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Human milk reduces the risk of short- and long- term morbidities in recipient infants
through a combination of nutritional, anti-infective, anti-inflammatory, anti-oxidative,
epigenetic and gut colonizing substances. [1-6] These substances function synergistically to
downregulate inflammatory and oxidative stress processes that manifest in lifelong health
problems, including infections, atopic disease, heurocognitive and neurodevelopmental
delay, and many chronic diseases. [1, 7-9] Late and moderately preterm infants, and even
those infants delivered early term, are born prior to the maturation of many body organs and
systems, [10-16] and are especially protected by the bioactive components in human milk.
In contrast, several lines of inquiry indicate that the components in commercial formulas
may be separately detrimental in that they upregulate inflammatory and oxidative stress
processes by a variety of mechanisms, including increased intestinal permeability and
toxicity to immature gut epithelial cells. [17-26] Thus, while human milk is important for all
infants, it is especially important for infants who are born early and have a compromised
immunomodulatory response, and with immature organs, including the brain, that are
susceptible to inflammatory injury and oxidative stress.

Among the infants born moderately and late preterm or early term, the greatest challenge for
breastfeeding management is the late preterm infant (LPI) who is cared for with the mother
in the maternity setting. [27] The lack of management strategies is underscored by the fact
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that exclusive breastfeeding at the time of hospital discharge is a major risk factor for
rehospitalization in LPIs due to dehydration, hyperbilirubinemia, and suspected sepsis. [27-
31] In less severe situations, LPIs who are exclusively breastfed tend to gain weight slowly
and have protracted jaundice. These and other complications can be termed “lactation-
associated morbidities”, in that human milk does not cause the morbidity, but inadequate
milk intake during breastfeeding contributes to its severity. [27] It is well documented that
LPIs demonstrate ineffective breastfeeding behaviors such sleepiness and slipping off the
mother's nipple during feeding that translate into compromised milk transfer during
breastfeeding. [27, 32] Whether or not rehospitalization is required, common outcomes in
this population include routine formula supplementation and early cessation of
breastfeeding. [27, 32]

Although breastfeeding for LPIs and their mothers is commonly managed according to
practices designed for healthy term infants, LPIs are much more like premature infants being
discharged from the NICU with respect to consuming an adequate volume of milk during
feedings at the breast. [27] However, unlike mothers of NICU infants who have used a
breast pump to establish their milk supply by the time of NICU discharge, mothers of LPIs
must rely on the sucking stimulation of the infant to establish the milk supply. Furthermore,
delayed onset of lactation is especially common among mothers of LPIs, meaning that
despite an effective sucking stimulus from the breast pump or the infant, little milk is
available for several days post-birth. [27, 33—-37] As a consequence, breastfeeding failure
among LPIs and their mothers is high and clinicians need evidence-based strategies to
protect infant hydration and growth and maternal milk supply until complete feeding at
breast can be established. This articlewill review the evidence for lactation and breastfeeding
risk in LPIs and their mothers, and describe strategies for managing these immaturity-related
feeding problems. Application to moderate preterm infants (MPIs) and early term infants
(ETISs) will be made throughout.

Late Preterm Infants and Mothers: A Population at Risk for Poor Lactation
Outcomes

LPIs and their mothers each bring risk factors to effective breastfeeding that contribute to
the high rates of lactation-associated morbidities and shortened duration of breastfeeding in
this population. [27] In combination these risk factors predispose infants to inadequate
intake during feedings at the breast and predispose mothers to an inadequate milk supply.
LPIs have weak suction pressures and immature sleep-wake regulation that place them at
risk for underconsumption of milk during breastfeeding. Mothers of LPIs are risk for
delayed onset of lactation, such that the availability of adequate milk occurs later and less
predictably than for healthy term births. These maternal and infant risk factors compromise
the intricate interplay in lactation hormones and changes in mammary epithelial cells during
the transition to lactogenesis Il and the establishment of a full milk supply. [38—40] (See
figure 1). An understanding of these LPI-mother lactation dynamics is essential for
establishing evidence-based practices to prevent, identify and manage these problems.
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Suction Pressures and Milk Removal During Breastfeeding in Late Preterm Infants

Suction (e.g., vacuum) occurs during feeding when the infant lowers the mandible, creating
negative pressure in the oral cavity. [41-43] In contrast to bottle feedings, strong baseline
suction pressures (mean = —64 mm Hg) are essential for breastfeeding because the infant
must create the nipple shape by elongating the maternal nipple approximately three times its
resting length so that the tip is almost at the juncture of the hard and soft palate. [42, 44, 45]
The infant maintains this baseline suction pressure throughout the feeding, even while not
actively sucking. [42, 44] Furthermore, even stronger suction pressures are used to transfer
the bolus of milk from the maternal breast to the infant during the suction phase. [42, 44-46]
In contrast, suction pressures are not really essential to the removal of milk from a standard
bottle and nipple unit. [41-43, 47] The bottle nipple shape is already “created” so baseline
suction pressures are not required for the infant to maintain a “latch” on the nipple, and the
hydrostatic pressure associated with bottle feeding allows milk transfer with minimal or no
suction on the part of the infant. [41, 44, 48, 49] Thus, suction pressures are critical to the
creating the nipple shape and removing milk from the breast, but not for removing milk
from a typical bottle unit.

Suction pressures mature more slowly than expression pressures in premature infants [43,
50] and explain many of the common behaviors associated with breastfeeding problems for
MPIs, LPIs and ETIs: inability to latch onto the breast, slipping off of the breast repeatedly
during a feeding, and the ability to consume milk more efficiently from a bottle than from
the breast. [27] In combination with immature sleep-wake regulation, [11] these weak
suction pressures predispose infants to underconsumption of milk directly from the breast
until approximately term corrected age. [27] Several studies of test-weighing, in which milk
intake during breastfeeding can be accurately and precisely measured, [51-55] are consistent
with the fact that MPIs, LPIs and ETIs do not consume adequate amounts of milk directly
from the breast, even when the milk is available and can be removed with a breast pump.
[27, 56]

Lactation Risk for Mothers of Late Preterm Infants

Delayed onset of lactation (e.g., delayed lactogenesis Il), is a temporary problem in which
the availability of milk during the early days after birth is extremely limited. [57] During
uncomplicated lactogenesis, milk synthesis is triggered by the withdrawal of progesterone
with the birth of the placenta. [39] The dramatic decline in serum progesterone removes its
inhibiting effect on prolactin, so that milk synthesis can begin. [39, 40, 58] These abrupt
hormonal changes are catalyzed by a uniquely human infant sucking rate and rhythm that is
applied to the breast when milk flow is limited. [46, 59-65] The combination of hormonal
changes and breast stimulation rapidly transition the breast from producing approximately
15 mLs of colostrum during the entire first 24 hours post-birth to 500-600 mLs of milk by
days 4-7 post-birth. [59, 66—68]

These early days are conceptualized as a critical period for the mammary gland, which must
receive timely and appropriate stimulation from the infant, and during which time the
number of secretory cells and the density of prolactin receptors in the mammary epithelial
cells increase. [39, 40, 59, 69, 70] Central to this transition is the closure of tight junctions in
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the mammary epithelium, an anatomical change that keeps lactose within the mammary
gland rather than allowing it to pass into the maternal serum via open paracellular pathways.
[39, 40] The osmotic properties of lactose's remaining in the mammary gland result in
copious milk output. [69, 70] The transition from lactogenesis | to lactogenesis 11 normally
occurs between 40-72 hours post-birth, but in delayed onset of lactation, a longer duration
of very little available milk is typical. [34, 37, 39, 40, 71-73] Risk factors for delayed onset
of lactogenesis Il are listed in Box 1.

Delayed onset of lactation is prevalent world-wide, and mothers who deliver LPIs often
have one or more of the risk factors for delayed onset of lactation. [34, 37, 39, 40, 71-73]
These risk factors frequently go unnoticed, especially when infants are considered “healthy”
and cared for in the maternity area with their mothers. However, despite the fact that little
milk is available, the effective sucking stimulus of the infant (or a breast pump substitute) is
necessary to catalyze the hormonal, structural and biochemical processes in the breast. [74]
Many LPIs and some ETIs are incapable of providing the stimulation and milk removal
necessary to correct delayed onset of lactation, and what should be a temporary problem,
segues into a permanent low milk volume that is difficult to correct once the early critical
period for mammary stimulation has passed. [27]

Late Preterm Infants Cared for in the Maternity Setting Should Not Be

Considered Healthy Term Infants

Most LPIs are cared for in the maternity area with their mothers, where lactation care is
guided by polices consistent with the Joint Commission Core Perinatal Measure on
exclusive breastfeeding and/or the Baby Friendly Hospital Initiative (BFHI). [75-77] Both
of these sets of guidelines are intended to establish effective breastfeeding practices in the
hospital setting for healthy term infants and mothers. [78, 79] However, it is often assumed
that these guidelines should be generalized to include LPIs as well, especially with respect to
the avoidance of formula or donor milk supplements. Whereas routine supplementation of
breastfeeding is inappropriate for LPIs, the clinician must be alert to the possibility that
supplements may be medically necessary to prevent or treat hypoglycemia, hypothermia,
hyperbilirubinemia or other morbidities. Similarly, LPIs and mothers often need to use
temporary lactation aids such as breast pumps, nipple shields and bottle units, which are
unnecessary for healthy term infants and mothers, and are inconsistent with select steps in
the BFHI. [27]

Initiatives that focus on exclusive breastfeeding in the immediate post-birth period have
been crafted from a substantial body of evidence about the interplay between infant intake
and mammary physiology during this critical period. An understanding of this mother-infant
synchrony is necessary to understand the inappropriateness of these guidelines for LPlIs.
Healthy term infants are born with adequate fat and glycogen stores so that they do not need
more milk than the approximately 15mLs they consume during the entire first 24 hours of
life. [66, 80] Furthermore, during this time, they breastfeed 10-11 times on average,
transferring only about 1.5 mLs of milk each feeding. [66] This frequent, unrestricted
feeding in the first 24 hours means the breast is stimulated by the infant so that additional
milk is available in the next 24 hours as the infants need additional fluid and calories. [81]

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meier et al.

Page 5

This motherinfant synchrony is imbalanced following LPI birth, in that fat and glycogen
stores are added exponentially between 34 weeks and term gestation. [12] This immaturity
means that the LPI at risk not only for metabolic complications as a function of preterm
birth, but also because of minimal milk availability in the first 24—48 hours of breastfeeding.
[27] Thus, the “supply and demand” explanation that underpins these BFHI and Joint
Commission breastfeeding initiatives is inconsistent with the evidence about LPIs and their
mothers.

Similarly, strategies used by clinicians to encourage frequent breastfeeding in healthy term
infants are often ineffective and can exacerbate morbidities in LPIs. For example, the most
consistently reported characteristic of LPIs is sleepy behavior that compromises the
frequency and duration of breastfeedings. [27, 32] In healthy term infants who demonstrate
sleepy behavior, mothers are encouraged to wake infants frequently and to remove the
infant's clothing and blankets because the infant has gotten “too comfortable”. While skin-
to-skin care, wherein the unclothed infant is held in immediate contact with the mother's
breasts is appropriate for LPIs, removing clothing to stimulate wakefulness exacerbates the
risk of metabolic morbidities. Similarly, frequent waking is not only ineffective, it can
compromise the infant's energy stores and growth.

New parents frequently have unrealistic expectations for their LPIs, too. There are few
resources specifically about breastfeeding LPIs for parents, so they rely upon written
materials for uncomplicated breastfeeding situations and the advice of friends and family
members that is not specific to LPIs. They fail to recognize excessive sleepiness and short,
ineffective breastfeeds in their infants as a sign of immaturity and inadequate intake, and
interpret these behaviors mean that the infants are satiated and sleep well. These parents
need information about breastfeeding that is specific to LPIs and includes clear guidelines
about adapting basic lactation principles to the needs of their immature infants. One
evidence-based booklet, “Breastfeeding Your Late Preterm Infant” is available for new
parents, and details reasons why their LPIs do not breastfeed like healthy term infants, as
well as specific plans to protect the maternal milk supply and ensure adequate intake for
infants. [82] This booklet also includes three real-life case studies of LPIs, so that parents
understand that the immaturityrelated feeding issues they observe in their own LPIs are
common in this population.

Management of Breastfeeding for Late Preterm Infants and Mothers

There are two key objectives in managing breastfeeding for this population: protecting the
maternal milk supply and ensuring that the infant is adequately nourished. In healthy term
populations, unrestricted and effective feedings at the breast accomplishes both objectives.
For LPIs, separate strategies for each objective are needed until the infant is able to consume
all feedings directly from the breast without the additional stimulation provided by the breast
pump. [27] Although there is considerable variability as to when LPIs actually accomplish
this outcome, parents can be told that it occurs at approximately the infant's expected birth
date. Until this time, the use of evidence-based lactation technologies, such as breast pumps,
specialized breast pump suction patterns, nipple shields, in-home test-weights and bottle
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units, help the clinician individualize a safe and effective breastfeeding plan with families of
LPIs. [27]

The Maternity Hospital Stay

In general, the infant should be able to feed effectively (e.g., awake and feeding eagerly) for
at least 15 minutes each of 8 times daily during the maternity stay. Most LPIs, and many
ETlIs are unable to maintain this regimen consistently. If the LPI cannot provide this
stimulation to the mammary gland, then the mother should use a hospital grade electric
breast pump. The pump will provide necessary breast stimulation during this critical period
for lactogenesis 1, and remove available milk that can be fed to the infant. One randomized
clinical trial found that the use of a breast pump suction pattern that mimics the uniquely
human infant suck during this critical period resulted in mothers' producing significantly
more milk in less time spent pumping by day 14 post-birth in breast pump dependent
mothers with premature (<34 weeks of gestation) infants. [59] Thus, when possible, mothers
should be encouraged to use this suction pattern in the breast pump until the onset of
lactogenesis I, changing to a maintenance suction pattern in the pump thereafter.

Oftentimes mothers are instructed to try to breastfeed their infants prior to each pumping,
and become exhausted and discouraged with the extra effort involved. A more effective
approach helps the mother understand her LPI's sleepy behavior is normal, and encourages
her to breastfeed when the infant is awake, and pump when the infant is unable to awaken
and feed eagerly. She can substitute the breastfeeding for skin-to-skin care with her infant
prior to or after the pumping session. [32] Many LPIs will require additional milk during the
maternity hospitalization due to concerns about hypoglycemia, hypothermia, and
hyperbilirubinemia. [12] If the mother is able to remove milk with the breast pump, it can be
fed to the infant. If no mother's milk is available, donor milk or formula must be
supplemented. In general, the smallest volume of supplement that will prevent or treat
morbidity in the LPI is indicated. In animal and human studies, large amounts of milk
administered rapidly in the early days post-birth results in a different pattern of feeding-
induced hormone release, which may have longer-term implications, and should be avoided
if possible. [83]

Preparing for Hospital Discharge

The clinician should work with the family to develop a strategy that permits as much direct
feeding at breast as possible, while still ensuring that the maternal milk supply is protected
and that the infant receives sufficient hydration and nutrition. Oftentimes, a strategy called
“triple feeding” is recommended, which involves attempting to feed the infant at breast
followed by use of a breast pump and feeding any expressed milk (or formula supplement)
to the infant by bottle. [32] New families are often sent home with these generic instructions,
and the resulting fatigue contributes to the high rates of breastfeeding failure for this
population. Box 2 summarizes an alternative plan that protects the maternal milk supply
with routine breast pump use and ensures the infant receives sufficient milk by substituting
some breastfeedings with bottle feedings of the freshly pumped milk. The use of select
lactation technologies can help make this plan even more individualized for the family of the
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LPI. These interventions are also suitable for MPIs and ETIs as hospital discharge
approaches.

Lactation Technologies Suitable for Mothers and LPIs

A number of evidence-based lactation technologies can help mothers transition from a
mixture of bottle and breastfeedings to exclusive breastfeeding during the first weeks after
hospital discharge. A brief review of each device and a description of the ways in which it
protects maternal milk volume or ensures adequate infant intake are summarized here.

Protecting Milk Volume—Without an adequate milk supply, the mother cannot
breastfeed exclusively. This fact must guide the clinician's recommendations for securing an
effective hospital grade electric breast pump and for using it until the infant is gaining
weight consistently on exclusive feedings at the breast without the assistance of a nipple
shield or bottle supplements (unless these are a choice of the mother). Although new
mothers will want to discontinue routine breast pump use as soon as possible, they must be
reminded that the pump is doing the work of maintaining the milk supply because their LPIs
are incapable of doing so. Initially, most LPIs will require some bottle supplements of
expressed milk in addition to the amount they consume at the breast, because they are
unable to remove all of the available milk from the breast. [51, 52] As the infants mature,
they progressively consume more milk at the breast and require less supplemented volume.
Regular (2-4 times daily) breast pump use is critical to this transition because the pump
serves as the entity that “creates and maintains” the extra milk, which flows more readily to
the infant despite immature sucking patterns. [51, 52] Thus, the LPI “gets enough” milk
partly because the pump is providing extra stimulation to the mother's breasts. Even when
the LPI has made the transition to exclusive feedings at the breast and is growing
appropriately, the pump must be discontinued slowly, and only after the LPI no longer needs
the assistance of the nipple shield to transfer sufficient amounts of milk.

The data in Figure 2 exemplify this progression, and can be used by the clinician to reinforce
the importance of continued breast pump use with family members for both LPIs and MPIs.
These findings are a secondary analysis of one group of mothers and their premature infants
from a randomized clinical trial of in-home measurement of milk intake following NICU
discharge. [51, 52] In this study, 24 mothers of premature infants [mean post-conceptional
age (PCA) and weight at NICU discharge= 36 + 2 weeks and 2248 + 97 grams] measured
milk intake during breastfeeding in the home for one month after NICU discharge. [52] All
of the mothers had an adequate milk supply and all extra milk consumed by the infants was
pumped milk. Although the infants had access to a sufficient amount of milk in the breast,
they could not ingest all of the available milk during breastfeedings, and required bottle
supplementation of expressed milk until approximately 42 weeks PCA. Breastfeeding
progression continued and maternal milk supply was protected because of the mothers'
routine breast pump use. Thus, it is critical that the mother not discontinue the extra
pumpings too soon.

Facilitating milk intake during breastfeeding—LPIs frequently do not consume an
adequate volume of milk during breastfeeding due to weak suction pressures, evidenced by
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slipping off of the nipple and falling asleep early in the feeding. Breastfeeding positions that
support the head and neck (Figure 3) can be used to facilitate milk intake, but many LPIs
will benefit from temporary use of an ultra-thin nipple shield (Figure 4). [84, 85] The nipple
shield creates the nipple shape so that suction pressure is not necessary. Similarly once the
infant is properly placed on the breast with the shield, strong negative pressure within the
tunnel of the shield facilitates milk transfer to the infant, provided that the maternal milk
supply is adequate. A study in premature infants of similar post-conceptional ages as LPIs
revealed that infants consume significantly more milk with the shield than without it, and
that the shield was necessary until approximately the infant's expected birth date. [84]

Ensuring adequate milk intake during breastfeeding—A major safety concern
during the early weeks after birth for breastfeeding LPIs is whether they consume an
adequate amount of milk at breast to remain hydrated and grow. [28, 30, 31, 86] For this
reason, many families are advised to routinely supplement feedings at breast with formula or
pumped milk, a practice which is time-consuming and inexact. In contrast, in-home
measurement of milk intake is easy, accurate and effective for this population, and helps
families achieve their breastfeeding goals with more confidence that their LPIs are
consuming an adequate volume of milk. [51, 52] Also referred to as test-weighing, wherein
the clothed infant is weighed on an accurate and reliable electronic scale, this technology
takes the guess-work out of “getting enough”, providing extra milk only when it is
necessary. [53, 55, 87-89] Several studies have shown that commonly used clinical
indicators of “breastfeeding effectiveness', such as audible swallows, visualizing milk in the
infant's mouth and post-feed satiety, are not accurate indicators of intake in premature and
LPIs. In contrast, the in-home rental scale to measure milk intake during breastfeeding
(BabyWeigh, Medela, Inc., McHenry, IL) weighs to the nearest 2 grams, is portable and
easy to use, and has been studied extensively. [51-54] Measuring milk intake in the home
helps parents learn to recognize a “good” feeding with respect to milk intake, helps them
determine when to provide extra milk, and highlights the LPI's progress with consuming
more milk at breast each week during the early post-birth period. [51, 52]

Discontinuing Lactation Technologies for Mothers and LPIs

Because there is so little evidence-based information available for parents with respect to
breastfeeding their LPIs, they are often told to discontinue all of the technologies and feed
their infants as if they were healthy term infants before the LPIs are ready to make this
transition. [82] Although the final cessation of lactation technologies will occur between
approximately 40-42 weeks post-conceptional age, most LPIs will demonstrate
inconsistency in staying awake and feeding eagerly before this time. [51, 52] For example,
the LPI may be able to consume some daily feedings without the nipple shield, but require it
for others. Other LPIs demonstrate eager feeding and adequate milk transfer for the first 5
minutes of a feeding without the nipple shield, and then fall asleep without completing the
feeding. The nipple shield can be introduced midway through the feeding to help the infant
take a full feeding.

The pump should be gradually discontinued after the nipple shield is no longer needed and
the infant is gaining weight adequately on exclusive feedings at breast. For example, if a
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mother is currently pumping 3 times daily at this time, she should decrease the frequency of
pumping, with a goal of discontinuing pumping over a 10-day period. This slow cessation of
extra pumping is important because the LPI may be consuming sufficient milk during
breastfeeding because the pump has created the extra milk volume that flows readily and
easily to the infant. [51, 52] In-home measurement of milk intake validates that the infant is
transitioning from “milk remover” to “milk maintainer” as pumping is discontinued.

Most families who use lactation technologies to guide the transition to exclusive feedings at
breast relinquish the in-home rental scale after breastfeeding is effective and efficient, and
the pump is no longer needed to maintain an adequate maternal milk supply. [51, 52] Along
this trajectory, the families cease the measurement of milk transfer, and simply measure
daily nude weights for a week or two to reassure themselves that milk intake is adequate for
infant growth.

Adequacy of Exclusive Human Milk for MPIs, LPIs and ETIs

Although there is some evidence that providing a nutrient-enriched formula supplement of
human milk is beneficial for short-term growth in very low birthweight and/or extremely
premature infants, there are few data about the safety and efficacy of this practice with more
mature preterm infants. [1, 90-92] In the absence of evidencebased guidelines, many
clinicians elect to supplement human milk feedings with powdered formulas or to replace
some daily breastfeedings with enriched formula “to be on the safe side.” However, there is
compelling evidence about the detrimental impact of bovine-based formulas in the early
post-birth period with respect to the developing gut microbiota, the upregulation of
inflammatory processes and interference with the bioactive components in human milk. [17-
26] These practices shorten the lifetime dose of human milk for the recipient infant,
increasing the risk of later childhood and adultonset morbidities such as obesity,
hypertension, diabetes, inflammatory bowel disease and atopic illness. [7, 8] With this
evidence, supplementation of exclusive human milk feedings--whether at the breast or
bottle--should not be routine, but based instead on the individual infant's nutritional risk
factors and growth rates. [93] All MPIs and LPIs should receive multivitamins with iron.
Unless there is a specific indication, ETIs should not be supplemented with iron due to its
interference with lactoferrin, which is a potent anti-inflammatory and anti-infective
component of human milk. [6, 94-97] All MPIs, LPIs and ETIs who are feeding at the
breast should be seen by the pediatrician within two days after hospital discharge, and
should be monitored frequently by the primary health care provider until acceptable growth
patterns on exclusive breastfeeding are well established. [98]

Key to the decision about replacing or enriching human milk with powdered formulas is
knowing the infant's intake of human milk. [93] Only a handful of recent studies about post-
discharge nutrition with VLBW infants has actually measured milk intake during
breastfeeding using test-weighing techniques. [1, 88, 90-92] Thus, if infants fail to grow
properly, it is assumed that the quality rather than the quantity of the milk is inadequate. [53,
54, 88] In-home test-weighing procedures using scales designed for the rental market
(BabyWeigh®, Medela, Inc., McHenry, IL) measure milk intake to the nearest 2mLs, are
accurate, and are easily performed in the home by caregivers. [53, 55, 87-90]
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Human milk is especially important for infants who are born prior to the final maturation of
body organs and systems, including MPIs, LPIs, and ETIs. However, management of
lactation and breastfeeding for these populations has not been evidence-based, as reflected in
the high rates of breastfeeding failure and lactation-associated morbidities, especially for
LPIs who are cared for in the maternity setting with their mothers. LPIs are at risk for
underconsumption of milk during feedings at the breast due to immature suction pressures
and sleepy behavior, and their mothers are at risk for delayed onset of lactation. In-hospital
management strategies should focus on protecting the maternal milk volume and ensuring
that the infant is fed appropriately, and may be inconsistent with the BFHI's Ten Steps for
Successful Breastfeeding, which were intended for healthy term infants. During and after the
maternity hospitalization, breastfeeding management for the LPI and mother should
incorporate evidence-based lactation technologies, including the breast pump, in-home test-
weighing, and the nipple shield, until the infant approximates term, corrected age, and can
remove milk from the breast effectively. Many of the management strategies outlined for the
LPI can be adapted to the MPI and ETI.

Acknowledgments

Disclosure: This work was partially supported by a grant from the NIH.

References

1. Meier PP, Engstrom JL, Patel AL, et al. Improving the use of human milk during and after the
NICU stay. Clin Perinatol. 2010; 37(1):217-245. [PubMed: 20363457]

2. Jeurink PV, van Bergenhenegouwen J, Jimenez E, et al. Human milk: a source of more life than we
imagine. Benef Microbes. 2013; 4(1):17-30. [PubMed: 23271066]

3. Riskin A. Changes in immunomodulatory constituents of human milk in response to active infection
in the nursing infant. Pediatr Res. 2012; 71(2):220-225. [PubMed: 22258136]

4. Newburg DS, Walker WA. Protection of the neonate by the innate immune system of developing
gut and of human milk. Pediatr Res. 2007; 61(1):2-8. [PubMed: 17211132]

5. Lucas A. Long-term programming effects of early nutrition -- implications for the preterm infant. J
Perinatol. 2005; 25(Suppl 2):S2-S6. [PubMed: 15861165]

6. Lonnerdal B. Bioactive proteins in human milk: mechanisms of action. J Pediatr. 2010; 156(2
Suppl):S26-S30. [PubMed: 20105661]

7. Chen A, Rogan WJ. Breastfeeding and the risk of postneonatal death in the United States.
Pediatrics. 2004; 113(5):e435-e439. [PubMed: 15121986]

8. 1p S, Chung M, Raman G, et al. Breastfeeding and Maternal and Infant Health Outcomes in
Developed Countries. 2007 Evidence Report/Technology Assessment No. 153 (Prepared by Tufts-
New England Medical Center Evidence-based Practice Center, under Contract No. 290-02-0022).
AHRQ Publication No. 07-E007.

9. Bartick M, Reinhold A. The burden of suboptimal breastfeeding in the United States: a pediatric
cost analysis. Pediatrics. 2010; 125(5):e1048-e1056. [PubMed: 20368314]

10. Billiards SS, Pierson CR, Haynes RL, et al. Is the late preterm infant more vulnerable to gray

matter injury than the term infant? Clin Perinatol. 2006; 33(4):915-933. [PubMed: 17148012]
11. Darnall RA, Ariagno RL, Kinney HC. The late preterm infant and the control of breathing, sleep,
and brainstem development: a review. Clin Perinatol. 2006; 33(4):883-914. [PubMed: 17148011]
12. Raju TN. Developmental physiology of late and moderate prematurity. Semin Fetal Neonatal Med.
2012; 17(3):126-131. [PubMed: 22317884]

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meier et al.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Page 11

Raju TN. Late-preterm births: challenges and opportunities. Pediatrics. 2008; 121(2):402—-403.
[PubMed: 18245431]

Watchko JF. Hyperbilirubinemia and bilirubin toxicity in the late preterm infant. Clin Perinatol.
2006; 33(4):839-852. [PubMed: 17148008]

Amaizu N, Shulman R, Schanler R, et al. Maturation of oral feeding skills in preterm infants. Acta
Paediatr. 2008; 97(1):61-67. [PubMed: 18052999]

Abe K, Shapiro-Mendoza CK, Hall LR, et al. Late preterm birth and risk of developing asthma. J
Pediatr. 2010; 157(1):74-78. [PubMed: 20338577]

Taylor SN, Basile LA, Ebeling M, et al. Intestinal permeability in preterm infants by feeding type:
mother's milk versus formula. Breastfeed Med. 2009; 4(1):11-15. [PubMed: 19196035]

Claud EC, Walker WA.. Hypothesis: inappropriate colonization of the premature intestine can
cause neonatal necrotizing enterocolitis. FASEB Journal. 2001; 15(8):1398-1403. [PubMed:
11387237]

Walker WA.. Development of the intestinal mucosal barrier. Journal of Pediatric Gastroenterology
& Nutrition. 2002; 34(1 Suppl):S33-S39. [PubMed: 12082386]

Penn AH. Digested formula but not digested fresh human milk causes death of intestinal cells in
vitro: implications for necrotizing enterocolitis. Pediatr Res. 2012; 72(6):560-567. [PubMed:
23007028]

Sangild PT. Gut responses to enteral nutrition in preterm infants and animals. Exp Biol Med. 2006;
231(11):1695-1711.

Sangild PT, Siggers RH, Schmidt M, et al. Diet- and colonization-dependent intestinal dysfunction
predisposes to necrotizing enterocolitis in preterm pigs. Gastroenterology. 2006; 130(6):1776-
1792. [PubMed: 16697741]

Thymann T, Burrin DG, Tappenden KA, et al. Formula-feeding reduces lactose digestive capacity
in neonatal pigs. Br J Nutr. 2006; 95(6):1075-1081. [PubMed: 16768828]

Jensen AR, Elnif J, Burrin DG, et al. Development of intestinal immunoglobulin absorption and
enzyme activities in neonatal pigs is diet dependent. J Nutr. 2001; 131(12):3259-3265. [PubMed:
11739877]

van Haver ER, Oste M, Thymann T, et al. Enteral feeding reduces endothelial nitric oxide synthase
in the caudal intestinal microvasculature of preterm piglets. Pediatr Res. 2008; 63(2):137-142.
[PubMed: 18091345]

Bjornvad CR, Schmidt M, Petersen YM, et al. Preterm birth makes the immature intestine sensitive
to feeding-induced intestinal atrophy. Am J Physiol Regul Integr Comp Physiol. 2005;
289(4):R1212-R1222. [PubMed: 15961526]

Meier PP, Furman LM, Degenhardt M. Increased lactation risk for late preterm infants and
mothers: evidence and management strategies to protect breastfeeding. J Midwifery Womens
Health. 2007; 52(6):579-587. [PubMed: 17983995]

Tomashek KM, Shapiro-Mendoza CK, Weiss J, et al. Early discharge among late preterm and term
newborns and risk of neonatal morbidity. Semin Perinatol. 2006; 30(2):61-68. [PubMed:
16731278]

Shapiro-Mendoza CK, Tomashek KM, Kotelchuck M, et al. Risk factors for neonatal morbidity
and mortality among “healthy,” late preterm newborns. Semin Perinatol. 2006; 30(2):54-60.
[PubMed: 16731277]

Shapiro-Mendoza CK, Tomashek KM, Kotelchuck M, et al. Effect of late-preterm birth and
maternal medical conditions on newborn morbidity risk. Pediatrics. 2008; 121(2):e223-232.
[PubMed: 18245397]

Young PC, Korgenski K, Buchi KF. Early readmission of newborns in a large health care system.
Pediatrics. 2013; 131(5):e1538-e1544. [PubMed: 23569092]

Walker M. Breastfeeding the late preterm infant. J Obstet Gynecol Neonatal Nurs. 2008; 37(6):
692-701.

Hurst NM. Recognizing and treating delayed or failed lactogenesis Il. J Midwifery Womens
Health. 2007; 52(6):588-594. [PubMed: 17983996]

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meier et al.

34.

35.

36.

37.

38.

39.

40.

41.
42.

43.

44,

45.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

Page 12

Dewey KG, Nommsen-Rivers LA, Heinig MJ, et al. Risk factors for suboptimal infant
breastfeeding behavior, delayed onset of lactation, and excess neonatal weight loss. Pediatrics.
2003; 112:607-619. [PubMed: 12949292]

Nommesen-Rivers LA, Dolan LM, Huang B. Timing of stage Il lactogenesis is predicted by
antenatal metabolic health in a cohort of primiparas. Breastfeed Med. 2012; 7(1):43-49. [PubMed:
21524193]

Marshall AM, Nommsen-Rivers LA, Hernandez LL, et al. Serotonin transport and metabolism in
the mammary gland modulates secretory activation and involution. J Clin Endocrinol Metab. 2010;
95(2):837-846. [PubMed: 19965920]

Nommesen-Rivers LA, Chantry CJ, Peerson JM, et al. Delayed onset of lactogenesis among first-
time mothers is related to maternal obesity and factors associated with ineffective breastfeeding.
Am J Clin Nutr. 2010; 92(3):574-584. [PubMed: 20573792]

Neville MC. Anatomy and physiology of lactation. Pediatr Clin North Am. 2001; 48(1):13-34.
[PubMed: 11236721]

Neville MC, Morton J. Physiology and endocrine changes underlying human lactogenesis I1. J
Nutr. 2001; 131(11):3005S-3008S. [PubMed: 11694636]

Neville MC, Morton J, Umemura S. Lactogenesis. The transition from pregnancy to lactation.
Pediatr Clin North Am. 2001; 48(1):35-52. [PubMed: 11236732]

Mathew OP. Science of bottle feeding. J Pediatr. 1991; 119(4):511-519. [PubMed: 1919879]
Geddes DT, Kent JC, Mitoulas LR, et al. Tongue movement and intra-oral vacuum in
breastfeeding infants. Early Hum Dev. 2008; 84(7):471-477. [PubMed: 18262736]

Lau C, Alagugurusamy R, Schanler RJ, et al. Characterization of the developmental stages of
sucking in preterm infants during bottle feeding. Acta Paediatr. 2000; 89(7):846-852. [PubMed:
10943969]

Geddes DT, Sakalidis VS, Hepworth AR, et al. Tongue movement and intra-oral vacuum of term
infants during breastfeeding and feeding from an experimental teat that released milk under
vacuum only. Early Hum Dev. 2012; 88(6):443-449. [PubMed: 22119233]

Smith WL, Erenberg A, Nowak A. Imaging evaluation of the human nipple during breast-feeding.
Am J Dis Child. 1988; 142(1):76-78. [PubMed: 3277390]

Mizuno K, Ueda A. Changes in sucking performance from nonnutritive sucking to nutritive
sucking during breast- and bottle-feeding. Pediatr Res. 2006; 59(5):728-731. [PubMed: 16627890]
Colley JR, Creamer B. Sucking and swallowing in infants. Br Med J. 1958; 2(5093):422-423.
[PubMed: 13560887]

Mizuno K, Ueda A. The maturation and coordination of sucking, swallowing, and respiration in
preterm infants. J Pediatr. 2003; 142(1):36—40. [PubMed: 12520252]

Mizuno K, Ueda A. Changes in sucking performance from nonnutritive sucking to nutritive
sucking during breast- and bottle-feeding. Pediatr Res. 2006; 59(5):728-731. [PubMed: 16627890]
Lau C. The development of oral feeding skills in infants. International Journal of Pediatrics. 2012;
2012:572341-572344. [PubMed: 23193413]

Meier PP, Engstrom JL. Test weighing for term and premature infants is an accurate procedure.
Arch Dis Child Fetal Neonatal Ed. 2007; 92(2):F155-F156. [PubMed: 17337668]

Hurst NM, Meier PP, Engstrom JL, et al. Mothers performing in-home measurement of milk intake
during breastfeeding of their preterm infants: maternal reactions and feeding outcomes. J Hum
Lact. 2004; 20(2):178-187. [PubMed: 15117517]

Meier PP, Engstrom JL, Fleming BA, et al. Estimating milk intake of hospitalized preterm infants
who breastfeed. J Hum Lact. 1996; 12(1):21-26. [PubMed: 8715234]

Meier PP, Engstrom JL, Crichton CL, et al. A new scale for in-home test-weighing for mothers of
preterm and high risk infants. J Hum Lact. 1994; 10(3):163-168. [PubMed: 7619266]

Meier PP, Lysakowski TY, Engstrom JL, et al. The accuracy of test weighing for preterm infants. J
Pediatr Gastroenterol Nutr. 1990; 10(1):62—65. [PubMed: 2324880]

Hurst NM, Meier PP, Engstrom JL, et al. Mothers performing in-home measurement of milk intake
during breastfeeding of their preterm infants: maternal reactions and feeding outcomes. J Hum
Lact. 2004; 20(2):178-187. [PubMed: 15117517]

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meier et al.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.
78.

79.

80.

Page 13

Hurst NM. Recognizing and treating delayed or failed lactogenesis Il. J Midwifery Womens
Health. 2007; 52(6):588-594. [PubMed: 17983996]

McManaman JL, Neville MC. Mammary physiology and milk secretion. Adv Drug Deliv Rev.
2003; 55(5):629-641. [PubMed: 12706546]

Meier PP, Engstrom JL, Janes JE, et al. Breast pump suction patterns that mimic the human infant
during breastfeeding: greater milk output in less time spent pumping for breast pump-dependent
mothers with premature infants. J Perinatol. 2012; 32(2):103-110. [PubMed: 21818062]

Bowen-Jones A, Thompson C, Drewett RF. Milk flow and sucking rates during breast-feeding.
Dev Med Child Neurol. 1982; 24(5):626-633. [PubMed: 7141119]

Mathew OP, Bhatia J. Sucking breathing patterns during breast- and bottle-feeding in term
neonates. Effects of nutrient delivery and composition. Am J Dis Child. 1989; 143(5):588-592.
[PubMed: 2718995]

Wolff PH. Sucking patterns of infant mammals. Brain Behav Evol. 1968; 1:354-367.

Wolff PH. The serial organization of sucking in the young infant. Pediatrics. 1968; 42(6):943-956.
[PubMed: 4235770]

Drewett RF, Woolridge M. Sucking patterns of human babies on the breast. Early Hum Dev. 1979;
3(4):315-321. [PubMed: 535550]

Sakalidis VS, Williams TM, Garbin CP, et al. Ultrasound Imaging of Infant Sucking Dynamics
during the Establishment of Lactation. J Hum Lact. 2013; 29(2):205-213. [PubMed: 22965645]
Santoro W Jr, Martinez FE, Ricco RG, et al. Colostrum Ingested during the first day of life by
exclusively breastfed healthy newborn infants. J Pediatr. 2010; 156(1):29-32. [PubMed:
19783000]

Hill PD, Aldag JC, Chatterton RT, et al. Comparison of milk output between mothers of preterm
and term infants: the first 6 weeks after birth. J Hum Lact. 2005; 21(1):22-30. [PubMed:
15681632]

Hill PD, Aldag JC. Milk volume on day 4 and income predictive of lactation adequacy at 6 weeks
of mothers of nonnursing preterm infants. J Perinat Neonatal Nurs. 2005; 19(3):273-282.
[PubMed: 16106236]

Wall EH, Crawford HM, Ellis SE, et al. Mammary response to exogenous prolactin or frequent
milking during early lactation in dairy cows. J Dairy Sci. 2006; 89(12):4640-4648. [PubMed:
17106096]

Hale SA, Capuco AV, Erdman RA. Milk yield and mammary growth effects due to increased
milking frequency during early lactation. J Dairy Sci. 2003; 86(6):2061-2071. [PubMed:
12836942]

Hurst NM. Recognizing and treating delayed or failed lactogenesis Il. J Midwifery Womens
Health. 2007; 52(6):588-594. [PubMed: 17983996]

Dewey KG, Nommsen-Rivers LA, Heinig MJ, et al. Lactogenesis and infant weight change in the
first weeks of life. Adv Exp Med Biol. 2002; 503:159-166. [PubMed: 12026015]

Chen DC, Nommsen-Rivers L, Dewey KG, et al. Stress during labor and delivery and early
lactation performance. Am J Clin Nutr. 1998; 68(2):335-344. [PubMed: 9701191]

Meier PP, Engstrom JL, Janes JE, et al. Breast pump suction patterns that mimic the human infant
during breastfeeding: greater milk output in less time spent pumping for breast pump-dependent
mothers with premature infants. J Perinatol. 2012; 32:103-110. [PubMed: 21818062]

The Joint Commission. Specifications Manual for Joint Commission National Quality Measures
(2013A1). 2013 May 30. 2012.

Baby-Friendly USA I. The Ten Steps to Successful Breastfeeding. 2013 May 28. 2012.
World Health Organization, UNICEF. Baby Friendly Hospital Initiative. 2007 Jun 15. 2004.

Breastfeeding-related maternity practices at hospitals and birth centersin the United States, 2007.
Morb Mortal Wkly Rep. 2008; 57:621-625.

Philipp BL, Merewood A. The baby-friendly way: the best breastfeeding start. Pediatr ClinNorth
Am. 2004; 51:761-783.

American Academy of Pediatrics. Breastfeeding and the Use of Human Milk. Pediatrics. 2012;
129(3):827—-e841. [PubMed: 22371471]

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Meier et al.

81.

82.
83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

94.

95.

96.

97.

98.

Page 14

Neville M, Keller R, Seacat J, et al. Studies in human lactation: milk volumes in lactating women
during the onset of lactation and full lactation. Am J Clin Nutr. 1988; 48:1375-1386. [PubMed:
3202087]

Meier PP. Breastfeeding Your Late Preterm Infant. McHenry, IL, USA: Medela, Inc; 2010.

Lucas A, Sarson DL, Blackburn AM, et al. Breast vs bottle: endocrine responses are different with
formula feeding. Lancet. 1980; 1(8181):1267-1269. [PubMed: 6104082]

Meier PP, Brown LP, Hurst NM, et al. Nipple shields for preterm infants: effect on milk transfer
and duration of breastfeeding. J Hum Lact. 2000; 16(2):106-114. [PubMed: 11153341]

Chertok IR, Schneider J, Blackburn S. A pilot study of maternal and term infant outcomes
associated with ultrathin nipple shield use. J Obstet Gynecol Neonatal Nurs. 2006; 35(2):265-272.

Shapiro-Mendoza CK, Tomashek KM, Kotelchuck M, et al. Risk factors for neonatal morbidity
and mortality among “healthy,” late preterm newborns. Semin Perinatol. 2006; 30(2):54-60.
[PubMed: 16731277]

Meier PP, Engstrom JL, Crichton CL, et al. A new scale for in-home test-weighing for mothers of
preterm and high risk infants. Journal of Human Lactation. 1994; 10(3):163-168. [PubMed:
7619266]

Hurst NM, Meier PP, Engstrom JL, et al. Mothers performing in-home measurement of milk intake
during breastfeeding of their preterm infants: maternal reactions and feeding outcomes. J Hum
Lact. 2004; 20(2):178-187. [PubMed: 15117517]

Woolridge, MW.; Butte, N.; Dewey, KG., et al. Methods for the Measurement of Milk VVolume
Intake of the Breastfed Infant. Jensen, RG.; Neville, MC., editors. New York: Plenum Press; 1985.
p. 5-20.

O'Connor DL, Khan S, Weishuhn K, et al. Growth and nutrient intakes of human milk-fed preterm
infants provided with extra energy and nutrients after hospital discharge. Pediatrics. 2008; 121(4):
766-776. [PubMed: 18381542]

O'Connor DL, Jacobs J, Hall R, et al. Growth and development of premature infants fed
predominantly human milk, predominantly premature infant formula, or a combination of human
milk and premature formula. Journal of Pediatric Gastroenterology & Nutrition. 2003; 37(4):437-
446. [PubMed: 14508214]

Aggett PJ, Agostoni C, et al. ESPGHAN Committee on N. Feeding preterm infants after hospital
discharge: a commentary by the ESPGHAN Committee on Nutrition. J Pediatr Gastroenterol Nutr.
2006; 42(5):596-603. [PubMed: 16707992]

Schanler RJ. Post-discharge nutrition for the preterm infant. Acta Paediatr Suppl. 2005; 94(449):
68-73. [PubMed: 16214769]

Sherman MP, Bennett SH, Hwang FF, et al. Neonatal small bowel epithelia: enhancing anti-
bacterial defense with lactoferrin and Lactobacillus GG. Biometals. 2004; 17(3):285-289.
[PubMed: 15222479]

Montagne P, Cuilliere ML, Mole C, et al. Changes in lactoferrin and lysozyme levels in human
milk during the first twelve weeks of lactation. Adv Exp Med Biol. 2001; 501:241-247. [PubMed:
11787687]

Ronayne de Ferrer PA, Baroni A, Sambucetti ME, et al. Lactoferrin levels in term and preterm
milk. J Am Coll Nutr. 2000; 19(3):370-373. [PubMed: 10872899]

Bhatia J. Bovine lactoferrin, human lactoferrin, and bioactivity. J Pediatr Gastroenterol Nutr. 2011;
53(6):589. [PubMed: 21873893]

Academy of Breastfeeding Medicine. ABM Clinical Protocol #10: Breastfeeding the Late Preterm
Infant (34 0/7 to 36 6/7 weeks gestation). 2013 Jun 2. 2011.

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



Meier et al. Page 15

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



1duosnuepy Joyiny vd-HIN 1dudsnuepy Joyiny vd-HIN

1duosnuey Joyiny vd-HIN

Meier et al.

Page 16

Box 2: Alternative to Triple Feeding as Breastfeeding is Advanced

Separate the day into stretches of time for feedings at the breast and stretches of
time for feeding pumped milk by bottle:

1.

During breastfeeding stretches:

1.

© N o O

During bottle feeding stretches:

1.

Select daytime hours when the mother and infant are rested for
breastfeeding and nighttime hours for pumping and feeding milk by
bottle

Pump both breasts thoroughly 4-5 times daily during the first week at
home

If the infant consumes at least half of the feeding volume at breast, he or
she can receive fewer (e.g., 4 or fewer) bottle feedings of pumped milk

If the infant consumes less than one fourth of the feeding volume at
breast, as many as 6 bottle feedings of pumped milk may be indicated

Start the breastfeeding as soon as the infant shows wakeful signs. Do not
wait for crying. Do not change clothing or the diaper with the intent of
making the baby “more awake”

Use the cross-cradle or football hold to provide head and neck support
Use the nipple shield and test-weights as indicated

If the baby falls asleep early in the feeding, change the diaper and
clothing to see if the activity increases wakefulness

Do not routinely offer a bottle after each breastfeeding
Do not routinely pump after each breastfeeding
Feed the baby immediately when he or she awakens again (e.g., “on cue”)

Pump and offer a bottle every 4-6 hours, depending upon infant's intake
(e.g., more intake = longer stretch without pumped milk)

When the infant awakens, the mother can use the breast pump to
completely remove available milk while the father or other designated
helper changes the infant's clothing (e.g., ensuring breast emptying)

The helper can feed the pumped milk by bottle, allowing the infant to
consume as much as he or she is able (e.g., ensuring adequate intake)

Everyone returns to sleep quickly.

Repeat this pattern throughout the nighttime hours, reducing the
frequency (and substituting feedings at breast) as the infant matures
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Key Points

1. Human milk is especially important for infants who are born prior to the final
maturation of body organs and systems, including MPIs, LPIs, and ETIs.

2. LPIsare at risk for underconsumption of milk during feedings at the breast due
to immature suction pressures and sleepy behavior, and their mothers are at risk
for delayed onset of lactation.

3. In-hospital management strategies should focus on protecting the maternal milk
volume and ensuring that the infant is fed appropriately, and may be
inconsistent with the BFHI’s Ten Steps for Successful Breastfeeding, which
were intended for healthy term infants.

4. During and after the maternity hospitalization, breastfeeding management for
the LPI and mother should incorporate evidence-based lactation technologies,
including the breast pump, in-home test-weighing, and the nipple shield, until
the infant approximates term, corrected age, and can remove milk from the
breast effectively.

5. Many of the management strategies outlined for the LPI can be adapted to the
MPI and ETI.
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Immature Physiology Matemal Risk factors for Poor Lactation
of the Outcomes in Mothers of Late Preterm Infants
Late Preterm Infant (e.g., Pre-eclampsia, Cesarean Section)

|

Delayed or Impaired Lactogenesis ||

l

« Poor Sucking Ability
« |mmature Suction Pressures

Low Rates of
Exclusive
Breastfeeding

Figure 1.

Decreased
/' Maternal Milk Volume >

Inadequate Infant Milk
Intake during Breastfeeding

Lactation-Related
Infant Morbidity

Schematic depicting the interplay of maternal and late preterm infant risk factors for
lactation associated morbidities and poor lactation outcomes Courtesy of L. Furman, MD,
Cleveland, OH and P. Meier, PhD, RN, RAAN, Chicago, Il
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1 2 3 4
Weeks after Hospital Discharge

| MW At Breast B Supplements and/or Complements

Figure 2.
Volume of milk consumed at the breast and as extra milk (supplements and complements of

pumped mothers' milk) during the first 4 weeks at home in premature infants discharged
from the neonatal intensive care unit. Courtesy of N.Hurst, PhD, Houston, TX, P.Meier PhD,
Chicago, 11l and J. Engstrom, PhD
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Figure 3.
Use of breastfeeding positions that support the head and neck of the LPI (and MPI and ETI)

facilitate milk intake during breastfeeding Courtesy of Medela, Inc., McHenry, I1I; with
permission.
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Figure 4.
Use of a nipple shield creates the nipple shape for the infant and helps compensate for weak,

immature suction pressures that develop with increasing maturity Courtesy of Medela, Inc.,
McHenry, 1l1; with permission.

Clin Perinatol. Author manuscript; available in PMC 2015 January 11.



