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FEEDING DISORDERS IN THE HIGH-RISK INFANT

Discharge of the high-risk newborn from the neonatal intensive care unit (NICU) typically includes successful volume and rate of oral intake by either breast or bottle,
and appropriate and consistent weight gain for specified amounts of time.1 Delay in
discharge is often attributed to a lack of attaining success at eating skills and adequate
growth. These delays often cause frustration for the parents who are anxious to have
their baby home, and frustration for the professional staff, including the case manager,
who are also anxious to save hospitalization costs and lengthy stays.
Feeding problems develop through interactions among biological, behavioral, and
environmental factors, and preterm infants and their families, especially infants born
extremely preterm, are at high risk for feeding problems, developmental delay, and
relationship difficulties as well as compromised growth.2–4 Adequate growth is typically regarded as a positive outcome for high-risk infants but is difficult to achieve
in the NICU. The majority of growth faltering occurs in the initial hospitalization for
a myriad of infant and medical reasons, including nutrient absorption and gut
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intolerance.5 Much attention has been focused on the need for improved growth in the
initial hospital stay, as the highest rate of growth has been correlated with both
a reduced risk of developmental delay and better growth at 18 months corrected age.6
Early weight gain is known to be predictive of later growth in term infants, and is
likely predictive in the preterm population as well. Ross and colleagues7 found that
term infants who lost a significant amount of weight between their 4- and 6-month
well child visits were more likely to have growth faltering when compared with those
whose weight for age did not shift as significantly. As low birth weight (LBW) and
very low birth weight (VLBW) infants transition to home, in the short term they are
likely to have poorer weight gain than their larger counterparts. Deloian8 found
that LBW infants gained an average of 35 g per day and VLBW infants gained
only 18.7 g per day. Ross9 examined preterm infants both at term and 2 weeks corrected age. Weight gain per day between term and 2 weeks ranged from 6.3 to 90.3
g per day, indicating great variability in infant growth. After discharge from the NICU
many high-risk infants experience growth faltering.7 Dusick and colleagues,10 as
part of the National Institute of Child Health and Human Development Neonatal
Research Network, evaluated infants within 14 centers for growth problems. At 36
weeks gestational age, 97% of VLBW infants weighed less than the 10th percentile
for their age, and of those with birth weights of 501 to 1000 g, 99% had weights
less than the 10th percentile. At 18 to 22 months corrected age, 40% of these
infants continued to have weight, length, and head circumferences less than the
10th percentile.
Wood and colleagues5 studied infants born at less than 26 weeks’ gestation who
were AGA, and found weight and head circumference z-scores that fell below the
mean at both the estimated due date and at 30 months corrected age. Dodrill and
colleagues10,11 found the mean lengths and weights of preterm, AGA Australian
infants were significantly less than their term counterparts across all time points
(term, 4 months, 8 months, and 12 months corrected age). Those infants born small
for gestational age (SGA) had greater weight faltering (defined as a weight for age
less than the 10th percentile) than did those born average for gestational age (AGA),
69% and 42%, respectively.10
Feeding problems are even more prevalent than are growth problems in the preterm
population. Hawdon and colleagues12 followed 35 infants with a mean gestational age
of 34 weeks at birth, and found 40% of them with poor coordination of sucking, swallowing, and breathing at the time of assessment in the NICU (between 36 and 40
weeks postmenstrual age). At 6 months, these same infants who had poor coordination continued to demonstrate increased feeding difficulties. These infants were 6
times more likely to vomit and 3 times more likely to cough during mealtimes than
the infants demonstrating coordinated feeding at the time of discharge. Continued
difficulty with textures at 12 months were also found, along with limited enjoyment
of mealtimes, further complicating infant growth, development, and family relationships.12 In a study of 2118 Taiwanese infants born with a birth weight of less than
2.5 kg who were evaluated in the first 5 years of life, more than 90% of the children
were identified with some form of feeding problem in each of the years 2005 and
2006.13 Of a healthy sample of extremely low birth weight (ELBW) infants examined
by Mathisen and colleagues,14 80% had feeding problems such as poor intake,
fatigue, and delayed feeding skills at 6 months corrected age. These infants were
more demanding, more easily frustrated, and more likely to have difficulty with
textured foods than the full-term controls.14 Furthermore, 40% had episodes of
aspiration with eating, and 85% continued to have gastroesophageal reflux.14 Cerro
and colleagues15 studied infants born at less than 32 weeks gestational age, with
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a mean birth weight of 1243 g, at a mean age of 2.5 years of age (range 1.6–3.6 years).
At the time of follow-up they found that 78% of parents were concerned about the
quality of food their children were eating, and 45% wished to change their child’s
eating behaviors.15 Food refusal was reported by 58% of parents, 51% used food
rewards, and 69% used coaxing to encourage intake.15 In addition, parents reported
that 28% had poor weight gain, 33% vomited, 32% were treated with reflux medication, 27% had chronic diarrhea, and 67% constantly refused food.15
The risk of poor feeding outcomes appears to increase as gestational age
decreases.14,15 Of ELBW infants weighing 600 g or less, 62% had continued eating
problems at 2 years corrected age, and 29% had gastrostomy tubes.16 These findings
justify Thoyre’s17 conclusions that extremely preterm infants may eat sufficiently for
discharge but are not yet skilled eaters, and may continue to have major challenges
with eating for months and years after discharge from the NICU.
Late preterm (LPT) infants do not escape feeding issues, even though their development is further along than their earlier-born counterparts. Infants born LPT look deceptively vigorous at feeding times, but easily lose state organization and energy to finish
eating. These infants typically are less able to achieve effective sucking and swallowing, and may need multiple feeding methods during the transition to oral feeding.18,19
Breastfeeding is particularly challenging, as these infants are sleepier and have less
stamina to latch on and to finish eating. Challenges for feeding are dominant reasons
for delayed discharge.20
Parents often evaluate their baby’s health and their own competency as parents
before and after discharge by feeding success and weight gain. Much of an infant’s
time awake is spent eating in the first year of life. Thoyre4 found that parents’ concerns
regarding feeding their infants centered around ensuring adequate intake of volume and
calories, safety during feeding, and making changes to the feeding plan once they were
home with their infant. Parents report not enjoying the feeding experience,12 and feeling
less confident in caregiving in general and feeding in particular.21,22 Parents also report
having to deal with their infant’s variable interest in eating, fatigue, and low
intake.3,4,17,23,24 Feeding disorders in infancy significantly affect the mother-infant interaction,23 with a higher degree of dysfunction especially when feeding disorders do not
have an obvious organic reason. Early feeding disorders contribute more significantly
than other regulatory problems to long-term mental health and behavior problems,
establishing difficult interaction patterns between parents and children.25–27 Ongoing
infant feeding issues also affect the relationship between the parents themselves.
EATING AS A NEURODEVELOPMENTAL PROCESS

Early infant eating behavior of the infant is thought to be neurologically based and
developmental in nature. Several scientists who study the maturational sequence of
eating (suck rhythm stability, aggregation of sucks and swallows into runs, length of
suck run, and suck-suck interval) suggest that assessment of early eating competence
and coordination could predict longer-term neurodevelopmental outcomes,28–30 and
that the coordination of breathing and eating could reflect an “intrinsic calendar of
neurodevelopment rather than experiential or learned behavior.”29
For the purposes of the following discussion, eating refers to the infant’s role and
feeding refers to the actions taken by the person who provides support for the baby
to eat/drink. To eat effectively, infants must sense and react to a variety of tactile,
kinesthetic and proprioceptive, olfactory, auditory, and visual inputs at the same
time they have to coordinate sucking, swallowing, and breathing. Preterm infants
must manage the amount, duration, and timing of sensory input that a feeding

733

734

Browne & Ross

demands. In addition, they must maintain an alert state, maintain energy for the duration of feeding, and maintain body as well as oral-motor tone to achieve successful
eating. Most early-born infants are not initially able to simultaneously manage these
neurodevelopmental demands such that they accomplish successful eating.
DEVELOPMENTAL PRECURSORS FOR SUCCESSFUL EATING

As described in Lickliter elsewhere in this issue, sensory systems develop in an orderly
manner, emerging through gestation. Inappropriate inputs at a given developmental
stage may interfere with other emerging sensory development.31 Precursors to infant
eating are present early in fetal development. As early as 7 to 8 weeks’ gestation there
is avoidance in response to perioral stimulation, and by 11 weeks perioral stimulation
results in global movement and swallowing. By 16 weeks mouthing can be detected,31
and by 24 to 25 weeks reflexes such as sucking and rooting can be elicited. By 28
weeks, the fetus can produce a weak suck and palmar grasp,32 yet stable nonnutritive
sucking is not well identified until 34 weeks.33 Chemosensory development emerges
early in gestation, with responsiveness to taste in the amniotic fluid detected by 16
weeks. From 28 to 29 weeks the fetus/newborn can detect, discriminate, and learn
about taste and odor (see the articles by Mennella Sullivan elsewhere in this issue,
and the reviews by Graven and Browne34,35). Newborns orient first to lactating mothers,
but quickly begin to differentiate their own mother’s breast milk from other breast milk
odor.36,37 Schaal and colleagues38 examined behavioral responsivity in preterm
infants, finding selective response to a mother’s familiar odor with orienting to the
familiar mother’s odor. These contributions to the attachment relationship and to eating
success are well documented (see review by Browne and Graven34 and the article by
Sullivan elsewhere in this issue). It is not until the infant is 34 to 36 weeks that safe
oral feeding is recommended,39 and sucking, swallowing, and breathing coordination
is not well established until 37 weeks or later.40
Successful eating requires coordination of breathing with sucking and swallowing,
and involves functional interaction of jaw, tongue, soft palate, pharynx, larynx, and
esophagus.41 Although term infants have appropriate rhythmicity of sucking and swallowing at birth, they continue to show improvement of efficiency over the first month
post term age with increased volume per suck.42,43
Emerging physiologic studies of eating in preterm infants show a developmental
progression with oral-motor skill development between 30 and 45 weeks postmenstrual age. These skills require suction and compression, and the ability to move fluid
back into the pharyngeal area and into the esophagus for swallowing. Preceding
this skill is nonnutritive sucking (eg, on a finger or a pacifier), which is typically 2 sucks
per second, whereas a nutritive suck rhythm and coordination is 1 suck per second. As
demonstrated by Mizuno and Ueda,44 24 preterm infants studied at 32 weeks postconceptional age had poor sucking pressures, frequencies, duration, and efficiency,
with maturation weekly through 36 weeks postconceptional age of all variables.
Several other studies similarly have identified a developmental progression of transfer
of increasing volumes of milk, rate of transfer, and number of successful oral feedings
in preterm infants as they mature to term and postterm ages.42,45 Gewolb and
colleagues29 found that suck runs in preterm infants were a function of postmenstrual
age, not postnatal age, adding to the perspective that success in eating is a neurodevelopmental process. Lau and colleagues42 demonstrated that preterm infants began
nutritive sucking using a weak compression of the nipple, followed by the emergence
of negative suction, with a gradual integration and strengthening of both compression
and suction noted between 32 and 36 weeks gestational age.
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Ultrasound studies show some variability, but most infants mature to a typical ratio
of one suck, one swallow, one breath after reaching 37 weeks postconceptional age.40
The relationship between sucking, swallowing, and breathing matures with increasing
postconceptional age.28,33,44 Infant ventilation stops during swallowing,46–49 and
Durand and colleagues47 postulate that eating may override respiratory chemical
control, further complicating feeding success for infants with respiratory compromise.
Hanlon and colleagues50 examined the effects of feeding on ventilation, and found
frequent deglutition apneas with preterm infant feeding and fewer apneas as infants
reached term. However, in the infants studied, deglutition apnea was still detected
during feeding at term age. Gewolb and Vice28 further examined respiratory rhythm,
integration of swallows, respiratory rhythms, and apneic swallows with feeding
preterm infants, finding significant relationships of each with postmenstrual age and
not postnatal age.
Taken together, these data indicate that the integration of sucking, swallowing, and
breathing is significantly delayed in most infants born preterm compared with infants
born at term, that eating skills mature depending on postmenstrual rather than postnatal age regardless of exposure to eating experiences in the preterm infant, that swallows resulting in apnea are typical in early-born infants during eating episodes
(potentially setting up a negative reaction to being fed), and that preterm infants
may not be able to manage coordinated eating until well after term, especially if
they have medical compromise.
In addition to these physiologic aspects of eating, the infant is expected to manage
the organization of arousal, which is not well developed until well after term. Motor
tone and smooth movements are also not well organized in the preterm infant. Physiologic, state, and motor reactivity to typical sensory input, handling, and social bids
can further compromise the infant’s availability, vigor, and organization of developing
skills for eating and being fed. Repeated negative experiences during eating may lead
to feeding aversions, as neuronal mapping is occurring rapidly at this age.51
A NEURODEVELOPMENTAL APPROACH TO SUPPORTING EMERGING EATING SKILLS
IN HIGH-RISK INFANTS

Adverse short-term and long-term outcomes may be in part attributable to not only
a failure of the infant to organize him or herself for successful eating but also to being
pushed to eat earlier than they may be able to manage given their level of developmental
organization. The emerging understanding of the development of eating skills in high-risk
preterm infants and clinical observations of feeding practices in NICUs prompted the
development of an approach based on the baby’s ability to regulate his or her physiology, level of arousal, motor movements, and management of sensory input as they
develop eating skills. Based on the Synactive Theory as an overarching paradigm,52
the Baby Regulated Organization of Subsystems and Sucking (BROSS) approach
encompasses observation of the infant’s emerging stability or instability, his or her sensitivity to the physical and handling environment, and determination of the infant’s ability
to manage skills at 6 consecutive developmental levels of eating. Starting on the first day
of admission to the NICU, observation of the infant’s organization and vulnerabilities
during feeding opportunities is performed, with suggestions for how to support early
behavioral organization precursors of emerging pre-eating and eating skills.
At each developmental level of the approach the infant’s physiologic, motor, and
state systems, or so-called subsystems referred to in the Synactive Theory, are evaluated. Without optimal physiologic organization, appropriate arousal, and robust tone
and movement, the infant will not be able to manage appropriate and organized eating
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skills. During the first phase of the hospitalization, infants born VLBW or ELBW or who
are very ill and who are not yet being fed are evaluated for overall stability in these
subsystems, and suggestions are made to enhance subsystem organization as
described in the Newborn Individualized Developmental Care and Assessment
Program (NIDCAP) approach.53 Positioning, comfort, cyclicity of caregiving, and availability of the familiar mother’s sensory offerings is essential at each stage, but in
particular when the baby is critically ill and typically disorganized. The first stage of
the BROSS is thus described as Subsystems Stability in Bed, during typical NICU
interactions and procedures.
As the baby becomes more stable and is able to be handled and perhaps held by his
or her parents or professional staff, the same evaluation is made of Stability of Subsystems when Handled. This stage typically occurs when the infant has developed some
medical stability but is still not robust enough for any introduction of oral feedings.
Transfer from the bed to the lap, holding by a sensitive caregiver, and provision of
feeding-related cues such as smells of milk, elicitation of the rooting reflex, and sound
of the caregiver’s voice can assist the infant in foundational readiness for eating.
Holding during all feedings once stability is achieved, even if the infant receives
gavage feedings, supports the infant as he or she develops an expectation of organized external sensory input from the caregiver, and assists with organization of the
infant’s competence during feeding. Often infants who can manage to have some
stability while held are unable to manage multiple sensory inputs at the same time,
much less being prompted to suck either nutritively or nonnutritively. Mosca54 demonstrated that holding stable premature infants during gavage feedings helped the infant
to increase the time they spent in more desirable, quiet alert, and drowsy infant behavioral states, resulted in less apnea at the beginning of feedings than seen when infants
were fed prone in bed, and did not compromise infant physiologic stability. Behavioral
states become significantly more organized across the 31-week to term gestational
ages.55
Once the infant is predictably able to show subsystem stability while held and
shows more robust and consistent indications of hunger through the rooting reflex,
mouthing, increased activity, and responsiveness to the mothers voice and odor,
they are able to progress to Stability of Subsystems During Nonnutritive Sucking on
a finger, pacifier, or a mother’s empty breast as the next developmental phase. As
the infant matures, nonnutritive sucking (NNS) becomes more robust and stable, optimally organizing at around 34 weeks.33 When first introduced, NNS may be weak or
disorganized, with the infant rarely able to keep the pacifier in his or her mouth. As
the baby’s subsystems become more stable and they can organize their arousal,
breathing, and motor tone, a stronger and more rhythmic sucking pattern will emerge
with 5 to 10 or more sucks per burst. During NNS there is no need for the baby to
swallow, making it easier to breathe while sucking.
Infants may become very predictable and robust in their NNS patterns and may use
NNS for calming. However, robustness of NNS is not predictive of infants’ ability to
transition to managing fluid,56 as they then must protect their airway and coordinate
sucking, swallowing, and breathing. Many infants approach a nutritive bottle with an
NNS pattern, but when the fluid is introduced into their posterior pharynx they exhibit
deglutition apnea, as described previously. This Obligatory phase can be very challenging for the infant, as it is a significant developmental transition in the progression
to oral feeding. It can be particularly challenging if the person feeding the infant is not
in tune with the infant’s sucking, and lack of breathing and can result in severe physiologic compromise. Many infants suck in 10- to 20-suck bursts without breathing, as
if they were sucking nonnutritively without the need to coordinate swallowing and
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breathing. Once the infant starts to breathe he or she often cannot manage the fluid
that has been expressed during the sucking burst. Attunement of the feeder to the
subsystem organization is essential in helping the infant avoid decompensation and,
importantly, avoid a negative experience with eating. Often infants need a slowed
flow from the nipple, frequent rest periods, and significant pacing to manage even
minimal amounts of fluid, all of which have been shown to be beneficial when an infant
is struggling to manage the suck-swallow-breathe coordination.57–59 However, many
infants who exhibit extreme physiologic, state, or motor compromise consistent with
this phase should not be orally fed, but should instead be allowed to mature for several
days to weeks at the NNS phase to allow for development of skills.
As infants mature, they develop an increasingly adaptive response to managing the
flow of fluid from the nipple, and show an Alternating Pattern of sucking and breathing.
That is, they suck for a burst of 3 to 5 sucks and alternate with breathing, albeit tachypneically. In this phase, initially there frequently are longer sucking bursts accompanied
by mild desaturations, with recovery during the tachypneic catch up. Later in this
phase the sucking bursts and tachypneic catch-up breaths are shorter in duration
as the infant begins to better manage the suck, swallow, and breathe coordination.
Typical of this phase is limited state availability and motor robustness to complete
the amount expected to be fed.
The Intermittent Sucking Phase indicates further developmental organization and
management of subsystems during eating. The infant inserts brief catch breaths once
every 2 to 3 sucks, and longer sucking bursts appear with the catch breaths imbedded.
Suction on the nipple becomes stronger, and there is an integration of suction and
expression. Ultimately, there is a longer burst and more efficient sucking, with greater
volumes of fluid transferred to be swallowed. The infant begins to have a more robust
alert state for eating, and may be available for some mild social interaction.
The hallmark of the Coordinated Phase is when the infant develops a mature and
coordinated sucking pattern with sucking bursts of 20 to 30 sucks, seamlessly integrating breathing with sucking and swallowing. Although many infants have a pattern
of one suck, one swallow, and one breath, most babies develop their own coordinated
pattern with modulated suction and expression. The alert state becomes more robust
for the entire feeding, and more predictable availability for social interaction begins to
emerge. This phase is typically seen in infants after transitioning home from the NICU.
Further eating organization, smoothness, and predictability of eating routines and
social relationship development occurs well after term for most infants. The Integrated
Phase is described as having full coordination of sucking/swallowing and breathing
without increased work of breathing or tachypnea, clear demands to be fed and enjoyment of eating, and unique social interaction characteristics between the baby and the
primary caregiver.
Pilot data collected for 30 preterm infants (not adjusted for medical morbidity) in
a cross-sectional pilot study reveals a correlation between increasing postmenstrual
age and increasing feeding score (Spearman’s correlation yielded a rho of 0.68
[P<.0001]).60 This correlation suggests that an increasingly organized feeding score
is correlated with increasing postmenstrual age at the time of the observation.
CHALLENGES TO EMERGING EATING COMPETENCE FOR HIGH-RISK INFANTS

The described phases of the development of eating skills are typically observed in
preterm infants who have medical histories with few complications. However, no
ranges of gestational ages are offered because of the unique individual developmental course that each infant experiences. In general, the descriptors follow the
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findings of physiologic and behavioral developmental studies. Although most infants
follow this general pattern of development of eating skills, many infants have a slower
progress than others and may take days, weeks, or months until they achieve the
same level of eating that other infants born at the same conceptional age achieve.
Contributions to these delays may include the medical condition of the infant,
including early birth, invasive and noninvasive interventions in the NICU that may
disturb the organization of the already compromised infant, and the environment in
which the infant is developing. Infants with more medical comorbidities are most at
risk for delayed attainment of oral feedings.61 Dodrill and colleagues62 studied 472
infants born at less than 37 weeks gestational age, and found that preterm infants
who were less mature at birth, or who had a greater number of medical comorbidities,
were delayed in their transition to full oral feedings and were more mature at attainment of full oral feedings. The earlier born or medically fragile the infant and the longer
he or she is exposed to these 3 factors, the more likely it is that eating organization will
be affected. For example, studies on outcomes of chronically ill and hospitalized
groups of children show several similar findings; that the smaller the infant was at birth
and the longer he or she was ventilated or had major surgery, the less weight they
gained after discharge.7 For infants with bronchopulmonary dysplasia, successful
full oral feedings typically not only delayed but are negatively correlated with the
gestational age of the infant, with later development occurring for those infants
born more prematurely.61 Similarly, infants with cardiac defects had significant delays
with feeding readiness, successful gastric feeding, oromotor readiness, and oromotor
skills.61,63
Effects of the infant medical condition on successful eating outcomes include pain
and discomfort that is internally generated, such as abdominal pain or headaches,
which are difficult to understand in the preverbal infant; nausea or gastrointestinal
upset such as gastroesophageal reflux; respiratory distress and what adults would
describe as breathlessness; pharmacologic side effects; neurochemical imbalance;
and nutritional deficits, among others. The extent to which infants associate discomfort and pain with being fed is not known. However, what is known is that infants with
gastrointestinal issues as well as those with respiratory disease are overrepresented in
tertiary feeding clinics.64–66
Procedures can also affect the infant’s success at eating. Infants typically undergo
unpredictable interventions, which often override the infant’s physiologic stability;
timing of procedures that either interrupt or do not take into consideration the infant’s
sleep state; pain and discomfort from procedures with limited or no pain management;
lack of basic comfort measures such as positioning for self-regulation; and prolonged
intubation and feeding tubes. Prolonged use of nasogastric tubes, for instance, is
correlated with increased episodes of gastroesophageal reflux, as well as feeding
problems and increased facial defensive behaviors in infants well after discharge
from the NICU.67,68
Accumulating evidence of the impact of environments on infant organization
primarily highlights the lack of the regulating environment of the mother’s body, so
important for most infants during feeding interactions (see the articles by Mennella,
Sullivan, and Champagne elsewhere in this issue). Furthermore it has long been
known that environments filled with unpredictable and intrusive sound, light, and
activity can affect the infant’s physiologic and state organization.69 Other factors
that influence the infant’s organization for eating are nonsupportive bedding and
handling that do not allow for self-regulation and deep sleep, and multiple caregivers
who present a variety of unfamiliar odors, voices, touch, and rhythm to which the
infant must adjust.
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RECOMMENDATIONS FOR FEEDING HIGH-RISK INFANTS IN THE NICU AND BEYOND

Although many challenges to successful feeding of premature and high-risk newborns
have been identified, and more information is available about the neurodevelopmental
processes that contribute to eating success, there still is no consistent approach to
intervention strategies that may ameliorate the short-term and long-term adverse
outcomes of feeding high-risk infants.7,55 However, the developmental sequence of
infant organization for eating is now being recognized, and an informed approach to
supporting development of infant organization in all areas of development seems
prudent. Support for early and individualized organization of physiology, state, and
motor tone and movement, the substrates of all developmental skills is necessary
both in the NICU and while the infant and family are followed at home.
In the NICU, protection from an intrusive environment, provision of a familiar and
consistent caregiver (in most instances the parents), provision of uninterrupted rest
periods, attention to the infant when he or she is available behaviorally, protection
from unwarranted and disorganizing procedures, and attention to organizing procedures such as holding while eating are foundations for successful eating. Recognition
of the developmental nature of acquisition of eating skills, and not pushing the infant
further than he or she is developmentally capable of at any given time, is essential. To
accomplish this sensitivity, a thorough knowledge of infant behavioral communication
of his or her capabilities and challenges is necessary, along with a willingness to
modify the expectations of successful eating from the amount the baby is fed to the
quality of the feeding.
Finally, and likely most importantly, supporting the parent-infant relationship and
assisting the parents to feel competent with the feeding their baby is of utmost importance. As detailed earlier, much of the development of eating skills is accomplished
after discharge from the NICU. Coupled with the significant incidence of both shortterm and long-term growth and feeding failures in high-risk infants, more attention
needs to be given to the development of eating and feeding competence of the
parent-infant dyad, both in the NICU and as they transition to their family home.
SUMMARY

The short-term and long-term adverse growth and eating behavior outcomes of earlyborn and high-risk babies reveal major challenges for professionals, infants, and
parents in both the NICU and community settings. Research indicates that eating is
a complex and ongoing physiologic and behavioral achievement for growing
neonates, and that recognition of this neurodevelopmental process can inform current
feeding practices. A clinically informed approach to recognition of infant behavioral
organization by development of the subsystems of physiologic, arousal, and motor
areas is presented as a means by which professionals and parents can assist the
infant’s ability to have more organized eating experiences. Finally, recommendations
for practices that recognize the neurodevelopmental processes and the need for
competent, relationship-based eating opportunities between parents and infants are
proposed.
REFERENCES

1. Hospital discharge of the high-risk neonate—proposed guidelines. American
Academy of Pediatrics. Committee on Fetus and Newborn. Pediatrics 1998;
102(2 Pt 1):411–7.

739

740

Browne & Ross

2. Silberstein D, Geva R, Feldman R, et al. The transition to oral feeding in low-risk
premature infants: relation to infant neurobehavioral functioning and mother-infant
feeding interaction. Early Hum Dev 2009;85(3):157–62.
3. Pridham K, Saxe R, Limbo R. Feeding issues for mothers of very low-birth-weight
premature infants through the first year. J Perinat Neonatal Nurs 2004;18(2):161–9.
4. Thoyre SM. Challenges mothers identify in bottle feeding their preterm infants.
Neonatal Netw 2001;20(1):41–50.
5. Wood NS, Costeloe K, Gibson AT, et al. The EPICure study: growth and associated problems in children born at 25 weeks of gestational age or less. Arch
Dis Child Fetal Neonatal Ed 2003;88(6):F492–500.
6. Ehrenkranz RA, Dusick AM, Vohr BR, et al. Growth in the neonatal intensive care
unit influences neurodevelopmental and growth outcomes of extremely low birth
weight infants. Pediatrics 2006;117(4):1253–61.
7. Ross ES, Krebs N, Shroyer AL, et al. Early growth faltering in healthy term infants
predicts longitudinal growth. Early Hum Dev 2009;85:583–8.
8. Deloian B. Caring connections: Nursing support transitioning premature infants
and their families home from the hospital. Denver (CO): University of Colorado
Health Sciences Center, School of Nursing; 1998.
9. Ross E. Ensuring feeding success after NICU discharge: eating well enough
versus eating well. Developmental interventions in neonatal care. Washington,
DC, November 7, 2009.
10. Dusick AM, Poindexter BB, Ehrenkranz RA, et al. Growth failure in the preterm
infant: can we catch up? Semin Perinatol 2003;27(4):302–10.
11. Dodrill P, Cleghorn G, Donovan T, et al. Growth patterns in preterm infants born
appropriate for gestational age. J Paediatr Child Health 2008;44(6):332–7.
12. Hawdon JM, Beauregard N, Slattery J, et al. Identification of neonates at risk of
developing feeding problems in infancy. Dev Med Child Neurol 2000;42(4):
235–9.
13. Howe TH, Hsu CH, Tsai MW. Prevalence of feeding related issues/difficulties in
Taiwanese children with history of prematurity, 2003-2006. Res Dev Disabil
2010;31(2):510–6.
14. Mathisen B, Worrall L, O’Callaghan M, et al. Feeding problems and dysphagia in
six-month-old extremely low birth weight infants. Adv Speech Lang Pathol 2000;
2(1):9–17.
15. Cerro N, Zeunert S, Simmer KN, et al. Eating behaviour of children 1.5-3.5 years
born preterm: parents’ perceptions. J Paediatr Child Health 2002;38(1):72–8.
16. Sweet MP, Hodgman JE, Pena I, et al. Two-year outcome of infants weighing 600
grams or less at birth and born 1994 through 1998. Obstet Gynecol 2003;101(1):
18–23.
17. Thoyre S. Feeding outcomes of extremely premature infants after neonatal care.
J Obstet Gynecol Neonatal Nurs 2007;36(4):366–76.
18. Bakewell-Sachs S. Near-term/late preterm infants. Newborn Infant Nurs Rev
2007;7(2):67–71.
19. Engle WA, Tomashek KM, Wallman C. “Late-preterm” infants: a population at risk.
Pediatrics 2007;120(6):1390–401.
20. Kirkby S, Greenspan JS, Kornhauser M, et al. Clinical outcomes and cost of the
moderately preterm infant. Adv Neonatal Care 2007;7(2):80–7.
21. Docherty SL, Miles MS, Holditch-Davis D. Worry about child health in mothers of
hospitalized medically fragile infants. Adv Neonatal Care 2002;2(2):84–92.
22. Miles MS, Holditch-Davis D, Burchinal P, et al. Distress and growth outcomes in
mothers of medically fragile infants. Nurs Res 1999;48(3):129–40.

Eating as a Neurodevelopmental Process

23. Lucarelli L, Ambruzzi AM, Cimino S, et al. Feeding disorders in infancy: an empirical
study on mother-infant interactions. Minerva Pediatr 2003;55(3):243–53, 253–9.
24. Kavanaugh K, Mead L, Meier P, et al. Getting enough: mother’s concerns about
breastfeeding a premature infant after discharge. J Obstet Gynecol Neonatal
Nurs 1995;24(1):23–32.
25. Hagekull B, Dahl M. Infants with and without feeding difficulties: maternal experiences. Int J Eat Disord 1987;6(1):83–98.
26. Schmid G, Schreier A, Meyer R, et al. A prospective study on the persistence of
infant crying, sleeping and feeding problems and preschool behaviour. Acta Paediatr 2010;99(2):286–90.
27. Hagekull B, Bohlin G, Rydell AM. Maternal sensitivity, infant temperament, and the
development of early feeding problems. Infant Ment Health J 1997;18(1):92–106.
28. Gewolb IH, Vice FL. Maturational changes in the rhythms, patterning, and coordination of respiration and swallow during feeding in preterm and term infants.
Dev Med Child Neurol 2006;48(7):589–94.
29. Gewolb IH, Vice FL, Schwietzer-Kenney EL, et al. Developmental patterns of
rhythmic suck and swallow in preterm infants. Dev Med Child Neurol 2001;
43(1):22–7.
30. Medoff-Cooper B, Shults J, Kaplan J. Sucking behavior of preterm neonates as
a predictor of developmental outcomes. J Dev Behav Pediatr 2009;30(1):16–22.
31. Miller JL, Sonies BC, Macedonia C. Emergence of oropharyngeal, laryngeal and
swallowing activity in the developing fetal upper aerodigestive tract: an ultrasound evaluation. Early Hum Dev 2003;71(1):61–87.
32. Lecanuet JP, Jacquet AY. Fetal responsiveness to maternal passive swinging in
low heart rate variability state: effects of stimulation direction and duration. Dev
Psychobiol 2002;40(1):57–67.
33. Hack M, Estabrook MM, Robertson SS. Development of sucking rhythm in
preterm infants. Early Hum Dev 1985;11(2):133–40.
34. Graven S, Browne J. Sensory development in the fetus, neonate, and infant: introduction and overview. Newborn Infant Nurs Rev 2008;8(4):169–72.
35. Browne J. Chemosensory development of the fetus and newborn. Newborn Infant
Nurs Rev 2008;8(4):180–6.
36. Porter RH, Winberg J. Unique salience of maternal breast odors for newborn
infants. Neurosci Biobehav Rev 1999;23(3):439–49.
37. Winberg J, Porter RH. Olfaction and human neonatal behaviour: clinical implications. Acta Paediatr 1998;87(1):6–10.
38. Schaal B, Hummel T, Soussignan R. Olfaction in the fetal and premature infant:
functional status and clinical implications. Clin Perinatol 2004;31(2):261–85, vi–vii.
39. Simpson C, Schanler RJ, Lau C. Early introduction of oral feeding in preterm
infants. Pediatrics 2002;110(3):517–22.
40. Bu’Lock F, Woolridge MW, Baum JD. Development of co-ordination of sucking,
swallowing and breathing: ultrasound study of term and preterm infants. Dev
Med Child Neurol 1990;32(8):669–78.
41. Wolf L, Glass R. Feeding and swallowing disorders in infancy. Tucson (AZ):
Therapy Skill Builders; 1992.
42. 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):846–52.
43. Qureshi MA, Vice FL, Taciak VL, et al. Changes in rhythmic suckle feeding
patterns in term infants in the first month of life. Dev Med Child Neurol 2002;
44(1):34–9.

741

742

Browne & Ross

44. Mizuno K, Ueda A. The maturation and coordination of sucking, swallowing, and
respiration in preterm infants. J Pediatr 2003;142(1):36–40.
45. Medoff-Cooper B, Ratcliffe SJ. Development of preterm infants: feeding behaviors and Brazelton neonatal behavioral assessment scale at 40 and 44 weeks’
postconceptional age. ANS Adv Nurs Sci 2005;28(4):356–63.
46. al-Sayed LE, Schrank WI, Thach BT. Ventilatory sparing strategies and swallowing pattern during bottle feeding in human infants. J Appl Physiol 1994;77(1):
78–83.
47. Durand M, Leahy FN, MacCallum M, et al. Effect of feeding on the chemical
control of breathing in the newborn infant. Pediatr Res 1981;15(12):1509–12.
48. Selley WG, Ellis RE, Flack FC, et al. Coordination of sucking, swallowing and
breathing in the newborn: its relationship to infant feeding and normal development. Br J Disord Commun 1990;25(3):311–27.
49. Tarrant SC, Ellis RE, Flack FC, et al. Comparative review of techniques for
recording respiratory events at rest and during deglutition. Dysphagia 1997;
12(1):24–38.
50. Hanlon MB, Tripp JH, Ellis RE, et al. Deglutition apnoea as indicator of maturation
of suckle feeding in bottle-fed preterm infants. Dev Med Child Neurol 1997;39(8):
534–42.
51. Edelman GM. Neural Darwinism. The theory of neuronal group selection. New
York: Basic Books, Inc; 1987.
52. Als H. Toward a synactive theory of development: promise for the assessment
and support of infant individuality. Infant Ment Health J 1982;3(4):229–43.
53. Als H, Gibes R. Newborn individualized developmental care and assessment
program (NIDCAP). Training guide. Boston: Children’s Hospital; 1990.
54. Mosca N. Holding premature infants during gavage feeding: effect on apnea,
bradycardia, oxygenation, gastric residual, gastrin, and behavioral state. Cleveland (OH): Case Western Reserve University; 1995.
55. Foreman SW, Thomas KA, Blackburn ST. Individual and gender differences
matter in preterm infant state development. J Obstet Gynecol Neonatal Nurs
2008;37(6):657–65.
56. Mizuno K, Ueda A. Development of sucking behavior in infants who have not
been fed for 2 months after birth. Pediatr Int 2001;43(3):251–5.
57. Chang YJ, Lin CP, Lin YJ, et al. Effects of single-hole and cross-cut nipple units on
feeding efficiency and physiological parameters in premature infants. J Nurs Res
2007;15(3):215–23.
58. Lau C, Schanler RJ. Oral feeding in premature infants: advantage of a self-paced
milk flow. Acta Paediatr 2000;89(4):453–9.
59. Law-Morstatt L, Judd DM, Snyder P, et al. Pacing as a treatment technique for
transitional sucking patterns. J Perinatol 2003;23(6):483–8.
60. Ross E, Browne J. Baby Regulated Organization of Systems and Sucking
(BROSS). The physical and developmental environment of the high-risk infant.
Clearwater, FL, January 28, 2002.
61. Jadcherla SR, Wang M, Vijayapal AS, et al. Impact of prematurity and comorbidities on feeding milestones in neonates: a retrospective study. J Perinatol
2010;30(3):201–8.
62. Dodrill P, Donovan T, Cleghorn G, et al. Attainment of early feeding milestones in
preterm neonates. J Perinatol 2008;28(8):549–55.
63. Medoff-Cooper B, Naim M, Torowicz D, et al. Feeding, growth, and nutrition in
children with congenitally malformed hearts. Cardiol Young 2010;20(Suppl 3):
149–53.

Eating as a Neurodevelopmental Process

64. Burklow KA, McGrath AM, Valerius KS, et al. Relationship between feeding difficulties, medical complexity, and gestational age. Nutr Clin Pract 2002;17(6):
373–8.
65. Field D, Garland M, Williams K. Correlates of specific childhood feeding problems. J Paediatr Child Health 2003;39(4):299–304.
66. Rommel N, De Meyer AM, Feenstra L, et al. The complexity of feeding problems
in 700 infants and young children presenting to a tertiary care institution. J Pediatr
Gastroenterol Nutr 2003;37(1):75–84.
67. Dodrill P, McMahon S, Ward E, et al. Long-term oral sensitivity and feeding skills
of low-risk pre-term infants. Early Hum Dev 2004;76(1):23–37.
68. Peter CS, Wiechers C, Bohnhorst B, et al. Influence of nasogastric tubes on
gastroesophageal reflux in preterm infants: a multiple intraluminal impedance
study. J Pediatr 2002;141(2):277–9.
69. Long JG, Philip AG, Lucey JF. Excessive handling as a cause of hypoxemia.
Pediatrics 1980;65(2):203–7.

743

