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ABSTRACT

The hospital discharge of premature infants in neonatal intensive
care units is often delayed due to their inability to feed by mouth
safely and competently. With immature physiologic functions, in-
fants born prematurely cannot be expected to readily feed by mouth
at the equivalent age of a third trimester of gestation as the majority
of their term counterparts do. Consequently, it is crucial that health
care professionals gain an adequate knowledge of the development
of preterm infants’ oral feeding skills so as to optimize their safety
and competency as they transition to oral feeding. With a greater
sensitivity toward their immature skills, we can offer these infants
a safer and smoother transition to independent oral feeding than
is currently observed. This review article is an overview of the
evidence-based research undertaken over the past 2 decades on the
development of very-low-birth-weight infants’ oral feeding skills.
The description of the different functional levels where these in-
fants can encounter hurdles may assist caregivers in identifying
a potential cause or causes for their individual patients’ oral feed-
ing difficulties. Am J Clin Nutr 2016;103(Suppl):616S-218S.
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INTRODUCTION

The March of Dimes has reported that more than half a million
births occur prematurely (<37 wk gestational age), representing
11.7% of the live births in the United States (www.marchofdimes.
com). Because the survival of preterm infants continues to increase
as a result of medical advances, the difficulties often encountered
by these infants to readily feed by mouth are gaining attention.

The care of preterm infants initially rests in the hands of the
medical team in neonatal intensive care units (NICUs).* After
overcoming life-threatening morbidities and developing chronic
conditions associated with prematurity, such as bronchopulmonary
dysplasia, intraventricular hemorrhage, periventricular leukomalacia,
and/or necrotizing enterocolitis, these infants’ hospital discharge is
often delayed because of their inability to feed by mouth safely and
efficiently. Because attainment of independent oral feeding is one of
the criteria recommended by the American Academy of Pediatrics
for hospital discharge (1), the longer these infants’ transition from
tube to independent oral feeding, the longer their hospitalization (2,
3). Consequently, prolonged oral feeding difficulties increase med-
ical costs and potential long-term oral feeding aversion and further
increase maternal stress as mother-infant reunion is delayed (4-7).
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Much of the understanding we have to date with regard to
infant oral feeding skills has been gained from bottle feeding.
This is not based, by any means, on the presumption that bottle
feeding is better than breastfeeding but rather on the technicality
that an infant’s performance during bottle feeding is a more
accurate reflection of his or her inherent skills because milk
availability is held constant. Indeed, during breastfeeding, an
infant’s oral feeding skills will be affected by maternal milk
availability, be it milk supply and/or ejection (letdown). From
a different perspective, one may consider “inherent” oral feeding
skills as the “mechanical” skills an infant has developed, spe-
cifically the ability of the different musculatures (sets of mus-
cles) implicated in sucking, swallowing, breathing, and
esophageal transport that need to work in an appropriate tem-
poral synchrony to prevent food penetration into the lungs and to
minimize unnecessary energy expenditure. On the other hand,
infant oral feeding performance is the resultant of these skills
plus the external factors imposed on the infant that may enhance
or hamper the use of his or her inherent skills (e.g., milk
availability, NICU environment, caregiver feeding approach).

DEVELOPMENT OF ORAL FEEDING SKILLS

Over the past 2 decades, research studies on the development
of infant oral feeding skills have focused primarily on the major
concerns of oral feeding issues in NICUs, namely infants’ ability
to suck, swallow, and breathe and their coordinated activities.
During the past decade, research on the development of
esophageal function has identified esophageal bolus transport as
an equally important component of infant oral feeding skills.
However, the impact that this component has on the safety and

! Presented at the meeting “Evaluating the Evidence to Support Guidelines
for the Nutritional Care of Preterm Infants: The Pre-B Project” held at the
USDA/Agricultural Research Service Children’s Nutrition Research Center,
Baylor College of Medicine, Houston, TX, 31 July—1 August 2014.

2 Supported by funding from the NIH (RO1 HD 28140, HD 044469, MO
1RR000188).

3 The contents of this publication are solely the responsibility of the author
and do not necessarily represent the official views of the NIH.

*Towhom correspondence should be addressed. E-mail: clau@bcm.edu.

4 Abbreviations used: CPG, central pattern generator; LES, lower esopha-
geal sphincter; LESR, lower esophageal sphincter relaxation; NICU, neo-
natal intensive care unit; PMA, postmenstrual age; UES, upper esophageal
sphincter.

First published online January 20, 2016; doi: 10.3945/ajen.115.109603.

Am J Clin Nutr 2016;103(Suppl):616S-218S. Printed in USA. © 2016 American Society for Nutrition

/T0Z ‘T 1snbBny uo 1sanb Ag Bio°uoninu-usle woiy papeojumoq


http://ajcn.nutrition.org/

@ The American Journal of Clinical Nutrition

INFANT ORAL FEEDING SKILLS

competency of infant oral feeding has not yet been fully rec-
ognized in clinical practices.

Development of sucking

Sucking may be nutritive or nonnutritive in nature with liquid/
milk ingestion involved or not involved, respectively. Wolff (8)
described nutritive sucking as occurring at 1 cycle/s and nonnutritive
sucking at 2 cycles/s. This difference may likely be due to the fact
that during nonnutritive sucking minimal swallows occur, except
for infants” own saliva. For both types of sucking, mature sucking
comprises 2 components: suction and expression (9, 10). Suction
corresponds to the intraoral negative pressure that draws liquid into
the mouth, an action similar to drinking with a straw. The lowering
of the lower mandible increases the volume of the oral cavity while
the closure of the nasal passages by the soft palate and the tight seal
of the lips around the breast or bottle nipple prevent air inflow (11).
Expression corresponds to the compression and/or stripping of the
tongue against the hard palate to eject liquid into the mouth (12,
13). In following the development of nutritive sucking in very-low-
birth-weight infants, we developed a descriptive scale based on the
presence and absence of the suction and expression components,
their respective rhythmicity, and the eventual attainment of a ma-
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ture rhythmic alternation of suction/expression (14). Figure 1
presents examples of the evolution of infant nutritive sucking pat-
terns as they mature. Stage 1, the most immature, is characterized by
the absence of suction and the arrhythmic presence of expression
only; stage 5, the most mature, is characterized by the rhythmic
alternation of suction/expression. From these studies, it has become
apparent that maturation of the expression component occurs before
that of suction. It is of interest to note that the presence of suction
alone is rarely observed in contrast to that of expression alone (C
Lau, unpublished observation, 1995), suggesting that maturation of
the musculature implicated in the generation of expression occurs
before that of suction (15).

With bottle feeding, safe and successful oral feeding does not
require mature sucking with the rhythmic alternation of suction/
expression. Infants who use an immature suck (i.e., expression
alone) can complete a feeding, albeit not as efficiently (12, 14). On
the other hand, with breastfeeding, it is unclear that successful
breastfeeding can be achieved with the use of expression alone.
This is anecdotally supported by the observation that preterm
infants have difficulty latching onto the breast early on. Elliott (16)
showed that the use of a nipple shield can facilitate the latching-on
process to the breast. In our own institution, a nipple shield is
provided early to mothers in the NICU as a “lactation tool” to
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FIGURE 1 Five-stage descriptive scale of the development of infant nutritive sucking characterized by the presence or absence of the suction and
expression components of sucking and the sequential appearance of their respective rhythmicity and frequency.
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preserve mother-infant breastfeeding relation, namely maternal
interest in breastfeeding, maintaining lactation, and expressing
milk. A number of studies have shown the benefits of the use of
nipple shields, although their use has not been readily advocated (17—
21). These studies, however, did not investigate the potential reason
or reasons for such advantages. Taking the above together, the author
speculates that the failure of very-low-birth-weight infants to
breastfeed successfully likely results from their inability to remain
latched onto the breast during a breastfeeding session. In the absence
of the suction component, infants likely cannot retain the maternal
nipple in their mouth for prolonged time periods because it does not
have the rigidity of a bottle nipple or that of a nipple shield.

Nutritive sucking can be looked on as a closed-loop system.
Indeed, safe and successful transport of the bolus depends on 2
essential events: /) a timely “downstream” synchronization of
sucking, swallowing, respiratory, and esophageal functions to
prevent liquid penetration and aspiration, respiratory disruption,
and sluggish esophageal transport of the bolus, respectively, to
the stomach and 2) an appropriate feedback at the level of each
of these functions to send back “upstream” the proper signal of
whether sucking need to be stopped, delayed, or maintained
(Figure 2A). It has been proposed that the rhythmicity of these
functions is controlled by central pattern generators (CPGs) in
the brain, with the CPGs for sucking, swallowing, and respira-
tion anatomically located in the medulla (15). If correct, one
needs to presume that nutritive sucking will be safe and efficient
when the maturity level of these CPGs is sufficiently adequate to
allow for the smooth passage of a bolus from mouth to stomach.
In contrast, as mentioned above, nonnutritive sucking implicates
minimal swallows because no liquid is ingested, except for in-
fants’ own saliva. As such, it is an activity confined within the
oral cavity that is independent of the swallow, respiratory, and
esophageal functions (Figure 2B). This may be why infant
nonnutritive sucking occurs at a faster frequency (2 cycles/s)
than does nutritive sucking (at 1 cycle/s) and matures earlier
(Figure 3A) (8, 10). Consequently, nonnutritive sucking is
a good marker for sucking per se but is not predictive of infants’
nutritive sucking and their readiness to oral feed.

Maturation of the swallowing process

The swallowing process comprises the oral preparatory,
pharyngeal, and esophageal phases involved in the formation of
the bolus and its transport to the stomach through the pharynx and
esophagus, respectively. This is a process that infants who are
born prematurely have not yet attained (11, 22). Because nutritive

A Nutritive sucking = functional dependence

Swallowing —*| Esophageal

function

LAU

sucking occurs at 1 suck/s, the transport of individual boluses
must occur rapidly before the next one takes place. Any delay of
the bolus passage during the oral, pharyngeal, and/or esophageal
phase will disrupt the normal sequence of events and increase the
risks of adverse events (e.g., choking, respiratory disruptions,
fluid penetration/aspiration into the lungs) (4, 11, 23, 24).

Oral preparatory phase

With maturation, the swallowing process becomes more
adaptable and efficient. For instance, infants can handle larger
and varying bolus sizes (25, 26). The propulsion force or
intrabolus pressure exerted by the tongue in propelling the bolus
onto the posterior wall of the oropharynx to initiate the swallow
reflex increases as does the swallow rate (26—28). It is of interest
to note that when a liquid bolus is held in the mouth, the for-
mation of a “functional” glossopalatal sphincter has been de-
scribed. This consists of the pinching together of the posterior
tongue and soft palate to prevent premature fluid spilling into
the pharynx. Pooling of the liquid above this sphincter not
only preserves the liquid from dispersing but may also increase
the intrabolus pressure above the sphincter, facilitating the
propulsion of the bolus into the oropharynx to initiate the
swallow reflex when the glossopalatal sphincter relaxes (29).
Because safe and swift swallows require an appropriate matu-
ration and synchrony of these functions, it is understandable that
the immaturity of preterm infants could lead to unsafe suck-
swallow interactions.

Pharyngeal phase

Once the swallow reflex is initiated, appropriate pharyngeal
anterograde peristalsis determines the swiftness at which the bolus
travels through the pharynx to the upper esophageal sphincter (UES)
before the next bolus arrives as well as the rapid clearance of re-
sidual fluid around the valleculae and pyriform sinuses to minimize
laryngeal penetration. The valleculae are bilateral depressions at the
base of the tongue, and the pyriform sinuses are recesses on either
side of the laryngeal orifice. Both structures are situated at the level
of the epiglottis. Liquid trapped in these recesses increases risks of
penetration/aspiration into the larynx when the epiglottis is opened.
Consequently, timely closure of the epiglottis determines the safety
at which fluid will not enter into the larynx.

Esophageal phase

A better understanding of the maturational process of
esophageal function of preterm infants was recently gained with

B nonnutritive sucking = functional independence

Swallowing
=

Esophageal
motility

FIGURE 2 Schematic of the functional dependence (A) and independence (B) of sucking, swallow, respiratory, and esophageal functions during nutritive

and nonnutritive sucking, respectively.
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FIGURE 3 Tracings of nonnutritive and nutritive sucking monitored 3 min apart during same-feeding sessions of an infant born at 33 and 1/7 wk
gestational age introduced to oral feeding at 34 and 2/7 wk postmentrual age (A) and attaining independent oral feeding at 36 and 1/7 wk postmentrual age (B).
The frequency difference in the nonnutritive (2 cycles/s) and nutritive (1 cycle/s) sucking patterns likely results from the absence and presence of subsequent
swallowing events, respectively.

the availability of novel methodologies/tools tailored to their  pedance. From these advances, the esophagus is now recognized
small size: for example, endoscopic manometry, multichannel  as comprising 3 distinct elements shown to mature at different
intraluminal impedance, and pH-multichannel intraluminal im-  times and phases as described below:
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FIGURE 4 Simultaneous monitoring of the nutritive sucking (suction and expression), swallow event (as identified by hyoid upward movement) and respiration
in a 29-wk-gestational-age infant at 47 d of life who experienced an episode of deglutition apnea. Feeding was halted when the infant “turned blue.”
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1) UES: Studies have shown that most preterm infants with
weak pharyngeal pressures show poor coordination be-
tween pharyngeal bolus propulsion and UES relaxation,
thereby delaying timely transport of the bolus from the
pharynx into the esophagus. Increased pharyngeal pressure
associated with well-developed UES and esophageal mo-
tility appears at ~33-34 wk postmenstrual age (PMA)
(30, 31).

2) Esophageal body: In preterm infants, the immaturity of the
esophageal body parallels that of the small intestine, both
likely a result of the immaturity of the central and periph-
eral neuromotor properties of these organs (32, 33). Two
groups of waves have been characterized: peristaltic and
nonperistaltic. The peristaltic waves can be antero- or ret-
rograde in nature, whereas the nonperistaltic waves in-
clude synchronous and incomplete wave patterns (34).
Proper transport of a bolus toward the stomach requires
the presence of anterograde peristaltic waves from the
UES down to the lower esophageal sphincter (LES). Ret-
rograde peristaltic waves, in contrast, transport a bolus
back upstream and have been blamed for occurrences of
regurgitation. However, with maturation, the occurrence
of nonperistaltic waves decreases, whereas that of antero-
grade peristaltic waves increases (35, 36).

3) LES: One of the physiologic functions of the LES is to
control the anterograde bolus entry into the stomach and
the retrograde nutrient flow back into the esophageal body.
Two types of LES relaxation (LESR) have been described:
the swallow-related LESR associated with the anterograde
bolus transport into the stomach and the transient LESR,
independent of swallowing and associated with belching
and/or gastroesophageal reflux. Transient LESR is not nec-
essarily associated with feeding, and it is unclear whether
its occurrence increases with immaturity (37).

Maturation of the respiratory process

Safe oral feeding entails proper oxygenation. Because the
majority of preterm infants mature, their oxygen requirement
and episodes of oxygen desaturation and/or apnea likely de-
crease. With respiratory rates ranging between 40 and 60 breaths/
minute, preterm infants average ~ 1-1.5 breaths/s. However,
given that a swallow event may last between 0.35 and 0.7 s (38),
some infants may not have sufficient time between swallows
to appropriately breathe, thereby threatening the balance of
oxygenation and ventilation. In addition, during oral feeding,
minute ventilation decreases, whereas expiration is prolonged
and inspiration shortened (39-41). All of these events occurring
together threaten balanced oxygen—carbon dioxide exchanges.
As such, some preterm infants may have difficulty tolerating
oral feeding for a prolonged time period. It is conceivable that
episodes of deglutition apnea commonly observed in preterm
infants may facilitate oral feeding but at the precarious expense
of respiration (Figure 4).

An additional safety concern pertains to when swallowing is
safe in relation to the respiratory phases or swallow-respiration
interfacing. Although swallows can occur at any phase of res-
piration, for the majority of full-term infants and adults, they
primarily occur at respiratory phases that minimize the risks of
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pulmonary aspiration when no air inflow occurs (e.g., exhalation,
end of inspiration or exhalation, and during respiratory pauses)
(42, 43). Unfortunately, preterm infants primarily swallow during
deglutition apnea and inhalation, increasing their risk of oxygen
desaturation and laryngeal penetration/aspiration, respectively
(26, 44).

In summary, infants’ readiness to oral feed is a primary
concern of caregivers before weaning their patients from tube
feeding. However, the criteria that define such readiness remain
elusive. With the current practice, oral feeding is carefully in-
troduced at a certain PMA by using a “trial-and-error” approach
at ~32-34 wk PMA. If an infant shows any adverse effects,
interventions lacking evidence-based support are offered, but
any ensuing improvement or improvements cannot rule out in-
fants’ normal maturation process [e.g., side-lying feeding posi-
tion (45), cheek and chin support, cue-based feeding].

The increase in survival of preterm infants has led to the
growing awareness and urgency that evidence-based knowledge
of these infants’ physical and physiologic immaturities is ger-
mane to our ability to understanding why so many of them have
difficulty feeding by mouth. The numerous neuromotor and
neurophysiologic functions that can be impaired with immatu-
rity along the path taken by a bolus descending into the stomach
are overwhelming, and it is no surprise that so many preterm
infants encounter difficulties feeding by mouth. Although the
information presented in this review has not fully reached the
clinical arena, it would appear that the term “readiness to oral
feed” best relates to an infant’s ability to safely and efficiently
coordinate sucking, swallowing, respiration, and esophageal
functions. Scales to assess “readiness to oral feed” have been
developed, but their recognition has not been readily accepted
(46-53). On a final note, it is encouraging to know that the re-
search on infant oral feeding has led to the development of oral
feeding assessment scales and evidence-based interventions and
tools that can enhance preterm infants’ skills at various func-
tional levels (44, 54-58).
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