practitioners—residents, for example—are more 
amenable to change and adopting new practices 
than practitioners who have been practicing for 
longer periods of time, who may have more in-
grained habits and greater resistance to change 
(117). So despite having frequent rotation of 
staff, teaching hospitals could be more readily 
amenable to change than other hospitals.

4.2.5 Advocacy and synchronization with 
other maternal and neonatal care efforts

Advocacy, based on the scientific evidence, to 
raise awareness and knowledge among import-
ant stakeholders is an essential part of the pro-
cess for implementing change. Continuous ad-
vocacy is necessary to engage stakeholders and 
decision-makers at many levels to initiate and 
maintain the process of implementation. For the 
practices outlined in this document, critical ini-
tial stakeholders include international, regional, 
and national professional associations of obstet-
rics and gynecology, pediatrics, neonatology, 
midwifery and nursing and leading academic 
scholars in these fields. Obtaining the support 
and enthusiasm of these associations and schol-
ars is necessary to initiate the implementation 
process and to give visibility to the integrated 
care practices being advocated. These associ-
ations and scholars are usually responsible for 
initiating new and revised protocols and guide-
lines for clinical practice (or adopting those of 
other normative bodies), the content of medical 
journals and the updating medical texts, teach-
ing new professionals, and providing in-service 

training (Box 6). The Ministry of Health, as the 
lead normative institution in most countries, 
also has a key role to play. 

Advocacy among pregnant women is also 
essential. In many settings, pregnant women 
may have little to no input as to the delivery care 
practices that are employed in their care, even 
if those practices are overly aggressive medical-
ly, or of no benefit (or even of potential harm) 
to their own or their infant’s health. Increasing 
women’s knowledge of the importance of appro-
priate care practices for their own health and 
that of their newborn will help to form a critical 
mass of beneficiaries that lobby for the institu-
tionalization of these practices during delivery. 
In addition, providing them with the knowledge 
of the importance of the correct care practic-
es, ideally beginning in 
prenatal care, will help to 
ensure not only a smooth-
er implementation of the 
new practices (as they will 
have a better idea of what 
to expect during delivery) 
but also create a demand 
for their implementation.

Ideally, to increase the 
impact and coverage of the 
recommended practices 
and avoid duplication of 
efforts, the implementa-
tion and advocacy of the practices outlined in 
this document should be harmonized and co-
ordinated with the efforts of already established 
global initiatives for improving maternal and 
neonatal health (e.g., Saving Newborn Lives, 

To increase the impact 
and coverage of the rec-
ommended practices and 
avoid duplication of efforts, 
the implementation and 
advocacy of the practices 
should be harmonized and 
coordinated with the efforts 
of already established glob-
al initiatives for improving 
maternal and neonatal 
health. 
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Maternal to Child Health Program, Partner-
ship for Maternal, Newborn and Child Health). 
As evident by the names of these initiatives, the 
extent to which each initiative addresses both 
maternal and neonatal care practices and health 
outcomes varies. The combination of practices 
recommended in this document is unique in 
that it crosses the divide between “maternal” 
and “neonatal” care, thus truly contributing to 
the goal of a “continuum of care” for mothers 
and infants. In addition, the evidence of short- 

and long-term impact of each of these practices 
for both mother and infant reinforces the im-
portance of analyzing care practices in the con-
text of the mother-infant dyad, rather than the 
mother and newborn separately. The combined 
practices outlined in this document should be 
integrated among other prenatal, perinatal and 
postnatal care practices currently being advo-
cated by these initiatives (e.g., prenatal immu-
nizations, prevention of neonatal asphyxia and 
sepsis and postpartum hemorrhage).

Box 6. Actions needed to ensure implementation of the essential delivery 
care practices  

•	 Develop	advocacy	materials.		These	materials	could	include	information	on	the	recommend-
ed practices and their evidence base, the prevalence of anemia in infants and young children, 
the relationship between anemia and cognitive development, WHO recommendations, current 
norms, guidelines, and protocols with respect to timing of cord clamping and proposed changes.

•	 Develop	short	teaching	videos	of	both	vaginal	and	caesarean	deliveries	to	document	how	the	
three practices are choreographed and integrated.  

•	 Maintain	global	and	regional	data	bases	and	copies	of	norms	and	policies	related	to	delayed	
clamping, skin-to-skin contact and earlier initiation of breastfeeding to share with countries con-
sidering such policies.

•	 Identify	hospitals	that	routinely	use	these	practices	and	that	can	serve	as	national	and	regional	
“reference and teaching” hospitals which other professionals can visit to learn more about how 
to implement them. 

•	 Revise	and	update	national	and	professional	protocols.
•	 Revise	and	update	information	in	medical,	nursing,	and	midwifery	textbooks.
•	 Conduct	in-service	training	on	recommended	practices.
•	 Include	sessions	on	the	recommended	practices	in	professional	conferences	of	obstetrics,	pedi-

atrics, neonatology, midwifery, and nursing.    
•	 Publish	lay	articles	on	the	importance	of	the	recommended	practices	in	newspapers	and	wom-

en’s magazines.
•	 Expand	implementation	of	the	Baby	Friendly	Hospital	Initiative	and	reassessment	of	certified	

hospitals.
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4.2.6 Monitoring and evaluation 
The implementation of the recommend-

ed practices needs to be monitored and rigor-
ously evaluated in order to determine whether 
the implementation of practices succeeds and 
is continued for the long-term. As most facili-
ties already maintain medical records, facilities 
should consider revising medical record forms 
and/or delivery room registers to require re-
cording the timing of cord clamping, the tim-
ing of initiation of skin-to-skin contact, and if 
not already done, the timing of the initiation of 
breastfeeding. These process indicators will al-
low for regular assessments of how practitioners 
are doing in terms of the implementation of 
these practices, and identify areas and skills 
that need to be improved or require additional 
training or motivation. Facilities may also want 
to monitor “impact” outcomes that are affected 
by cord clamping time or skin-to-skin contact 
and early initiation of breastfeeding (e.g., hemo-
globin concentration during infancy, or rates of 
exclusive breastfeeding at hospital discharge or 
at postpartum follow-up visits), but these out-
comes may require different monitoring systems 
that are not already in place. The results from 
these monitoring systems should be regular-
ly assessed and communicated at the hospital, 
national and regional level to the appropriate 
stakeholders. Communicating results at the na-
tional or regional level will be important for de-
termining where changes or modifications need 
to be made in the implementation process, and 
which practices are more challenging to imple-
ment and may need additional support or differ-
ent strategies. Individual practitioners will want 

to know whether the effort that they have made 
in changing their practices is having an effect 
and thus communication of local and national 
results will be important. 

 
4.2.7 Scaling up implementation of delayed 
cord clamping, skin-to-skin contact and early 
initiation of breastfeeding  

Interventions in public health, even when effi-
cacious, like those advocated in this document, are 
often difficult to bring to scale. An integrated and 
practical “AIDED” framework of scale-up, likely to 
be applicable to a wide range of public health inter-
ventions in low and middle-income countries was 
recently developed by a team of researchers from 
Yale University. This framework can also be useful-
ly applied to delayed cord clamping, skin-to-skin 
contact and early initiation of breastfeeding (118) 
as it was recently applied for national breastfeeding 
programs (119). It includes five non-linear, interre-
lated components to assess the landscape, innovate 
to fit user receptivity, develop support, engage user 
groups, and devolve efforts for spreading innova-
tion, as described below. 

The assess component refers to the assess-
ment of all the factors within a region, country or 
setting where the scale up is proposed to occur. 
This assessment can include political, econom-
ic, legal/regulatory, technological (if applicable) 
and social conditions. Thus, for the nutrition 
delivery care practices it means that national 
norms have been established and guidelines de-
veloped for their implementation.

The innovate component is aimed at achiev-
ing a “fit” between the innovation—in this case, 
the recommended practices—and user group. 
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Thus it involves packaging the innovation to 
make it acceptable and perceived as advanta-
geous by potential user groups in their specific 
context or environment. In this case, the user 
group includes obstetricians, midwives, and 
other health professionals that assist deliveries as 
well as pediatricians and other staff who care for 
the infant. Both pediatricians and obstetricians 
are sometimes opposed to the practice because 
of concerns about possible adverse effects in the 
neonate or mother.  

In the develop component, enabling relation-
ships, environments, and networks need to be 
fostered among those who can support and fa-
cilitate the spread of the innovation (practices). 
In the case of the nutrition delivery care inter-
ventions, the early adopting by well-respected 
influential senior health professionals is key to 
the develop component. It could also involve 
incorporation of the practices into curricula of 
medical schools and teaching hospitals.  

Engagement is central for introducing the in-
novation (practices) from outside the user group 
to inside the user group. It involves translating the 
innovation so that user groups can assimilate the 
new information and integrate it into their routine 
practices, thus making it a normative practice.  

The devolve component involves the initial 
groups of users spreading the innovation (prac-
tices) among their peers and within their net-
works, thus ensuring that the process of change 
is driven by the user groups and their networks 
rather than by an external stakeholder such as 
the Ministry of Health.  

Thus, as outlined in the AIDED framework, 
scale-up occurs within a complex adaptive sys-
tem, which includes interdependent parts, mul-
tiple feedback loops and more than one path for 
achieving intended outcomes. This framework is 
likely to be useful to bring the evidence-informed 
practices advocated in this document to scale. 
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As infant mortality declines in the developing world, it becomes increasingly concentrated in the 
neonatal period. Within the neonatal period, the first 24 hours after delivery can account for up to 
45% of all infant and maternal deaths. The essential delivery care practices for maternal and newborn 
health and nutrition advocated in this document are preventive of neonatal morbidity and mortality 
and may also be protective of mothers. However, the evidence-base for their benefits goes well beyond 
survival and demonstrates long-term effects on maternal health and on infant health, nutrition and 
cognitive development. Unlike many lifesaving and changing interventions, their implementation im-
plies no recurring costs. Once established as the standard practice of care, millions of mothers and 
newborns will reap their benefits.

5. Conclusions



Beyond survival: Integrated delivery care practices for long-term maternal and infant nutrition, health and development

52

Appendix 1. Research questions regarding the implementation  
and integration of these practices

Does cord clamping time affect neurodevelopmental outcomes in pre-term/low birth 
weight infants and full-term infants?

As of early 2013, only one study has examined the long-term neurodevelopment as affect-
ed by cord clamping time in pre-term and low birth weight infants (37). In pre-term and low 
birth weight infants, delayed cord clamping has been shown to affect hematological status in 
the short-term, as well as prevent intraventricular hemorrhage and sepsis in pre-term and 
low birth weight infants. All of these outcomes, along with premature birth itself, have been 
shown to be associated with long-term development outcomes, and further research should 
be performed to further elucidate the importance of cord clamping time on development in 
this vulnerable group.

In full-term infants, there is one published study on developmental outcomes as related to 
cord clamping time (53), which did not show significant differences in development between 
cord clamping groups, though research has shown significant effects on iron status through 6 
months of age in both low-income and higher-income settings which could potentially affect 
development. Additional research is needed, particularly in low-income settings where the 
risk of poorer development outcomes is greater. 

What are the effects of cord clamping time on small-for-gestational age infants?
While the safety and benefits of delayed cord clamping in adequate-for-gestation age infants 

[both term (41, 129) and pre-term (27, 36, 130)] are relatively well established, the short and 
long-term effects of delayed clamping in small-for-gestational age infants have not been spe-
cifically investigated. Small-for-gestational age infants account for approximately 24% of births 
in developing countries (131). There is good evidence that in small-for-gestational age infants, 
iron status is compromised (132) and they have an increased risk of developing anaemia com-
pared to infants born appropriate-for-gestational-age because of their more rapid growth rate. 
Small-for-gestational age infants may also be at greater risk of polycythemia-hyperviscosity 
syndrome (due to chronic hypoxemia in utero); however, in developing countries (where ma-
ternal anemia is high and cord hemoglobin tends to be low) the baseline risk for polycythe-
mia-hyperviscosity syndrome is likely to be lower among small-for-gestational age infants than 
in industrialized countries and thus the potential benefits to iron status may outweigh the risks 
(133). It is likely that in already-completed trials of term infants, small-for-gestational age in-
fants have been included, and a potential subgroup analysis could be completed.

(Continued).
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What is the optimal timing of oxytocin administration relative to delayed cord clamping?
Current WHO guidelines revised in 2012 recommend administration of oxytocin to the 

mother for prevention of postpartum hemorrhage “soon after delivery” (8): International 
Federation of Gynecology and Obstetrics guidelines recommend waiting 1 minute before 
administration of oxytocin to the mother (134, 135). While no negative effects are anticipat-
ed, it has not been investigated whether waiting to clamp the cord following administration 
of oxytocin immediately after the infant’s delivery would have effects on the infant. Similarly, 
whether the timing of oxytocin administration alters its effectiveness on preventing maternal 
bleeding has not been well examined.

Do depressed infants who are resuscitated with the cord intact demonstrate better out-
comes than depressed infants who are resuscitated after clamping and cutting the cord? 
What are the issues surrounding the feasibility of resuscitation with the cord intact and 
what interventions are needed to help implement delayed cord clamping and neonatal re-
suscitation simultaneously?

WHO’s guidelines on neonatal resuscitation released in 2012 recommend that the cord be 
clamped and cut if an infant is found to need positive-pressure ventilation and there is not ex-
perience in performing resuscitation while the cord is still intact (9). The guideline development 
group noted that this was a weak recommendation based on the lack of any evidence of the ef-
fect of cord clamping time on depressed infants who are resuscitated, and the concern that most 
care-providers will not be familiar with initiating resuscitation with the cord intact. Early cord 
clamping in a depressed neonate will cause lower blood volume, and assuming the placenta has 
not separated, will eliminate a potential source of oxygen to the infant. In many cases, the set-up 
of the delivery room and the access to neonatal resuscitation equipment may impede this process, 
and strategies for combining both resuscitation and delayed cord clamping should be investigated 
(including the use of mobile resuscitation trolleys, such as the BASICS trolley). In addition, as-
sessing whether outcomes are indeed better when resuscitation is performed with the cord intact 
may also be useful in helping promote the implementation of both practices simultaneously.

What is the effect of delayed cord clamping vs umbilical cord milking during cesarean 
delivery? Do infants who receive umbilical cord milking following cesarean section have 
similar long-term outcomes (hematological, iron status and development) to those who 
receive delayed cord clamping? Which practice is more feasibly performed by physicians? 

Few studies have analyzed the effect of delayed cord clamping in cesarean delivery as 
compared to vaginal deliveries, for either term or pre-term infants. In Latin America, ce-

Appendix 1. (Continued).
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searean delivery accounts for as much or more than half of births in some settings. De-
layed cord clamping can be practiced in cesarean delivery; a study that showed that placental 
transfusion did occur with delayed clamping in cesarean deliveries (evident by the increased 
hemoglobin and hematocrit in the hours after birth as compared to immediate clamping), 
placed the infants on their mother’s laps and clamped the cord at 3 minutes after delivery 
(24). Farrar and colleagues also found no difference in the amount of placental transfusion 
for infants born vaginally vs. those born by cesarean section (16). However, no studies have 
investigated long-term effects of delayed clamping on iron or hematological status in infants 
born by cesarean delivery specifically. Another practice to investigate within the context of 
cesarean delivery, where there may be hesitation to wait 2 to 3 minutes to clamp the cord, 
is umbilical cord milking. A study published in 2012 showed that milking the cord 5 times 
before clamping after cesarean delivery was feasible, safe and effective at raising hematocrit 
and hemoglobin at 36 to 48 hours of age (26).Whether this practice has the same long-term 
effects as delayed clamping remains to be established.

What is the effect of positioning the infant in skin-to-skin contact on the speed of pla-
cental transfusion? 

While it has been assumed that within 10 cm above or below the level of the placenta, the 
rate of placental transfusion is not affected, this is the result of work conducted in the 1960s 
determining how gravity affects placental transfusion, which has not been replicated or fur-
ther assessed. Recent data indicate that an infant placed in skin-to-skin contact with his/
her mother may experience a slightly slower placental transfusion, needing approximately 5 
minutes to receive a full transfusion, as opposed to the 2 to 3 minutes usually recommended 
to allow for a full placental transfusion (22). Thus additional work to determine the optimal 
timing of cord clamping when the infant is placed in skin-to-skin contact is needed.

What are current delivery care practices and norms in facilities and home births? Are 
updated guidelines for active management of the third stage of labor and newborn resusci-
tation being followed and regularly practiced?

Since 2007, there have been fairly extensive revisions to international guidelines for ac-
tive management of the third stage of labor and newborn resuscitation. A review of whether 
hospital policies and practices reflect these newly recommended practices, as well as an as-
sessment of current practices observed in different delivery settings (both facility and domi-
ciliary, and for different types of care providers) for not only cord clamping time but skin-to-
skin contact and breastfeeding initiation is needed.

Appendix 1. (Continued).
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What is the feasibility of immediate skin-to-skin contact after cesarean delivery and 
what are equally-beneficial alternatives?

Immediate skin-to-skin contact after cesarean section for a well-newborn is possible and 
safe, though cesarean section has been identified as a frequent barrier to implementing ear-
ly skin-to-skin contact and breastfeeding (122, 123). Strategies and multi-faceted interven-
tions to improve the feasibility of implementing skin-to-skin contact (or equally beneficial 
alternatives) have not been well investigated. In situations where skin-to-skin contact af-
ter cesarean is not possible (e.g., mother received general anesthesia or requires significant 
post-operative care), one study has investigated the benefits of father-to-newborn skin-to-
skin contact as a possible alternative after cesarean delivery, showing both decreased crying 
time, and improved pre-feeding behaviors (136). The acceptability of this option in different 
settings should be evaluated.

What are the barriers to adoption of the recommended practices?
Additional data on the barriers preventing the adoption of evidence based perinatal care 

practices in specific regions and cultures, particular settings (facilities vs. home births, teach-
ing hospitals vs. public hospitals) and different care providers (obstetricians vs. midwives 
vs. skilled birth attendants) are necessary in order to develop implementation materials and 
multifaceted interventions and target advocacy efforts appropriately.  

What are effective strategies to implement evidence-based care practices? How can these 
strategies be implemented at wide levels and sustained?

There are obviously many more essential delivery care practices than those addressed 
in this document (e.g., clean cord care, neonatal resuscitation, immunizations). Assessing 
and documenting how best to integrate the combination of practices discussed here with 
other prenatal and postnatal care practices for both mother and infant will be essential. In 
addition, identifying appropriate behavior change strategies that can be applied widely to 
improve uptake of these recommended practices is needed.

Are there special considerations for implementation into domiciliary deliveries?
The limited data available on delivery care practices in domiciliary deliveries, and the 

special considerations for implementation of the recommended practices in this setting (e.g., 
training of skilled birth attendants, adaptation of traditional or cultural practices, limited 
resources) makes this an important area of research.

Appendix 1. (Continued).
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Appendix 2. Are there exceptions to the recommended practices? 
Frequently asked questions 

There are very few exceptions in which delayed umbilical cord clamping, early skin-
to-skin contact and initiation of exclusive breastfeeding should not be practiced. A few 
common situations in which the application of one or more of the recommended practices 
may be questioned are discussed below.

Delayed umbilical cord clamping and…
…cesarean section.
Delayed cord clamping can be performed after cesarean delivery. In studies in which in-

fants born by cesarean section were included, infants were dried and wrapped, and placed on 
a surface level with the placenta (between the mother’s legs), or slightly above (on the moth-
ers thighs) while waiting to clamp the cord. There are limited studies on the use of umbilical 
cord milking as a (faster) alternative to delayed cord clamping in cesarean deliveries, though 
the limited data on short-term outcomes have shown that umbilical cord milking may be an 
equally good intervention to provide placental transfusion to the infant.

…the depressed or asphyxiated infant.
If the infant is pale, limp, or not breathing, one can perform resuscitative measures for 

the infant at the level of the perineum (e.g., with the infant between the mother’s legs) to al-
low optimal blood flow and oxygenation (120). Adequate blood volume is necessary for the 
establishment of respiration, as the pulmonary circulation requires an increase from 8% to 
12% of the fetal cardiac output to 40% to 50% of the newborn cardiac output (137). Imme-
diately clamping the cord of a depressed neonate deprives the infant of his/her only blood 
and oxygen source. It is important to note that most infants (more than 90%) respond to 
the initial steps of resuscitation, including drying and stimulation. A smaller percentage, 
less than 10%, require active resuscitative interventions to establish regular respirations, and 
approximately half of those infants will respond without further active resuscitative efforts 
(11). It is possible to conduct “positive-pressure” ventilation with mask and bag, or even a 
full resuscitation with intubation without severing the infant’s umbilical cord (10); however 
most care providers will not be familiar with such a technique and may not have access to 
the needed equipment (which is usually placed in a separate area of the delivery room) thus 
necessitating immediate cord clamping. WHO guidelines for newborn resuscitation recom-

(Continued).
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mend that if the care-provider is experienced in providing resuscitation measures with the 
cord intact, then the care-provider may do so (9). However, in cases of severe asphyxia where 
the cord is flat or pulseless upon delivery (indicating a lack of placental-fetal circulation), 
immediate cord clamping is indicated so that immediate resuscitative measures can be taken. 

…nuchal cord.
The appropriate timing of umbilical cord clamping when the cord is wrapped around the 

newborn’s neck (i.e., nuchal cord) is still controversial. However, increasing evidence indicates 
that clamping the cord before the infant is delivered may be harmful, increasing the risk of 
hypovolemia, anemia, cerebral palsy and possibly death (138). Nuchal cord combined with 
the compression of the cord during uterine contractions will compromise fetal blood volume. 
Cord clamping before delivery may lead to fetal hypovolemia, by preventing the equilibration 
of placental-fetal circulation after delivery. It is recommended that the integrity of the nuchal 
cord be maintained as much as possible, by slipping the cord over the infant’s head or shoulders 
(when allowed by the tightness of the cord) or employing the “somersault maneuver” (139).

…diabetic mothers.
Infants of diabetic mothers may be at increased risk of developing polycythemia because of 

compromised oxygen delivery during gestation resulting in a higher hematocrit at birth. How-
ever, the beneficial effects of delayed clamping for birth iron stores (which have been shown to 
be frequently compromised in newborns of diabetic mothers (140)) and thus long-term iron 
status (141) may outweigh any potential negative effects of an increased neonatal hematocrit. 

… Rhesus-sensitization of the mother.
While feto-maternal transfusion may occur during labor and delivery, there is also ev-

idence that microchimerism (both maternal and fetal) occurs during gestation (as early as 
the first trimester) (142-144). It is unlikely that the timing of cord clamping would affect the 
transfer of fetal cells to the mother or maternal cells to the infant. It has been suggested that 
delayed cord clamping, by decreasing the volume of placental blood “trapped” in the placen-
ta may actually decrease the possibility of feto-maternal transfusion. A study that compared 
the effect of different methods for managing delivery of the placenta on feto-maternal trans-
fusion showed that clamping at the end of the cord pulsations followed by placental drainage, 
caused the lowest degree of feto-maternal transfusion in comparison to early clamping or 
early clamping followed by placental drainage (145).
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…mother-to-child transmission of HIV.
Whether the practice of delayed cord clamping increases the risk of mother-to-child HIV 

transmission is not known. However, there is no biological evidence that allowing an equil-
ibration of placental blood (i.e., blood that has been in circulation between the placenta and 
fetus during gestation) between the placenta and the infant by waiting to clamp the umbilical 
cord would increase the transfer of a blood-borne virus (either HIV or other viruses) to the 
newborn. When the placenta separates, the integrity of the syncytiotrophoblast and the fetal 
endothelium may become compromised allowing transfer of the virus; however, placental 
separation would not likely occur before the recommended time of cord clamping (approx-
imately 3 minutes after delivery). However, to reduce the possibility of HIV transmission at 
delivery, it is essential that contact between maternal blood (e.g., blood from maternal tear-
ing or lacerations) and the newborn be avoided.

…obtaining cord blood gas measurements.
Blood gas analysis from umbilical cord vessels is used to ascertain intrapartum fetal phys-

iology, and exclude the possibility of fetal hypoxia or asphyxia during the birth process. The 
standards for blood gas analysis are relative to immediate cord clamping, and the recom-
mended technique is to double clamp the cord immediately after delivery and obtain a sam-
ple from the umbilical artery (and vein) from the clamped segment. Few studies have mea-
sured blood gas measurements after delayed clamping, and the results are somewhat mixed 
as to whether delayed cord clamping has an effect on blood gas analysis  that would affect its 
interpretation (146). Andersson and colleagues however proposed a modified technique that 
allows for sampling from the umbilical artery immediately after birth from an unclamped 
cord to also allow for placental transfusion (146).

The proportion of valid paired arterial-venous samples obtained in the delayed-clamped 
group was similar to the proportion in the early-clamped group, and the blood gas parame-
ters were not significantly different between groups with the exception of PaO2 (which was 
higher in the delayed-clamped infants, possibly due to continued placental circulation in the 
these infants when the samples were drawn)(146).

…obtaining cord blood for banking.
Delayed cord clamping will result in a smaller placental residual blood volume, on the 

order of approximately 30 to 45 ml for a newborn of roughly 3 kg, as compared to roughly 
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100 ml for the same infant if the cord is clamped immediately. According to one cord blood 
bank’s collection guidelines, approximately 45 ml of cord blood is the minimum needed 
(147). Thus delayed clamping and cord blood collection in most cases will not be compatible 
practices. Pediatrics and obstetrics organizations (e.g., American Academy of Pediatrics, and 
the International Federation of Gynecologists and Obstetricians) have policy statements that 
advise against altering the timing of cord clamping for the benefit of cord blood collection, 
particularly in settings where the risk of anemia is high (148, 149).

Breastfeeding and…
…the HIV-positive mother.
In settings where national authorities have decided that the maternal and child health ser-

vices will principally promote and support breastfeeding and antiretroviral interventions as 
the strategy that will most likely give infants born to mothers known to be HIV-infected the 
greatest chance of HIV-free survival, it is recommended that mothers known to be HIV-in-
fected (and whose infants are HIV-uninfected or of unknown HIV status) should exclusively 
breastfeed their infants for the first 6 months of life, introducing appropriate complementary 
foods thereafter, and continue breastfeeding for the first 12 months of life. Breastfeeding 
should then only stop once a nutritionally adequate and safe diet without breast milk can be 
provided (150).

Skin-to-skin contact and…
… the HIV-positive mother.
If a HIV-positive mother has decided not to breastfeed, skin-to-skin contact should still 

be encouraged for its beneficial effects apart from helping to establish early breastfeeding. 
Contact between maternal blood and the newborn should be avoided.

…cesarean section.
Skin-to-skin contact after cesarean delivery is feasible and safe for most mothers and 

well-newborns. For a discussion on how to promote and support skin-to-skin contact after 
a cesarean delivery, see Box 4.

…early sudden unexpected death in infancy.
In the past several years, there have been case reports of “early sudden unexpected death 

in infancy”, (also knows as early neonatal sudden death, or early sudden infant death syn-

Appendix 2. (Continued).

(Continued).
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drome) which is generally defined as sudden, unexplained death usually during the first 
2 to 4 hours of birth after uneventful pregnancies/deliveries. A review published in 2013 
identified 132 cases published in the scientific literature from 1985 to 2012; in most cases, 
a cause of death was not identified, though upper airway obstruction was hypothesized in 
several (151). Six of the 15 publications describing these cases identified skin-to-skin contact 
as an apparent risk factor. Other risk factors included infants in the prone position (5 of 15 
publications), primiparous mothers (5 of 15 publications) and lack of observation by trained 
medical staff of the mother and infant (3 of 15 publications). The authors concluded that 
because skin-to-skin contact has benefits to the mother and infant, that the practice should 
not be reconsidered due to the rare association with these events; rather, “safe skin-to-skin” 
practices, which include regular observation and support for skin-to-skin and initiation of 
breastfeeding by trained staff, particularly for first time mothers during the immediate post-
partum, should be recommended (151).

Appendix 2. (Continued).
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In addition to the references listed above, the following websites may provide additional informa-
tion on the topics discussed in this document. All websites are current as of March 2013.

Prevention and treatment of postpartum hemorrhage

WHO	recommendations	for	the	prevention	and	treatment	of	postpartum	hemorrhage	(2012)
http://www.who.int/maternal_child_adolescent/documents/postpartum_haemorrge/en/

International Federation of Gynecology and Obstetrics (FIGO) guidelines for the prevention 
of	postpartum	haemorrhage	in	low-resource	settings	(2012)

http://www.figo.org/publications/PPH_Guidelines

The	Postpartum	Hemorrhage	Prevention	and	Treatment	Website
http://www.pphprevention.org/index.php
The Postpartum Hemorrhage Prevention and Treatment Website provides a forum for joint infor-

mation sharing and learning between organizations and individuals working on the prevention and 
treatment of postpartum hemorrhage in developing countries. The website contains resources posted 
under the USAID-funded Prevention of Postpartum Hemorrhage Initiative (POPPHI) and includes 
information and links to a range of organizations working on postpartum hemorrhage issues. Website 
contents include policy documents, technical briefs, posters and a toolkit for the steps of active man-
agement of the third stage of labor which includes an animated demonstration. Resources available in 
English, Spanish and French.

Neonatal resuscitation

WHO	Guidelines	on	basic	newborn	resuscitation	(2012)
http://www.who.int/maternal_child_adolescent/documents/basic_newborn_resuscitation/en/index.html

International	Liaison	Committee	on	Resuscitation	(ILCOR)	2010	International	Consensus	on	
Cardiopulmonary	Resuscitation	and	Emergency	Cardiovascular	Care	Science	With	Treatment	
Recommendations, Part 11: Neonatal Resuscitation

http://circ.ahajournals.org/content/122/16_suppl_2/S516.full

Additional resources and websites
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Additional resources and websites

Bedside Assessment, Stabilization and Initial Cardiorespiratory Support (BASICS) Trolley 
http://www.lw.nhs.uk/Library/news_centre/Life_Saving_Trolley_Basics_Case_Study.pdf
Developed by Dr Andrew Weeks, Peter Watt, Dr Andrew Gallagher, and Dr David Hutchon from 

the UK, the BASICS trolley (also known as the LifeStart trolley) is a “novel redesign” of a newborn 
resuscitation trolley, that contains all the basic elements of the existing resuscitation trolley (warmer, 
suction and oxygen), but can be placed alongside the mother’s bed. The trolley can provide a platform 
for neonatal resuscitation and care for the first few minutes of life without having to separate the infant 
from the mother (i.e., can allow for resuscitation with the cord intact).

Maternal, newborn and child survival

Saving Newborn Lives, Save the Children
http://www.savethechildren.org/programs/health/saving-newborn-lives/
Saving Newborn Lives program, supported by the Bill & Melinda Gates Foundation, works in part-

nership with countries to reduce newborn mortality and improve newborn health.

Healthy Newborn Network
http://www.healthynewbornnetwork.org/
An initiative of Save the Children’s Saving Newborn Lives program launched in 2010, the Healthy 

Newborn Network (HNN) is a partnership of organizations and individual members committed to 
improving newborn health around the world. HNN connects advocates around the world and pro-
vides a platform for discussions and interactions on a  vast range of newborn and maternal health 
topics. In addition, the HNN boasts a common library of newborn health resources, featuring the lat-
est in newborn health research, news, resources, events, articles, success stories and more from HNN 
Partners around the world.

Maternal and Child Health Integrated Program (MCHIP)
http://sites.path.org/mchn/our-projects/
Funded by USAID, MCHIP aims to speed up reduction of maternal, newborn, and child mortality 

in the 30 USAID priority countries that have the highest disease burden. The project’s partners, in-
cluding PATH, are working together to implement and bring to scale high-impact, effective interven-
tions, based on the country context and using global and local data.
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Partnership for Maternal, Newborn and Child Health (PMNCH)
http://www.pmnch.org
A WHO-led partnership joining the reproductive, maternal, newborn and child health communi-

ties into an alliance of more than 450 members to ensure that all women, infants and children not only 
remain healthy, but also thrive. PMNCH’s mission is to “[support] Partners to align their strategic 
directions and catalyse collective action to achieve universal access to comprehensive, high-quality 
reproductive, maternal, newborn and child health care.”

Latin American and Caribbean Neonatal Alliance
http://www.alianzaneonatal.org/eng/
The Newborn Alliance is “an interagency group which promotes newborn health within a Re-

productive, Maternal and Child Health continuum. The group promotes evidence-based policy and 
programmatic interventions at the facility and community levels and supports countries in the LAC 
region in their efforts to reduce newborn mortality and morbidity.” The “Resources and Tools” section 
of the website provides checklists and reference manuals for essential newborn care practices.

Iron deficiency and anemia and other micronutrient deficiencies

WHO	Department	of	Nutrition	for	Health	and	Development
http://www.who.int/nutrition/en/index.html

WHO	e-Library	for	Evidence	of	Nutrition	Actions	(eLENA)
http://www.who.int/elena/en/index.html
eLENA is an online library of the latest evidence-informed guidelines for nutrition interventions. 

The goal of eLENA is to help countries successfully implement and scale-up nutrition interventions 
by informing as well as guiding policy development and program design. Content on umbilical cord 
clamping can be found here: http://www.who.int/elena/titles/cord_clamping/en/index.html

WHO	Vitamin	and	Mineral	Nutrition	Information	System	(VMNIS)
http://www.who.int/vmnis/ 
The database includes data by country on prevalence of anemia and other indicators of vitamin 

and mineral nutrition along with tools for surveillance
Iron Deficiency Project Advisory Service (IDPAS)
http://www.idpas.org/
“IDPAS Iron World” includes an outline of webpages with a diverse set of documentation related to 

micronutrient nutrition with emphasis on preventing and controlling iron deficiency anemia.
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Additional resources and websites

Micronutrient Initiative (MI)
http://www.micronutrient.org/
MI, an independent non-profit organization, has as its mission “to be a global leader in advancing 

integrated, innovative and sustainable solutions to reduce vitamin and mineral deficiencies through 
advocacy, technical and programmatic support, in collaboration with others.” MI works in partner-
ship with governments, the private sector and civil society organizations.

A2Z Project, The USAID Micronutrient and Child Blindness Project 
http://www.a2zproject.org/
The A2Z Project, which ended in 2011, had as its goal to increase the use of key micronutrient and 

blindness interventions to improve child and maternal health. One of the technical focus areas of the 
project was anemia reduction in pregnant women and children. A2Z publications on anemia can be 
found here: http://www.a2zproject.org/~a2zorg/node/44

Importance of nutrition for health and development and achievement of the Millennium 
Development Goals

“Repositioning Nutrition as Central to Development: A strategy for large-scale action”, The 
World	Bank,	2006

Download text:  
http://siteresources.worldbank.org/NUTRITION/Resources/281846-1131636806329/NutritionStrategy.pdf

Video presentation and PowerPoint:  
http://www1.worldbank.org/hdnetwork/external/he/mshekar.htm

Text excerpt: “Malnutrition remains the world’s most serious health problem and the single biggest 
contributor to child mortality. Nearly one-third of children in the developing world are either underweight 
or stunted, and more than 30 percent of the developing world’s population suffers from micronutrient 
deficiencies… It has long been known that malnutrition undermines economic growth and perpetuates 
poverty. Yet the international community and most governments in developing countries have failed to 
tackle malnutrition over the past decades, even though well-tested approaches for doing so exist. The con-
sequences of this failure to act are now evident in the world’s inadequate progress toward the Millennium 
Development Goals (MDGs) and toward poverty reduction more generally. Persistent malnutrition is 
contributing not only to widespread failure to meet the first MDG—to halve poverty and hunger—but to 
meet other goals in maternal and child health, HIV/AIDS, education, and gender equity…”
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Pan American Health Organization’s Regional Strategy and Plan of Action on Nutrition in 
Health and Development 

http://www.paho.org/english/gov/cd/CD47-18-e.pdf

Lancet Series on Maternal and Child Undernutrition
http://www.thelancet.com/series/maternal-and-child-nutrition
Maternal and child undernutrition was the subject of a Series of papers in The Lancet in 2008. Five 

years after the initial series, the Lancet re-evaluated the problems of maternal and child undernutrition 
and also examined the growing problems of overweight and obesity for women and children, and their 
consequences in low-income and middle-income countries. The Lancet series from 2013 also assessed 
national progress in nutrition programs and international efforts toward previous recommendations.

Breastfeeding resources

The Baby-Friendly Hospital Initiative, (BFHI)
http://www.who.int/nutrition/topics/bfhi/en/
http://www.unicef.org/nutrition/index_24806.html

WHO	publications	on	infant	and	young	child	feeding
http://www.who.int/nutrition/publications/infantfeeding/en/index.html
PAHO publications on infant and young child feeding
http://www.paho.org/alimentacioninfantil
Includes information on recommended infant feeding indicators; updated materials (January 2006) 

for Baby-Friendly Hospital Initiative implementation (training of health workers and policy-makers, 
with additional sections for settings with high HIV prevalence); the International Code of Marketing 
of Breast Milk Substitutes; and publications on breastfeeding and complementary feeding.

PAHO publications on infant and young child feeding
http://www.paho.org/alimentacioninfantil
Includes technical and practical information on infant and young child feeding and nutrition in 

Spanish.
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Alive and Thrive
http://www.aliveandthrive.org/
A Bill and Melinda Gates Foundation 6-year project (2009-2014) to improve infant and young 

child nutrition by increasing rates of exclusive breastfeeding and improving complementary feeding. 
It seeks to reach 16 million children less than 2 years of age in Bangladesh, Ethiopia, and Vietnam.

Linkages 

http://www.linkagesproject.org/
USAID funded the 10-year LINKAGES Project (1996–2006) to provide technical information, 

assistance, and training to organizations on breastfeeding, related complementary feeding and mater-
nal dietary practices, and the lactational amenorrhea method. Website includes assessment, training, 
counseling and monitoring and evaluation tools for infant and young child feeding.

Breastfeeding	and	mother-to-child	HIV	transmission	guidelines
http://www.who.int/maternal_child_adolescent/documents/9789241599535/en/

Breastcrawl  (UNICEF India)
http://www.breastcrawl.org
Provides a video as well as resources for promotion of “breastcrawl” as a method of immediately 

initiating breastfeeding after delivery. 
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