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Abstract. Tube feeding is commonly used as a
method of giving children nutrition while they are
being treated for disease. While this is an effective
way of ensuring a child thrives and grows, research
studies and clinical experience have shown that long-
term oral feeding difficulties often arise when the
child no longer requires tube feeding. This article
gives a critical review of the literature on tube feeding
and its effect on normal eating and drinking skills.
While few studies have followed a rigorous research
design, there is enough literature to identify a number
of factors which may be implicated in later feeding
difficulties and which therefore need further explo-
ration in research studies. These factors include age at
which oral feeding commences, medical complica-
tions, exposure to taste and textures during sensitive
periods, aversive experiences, and different methods
of delivering tube feeds.

Key words: Tube feeding — Oral feeding — Sensi-
tive periods — Oral-motor skills — Aversion —
Deglutition — Deglutition disorders.

In children�s hospitals it is not unusual to see sick
babies and young children being fed artificially, by
nasogastric tube or gastrostomy. Studies have shown
that tube feeding can be beneficial to children with a
variety of conditions such as chronic renal failure,
liver disease, or heart disease, where calorie intake
might otherwise be inadequate and lead to malnu-
trition [1–3]. Other children may have structural

abnormalities of the digestive tract or absorption
problems, which require tube feeding and/or total
parenteral nutrition. While tube feeding is essential to
ensure that these children grow and thrive while their
disease is active, it is usually anticipated that they will
feed normally in the long term, unless the tube is
placed because of long-term swallowing difficulties.
However, these children often present with feeding
difficulties when the time comes for them to eat by the
normal oral route. Resistance to weaning onto oral
feeding has been described in a number of studies
[4,5]. Dello Strologo et al. [6] reported difficulties in
chewing and swallowing that persisted even after
children with chronic renal failure were established
on oral feeds. In our clinical experience, tube feeding
can lead to feeding difficulties lasting months and
sometimes years, with some children refusing to allow
food into their mouths at all, while others may accept
only a very small range of tastes and textures. Trying
to wean a child off the tube may be a traumatic or
prolonged process causing considerable stress and
anxiety for families [4].

While many studies have investigated the
medical and nutritional benefits and complications
of tube feeding, there is relatively little literature
about the effects of tube feeding on later oral
feeding. However, it is important to understand
when and how tube feeding impacts on normal
eating and drinking. This can then be taken into
account in the child�s care at the time of tube
feeding. The topic is difficult to investigate because
of the number of variables that could have an effect
on outcome, for example, duration of tube feeding,
the age of the child when tube feeding commences,
the method and schedule of delivery of tube
feeding, and the child�s medical condition and
treatments.
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The aims of this literature review are twofold:
first, to examine the current state of knowledge
regarding tube feeding and the effect it may have on a
child�s willingness and ability to eat normally; second,
to highlight weaknesses and gaps in existing literature
and suggest research questions that need further
investigation.

Search Strategy

Literature was found by searching using key words
enteral, tube, gavage, gastrostomy, nasogastric, oral,
feeding, infant, paediatric, and pediatric, on a variety
of databases such as Web of Science, Science Direct,
PubMed, Medline, Ovid, and Cochrane Library as
well as the internet. Literature was also found from
these sources that informed the discussion on sensi-
tive periods, aversive experiences, appetite regulation,
and social interaction. Reference lists given in papers
were searched for further relevant titles.

The literature was of variable quality. Only a
few of the studies met the gold standard of being
randomized controlled trials and these were mainly in
the body of literature on non-nutritive sucking in
premature infants. As infants grow, it becomes more
difficult to control variables and to find matching
experimental and control subjects. Studies with less
rigorous design methodology have been included in
this study when it is considered that they have been
influential in current theory and practice and help to
raise issues that need further examination. Details of
individual studies of tube feeding, including meth-
odology, participants, and outcomes, are included in
tables to allow readers to determine their scientific
validity.

Tube Feeding and Infant Sucking (Table 1)

Tube feeding is commonly used in neonatal units
since premature babies may not have the neurologic
and digestive maturation for oral feeding. A number
of studies have investigated tube feeding in this
population, particularly the effect of allowing babies
to suck on pacifiers during tube feedings [7–9]. Pre-
mature infants were assigned to the study groups and
control groups matched for gestational age and
weight. Those in the study groups were given pacifiers
to suck on during tube feedings while the other in-
fants were not. Infants given pacifiers to suck on
needed tube feeding for a shorter time, started bottle
feeds earlier, and were discharged from hospital

quicker. Some studies reported greater weight gain
despite matched energy intake with controls [8,9].

In the study by Bernbaum et al. [9], the babies
who were given pacifiers showed decreased intestinal
transit time and more rapid weight gain. Bernbaum
et al. [9] suggested that the non-nutritive sucking
might reduce energy expenditure in restless activity
and/or increase lipid absorption. Other studies have
shown that non-nutritive sucking leads to a decrease
in restless states [10–12]. DiPietro et al. [10] found
that sucking on a pacifier during tube feeding did not
alter physiological responses (heart rate, vagal tone,
and oxygen saturations) but did significantly change
behavioral responses. When provided with a pacifier
the infants showed less behavioral distress and spent
less time in fussy and active states after feeding. In
contrast to the Bernbaum findings, De Curtis et al.
[13] did not find that sucking during tube feeding
made any difference to energy and nitrogen balance,
net nitrogen utilization, fat absorption, or intestinal
transit time. However, the small sample size and
short duration of their study limit the ‘‘generaliz-
ability’’ of these findings.

Bernbaum et al. [9] also studied the sucking
patterns of the study and control groups on a weekly
basis and found that both sucking pressure and
number of sucks per sucking burst increased with age
in both groups but significantly more so in the study
group. These data supported the idea that sucking is
dependent on maturation and experience. Mizuno
and Ueda [14] studied four term or near-term infants
who were not able to suck nutritively in the first two
months of life because of gastrointestinal problems.
They noted that when their infants were first offered
bottle feeds, their sucking behavior approximated
that of normal term infants at the first feed. With
practice, sucking performance improved. Their find-
ings supported the importance of experience in
developing sucking competence, but since their in-
fants had been able to suck on pacifiers from birth,
they argued that non-nutritive sucking did not di-
rectly affect the development of nutritive sucking.
Given the small sample size of this study, firm con-
clusions cannot be drawn from these findings alone.

Rochat et al. [15] found that premature infants
showed increased non-nutritive sucking activity on
pacifiers while being given an intermittent (bolus
tube) feed, compared to their non-nutritive sucking
on a pacifier when they were not being fed. This
indicated that the infants must have been responding
to stomach cues and/or temperature changes associ-
ated with tube feedings. Rochat et al. [15] suggested
that the use of the pacifier during bolus tube feeding
optimizes the functional link between sucking and
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feeding and may lead to earlier transition to oral
feeding.

The relatively wide literature on non-nutritive
sucking has been usefully examined by Pinelli and
Symington [16] in their systematic review of the
subject. They concluded that non-nutritive sucking
has a positive effect on the transition from tube to
bottle feeding and on bottle feeding performance and
leads to a shortened length of hospital stay (in days).
Non-nutritive sucking did not show a benefit in other
major clinical variables such as weight gain, energy
intake, and heart rate. No negative outcomes were
reported in any of the studies they reviewed, but they
did note that no account was taken of the effect
sucking on a pacifier might have on breast feeding.
With this reservation in mind, research evidence
supports the use of pacifiers in neonatal units.

Tube Feeding in the First Year of Life (Table 2)

While tube feeding in neonatal units is often required
because an infant has immature sucking skills, as the
infant matures continued tube feeding is more likely
to be related to medical and neurodevelopmental
problems. In a retrospective design, Bazyk [17]
studied the cases of a 100 infants who had com-
menced tube feeding in the first 6 months of life but
were being reintroduced to oral feeds before the end
of the first year. She found that six infants, described
as ‘‘poor feeders,’’ took a year or more to make the
transition from tube to oral feeding, while the
remaining 94 infants made the transition within 2–58
days (mean = 17.50). She excluded the six poor
feeders from her statistical analysis since they were
substantially different from the other 94 infants.
Bazyk examined the correlation between medical
complications and the time taken to make the tran-
sition from the tube to oral feeding. The variables she
studied were the total number of medical complica-
tions, the number of neurologic conditions, the
number of respiratory conditions, the number of
digestive conditions, the number of congenital car-
diac defects, and the number of diagnoses related to
the oral structure. Her results showed that infants
with multiple complications, and those with compli-
cations to do with digestive, cardiac, or respiratory
systems, were most at risk of lengthy transitions.
Bazyk noted that prematurity alone did not show a
significant and positive correlation with length of
transition to oral feeding and 90% of her good feeders
were premature. This suggests that weaning off tubes
may be relatively easy to do when babies are of an age
where feeding is largely reflexive, provided there areT
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no significant complications. At first, sucking will be
triggered automatically by any sort of stimulation of
the lips and tongue but gradually this reflex response
comes under voluntary control. Morris and Klein [18]
described how the baby develops separation of
movement that enables the jaw, lips, and tongue to
move separately and thus perform more complex
tasks. The mouth cavity enlarges which also widens
the opportunities for tongue movement. However,
this means that an older baby exposed to a bottle for
the first time, or after an interval, will not necessarily
start sucking. A variety of movements are available,
for example, biting, munching, or rolling the teat
around or pushing it out of the mouth. Mizuno and
Ueda [14] noted that in their experience, once a baby
reached 6 months or more, it was very difficult to
establish bottle feeding for the first time.

Now that medical advances are allowing
younger premature infants to survive, there is a
greater risk of medical complications that may im-
pact on the infant�s feeding. Recent followup studies
of premature infants [19,20] have highlighted the fact
that feeding difficulties are likely to persist through
the first year and beyond, especially if tube feeding
has been prolonged. Bazyk [17] found that, while
prematurity in itself was not significant in the tran-
sition from tube to oral feeding, multiple medical
complications or complications associated with
respiratory, digestive, or cardiac systems were sig-
nificantly related to the length of transition. As Bazyk
pointed out in her study, although these complica-
tions were identified as predictors of length of tran-
sition, they did not necessarily imply causation. The
way in which these complications impact on feeding
is not clear, but Hawdon et al. [19] discussed how
primary feeding difficulties related to neurologic and
respiratory status may be compounded by aversive
oral experiences such as endotracheal and nasogastric
(NG) tube placement and delayed establishment of
normal feeding patterns. A child may become
hypersensitive to any stimuli presented to the mouth
because of his/her experiences of unpleasant oral
procedures or may miss out on oral feeding experi-
ences because of acute illness.

Aversive Stimuli Associated with Feeding

Pelchat and Rozin [21] described how nausea and
vomiting have a particularly strong effect on human
dislike of food. If ingestion of food is followed by
nausea and vomiting, it will cause a dislike of that
food, even if there is no direct link between the food
and the nausea. Rozin [22] found that taste aversion
was acquired by one trial learning, whereby one

exposure to a food followed by nausea and vomiting
was enough to cause dislike of a food. Bazyk [17]
found that conditions relating to digestive functioning
were the most significant predictors of the length of
transition from tube to oral feeding. Gastroesopha-
geal reflux disease (GERD) was the most common
complication noted in her sample. Reflux can lead to
nausea, vomiting, and esophagitis, all of which may
link feeding with aversive experiences. Mathisen et al.
[23] reported how children of 6 months of age with
GERD had significantly more feeding difficulties and
food refusal than a matched sample.

Skuse [24] suggested that aversive experiences
might also come directly from tube feeding itself since
nasogastric tubes are often reported to cause some
degree of reflux, vomiting, or inflammation of the
esophagus. Meyer Palmer and Heyman [25] hypoth-
esized that long-term use of the nasogastric tube leads
to altered sensory perception, with sensory percep-
tion of the pharyngeal area becoming suppressed in
order to withstand the trauma inflicted on the mu-
cosa of the mouth or pharynx. They described how
children with a nasogastric tube will often hold food
in their mouths and suggested that this was done
purposefully to avoid swallowing and to protect the
pharynx from stimulation. Lumpy foods might be
sorted so that the lumps were expelled from the
mouth and only the liquid consistency swallowed.
However, it could be argued that these were hyper-
sensitive responses to taste and texture stimuli that
were mediated by the tongue and had nothing to do
with the pharynx itself.

Tube Feeding by Gastrostomy (Table 3)

There is a fairly general consensus in the literature
that gastrostomy feeding is preferable for children
who are likely to be fed by tube for any length of time,
in part because this will reduce aversive oral experi-
ences and thereby promote more pleasurable oral
feeding [17,18,26]. While some studies show that
gastrostomies are generally well accepted by parents
and lead to improved quality of life [27], negative
consequences are possible because of the risk of the
anesthetic and medical complications [28]. In a sys-
tematic review of the effects of gastrostomy in children
with cerebral palsy, Samson–Fang et al. [29] noted
that there was a low level of evidence but a consistency
of results in favor of gastrostomy in this population.
In a qualitative study, Craig et al. [30] found that
parents often felt ambivalent about putting a child
through another procedure and regarded gastrostomy
placement as an admission of failure with oral feeding.
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Most of the literature concerning gastrostomy
is focused on children who have neurodevelopmental
disabilities and may need tube feeding long term be-
cause of oral-motor and swallowing difficulties.
However, the issues are rather different when children
have potentially normal eating and drinking skills.
One of the criteria for having a gastrostomy may be
to improve oral feeding. However, children with
gastrostomies have been described to exhibit behav-
ior such as fighting, crying, gagging, coughing, and
vomiting when offered oral feeds [4,31]. This would
seem to suggest that adverse oropharyngeal experi-
ences associated with the nasogastric tube cannot
alone account for reluctance to eat orally. If prob-
lematic feeding is the major criterion for performing a
gastrostomy, research is needed to demonstrate ex-
actly what the outcomes are for oral feeding in chil-
dren fed by gastrostomy compared to children fed by
nasogastric tube. Even if gastrostomy placement is
recommended, professionals and parents need to be
aware that oral feeding will not be established by the
procedure alone. Morris [32] suggested that some
doctors might believe that a gastrostomy will solve
any feeding problems and they would therefore not
see the need to actively encourage the child to feed
orally. The child would then not have the opportu-
nity to experience the sensations of food in the mouth
and develop the oral-motor skills to manage different
food consistencies and textures. In summary, the ef-
fect of gastrostomy on the oral feeding of children
with normal oral motor function is not fully under-
stood and needs further research.

Tube Feeding in Older Infants and Children (Table 4)

Studies of older children who are tube fed are useful
because they enable us to compare the effects of tube
feeding at different stages of feeding development.
Senez et al. [5] compared two groups of children who
were being weaned off tube feeding. The first group
comprised nine infants of 14 months or less; the
second group consisted of 10 children ranging in age
from 2 to 15 years. The first group had never suc-
cessfully fed orally before the study commenced, but
the second group had been oral feeders until they
needed tube feeding following brain injury, disease
or, in one case, swallowing a noxious substance. The
first group took between 30 and 330 days to wean off
the tube (excluding one child who was not success-
fully weaned off the tube), while the second group
took 11–45 days to wean off the tube. Senez et al.
explained the difference in the speed of weaning off
the tube between the two groups in terms of neuro-

logic maturation. They suggested that lack of oral
feeding in infancy leads to deficits in cortical devel-
opment because motor and sensory pathways
between the oropharynx and the cortex are not
established. One of the limitations of this study is that
the children in the two groups showed considerable
variation in both medical condition and age at which
weaning off the tube began, both factors that could
be significant in determining outcomes. Furthermore,
since most of the children had neurologic conditions,
it is unclear how much one can generalize from this
study to the population of tube-fed children who are
neurologically intact. Comparing the infants in the
first group to the older, second group, Senez et al. felt
that the establishment of oral feeds depended less on
the severity of the brain disease than on how long the
child had been tube fed.

Dello Strologo et al. [6] carried out a retro-
spective multi-center study of 12 children with severe
chronic renal failure who had been nasogastrically
fed for periods of 9 months or more. Eight had
commenced tube feeding in the first year of life, the
other four between 2 and 4 years of age. The mean
duration of tube feeding for the whole group was 18.4
months, plus or minus 8 months. It is not clear how
long the transition from tube to oral feeding took, as
the data are presented in terms of eating difficulties
that persisted after the withdrawal of tube feeding.
The age at which tube feeding commenced appeared
to be significant in determining whether the children
had subsequent difficulty with oral feeding. Three out
of four children, who were over 1 year old at the start
of tube feeding, did not have problems with oral
feeding, while seven out of eight children who had
been tube fed in the first year of life had significant
problems. Both the Senez and Dello Strologo studies
[5,6] support the idea that children will have more
difficulty establishing oral feeding if the children are
in the first year of life when tube feeding commences,
rather than if they are older and have already expe-
rienced oral feeding. These younger children will be
less willing to accept foods into their mouths and are
more likely to have difficulty chewing solid foods. It is
possible that within the first year of life there are
significant periods when tube feeding has more im-
pact than at other times, but neither of these studies
compares the outcomes within a narrower age range.

Senez et al. [5] suggested that the difficulty
their young infants had in accepting oral feeds oc-
curred in large part because the infants failed to
suppress the strong ‘‘gag’’ reflex which is present
from birth but normally decreases in strength over
time. By the time the infant is 6–7 months of age, the
gag is triggered only on the posterior one quarter of
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the tongue, as it is in adults. Senez et al. [5] suggested
that nutritive sucking inhibits the gag reflex so that it
moves from the anterior to the posterior part of the
tongue and that between birth and 7 months is a
‘‘critical’’ period in which this process must occur.
They observed oversensitive gag reflexes in all except
one of their younger group, with the gag being trig-
gered in the anterior third of the tongue whenever
foreign objects were introduced into the infants�
mouths. Their treatment protocol emphasized the
importance of oral stimulation, using tactile, taste,
and olfactory stimuli. Geertsma et al. [31] also ob-
served how gagging interfered with early attempts to
introduce oral feeding to a child fed intravenously but
noted how this was replaced by a volitional tongue
thrust as the child became older. A recent study by
Scarborough [33] showed how toddlers and full-term
infants deprived of oral feedings during the first 3
months (13 weeks) of life showed altered physiolog-
ical responses to touch. The response of children to
touch along a hierarchy of body points was exam-
ined, measuring changes in state behavior and/or
abnormal gag reflex responses. She found that her
study group showed a significantly different response
to firm touch than did her normal control group. This
intolerance of touch is then likely to interfere with the
child�s feeding since this involves tolerance of a spoon
to the lips or food in the mouth.

Sensitive Periods

Dello Strologo et al. [6] noted that even after children
were weaned off the nasogastric tube, several of them
had persistent chewing difficulties. If these children
had not experienced solid food in the first year, this
would support the hypothesis that there is a sensitive
period for the acquisition of chewing skills, first
proposed by Illingworth and Lister [34]. A sensitive
period occurs when the child�s maturation and
opportunities to learn a new skill coincide. If the
opportunities to learn are not there at the sensitive
period, then it becomes much more difficult for the
child to learn the skill at a later date. Illingworth and
Lister [34] identified that readiness for chewing oc-
curred at around 6 months for most normal children.
They presented a number of case studies of children
who were introduced to solid foods at a late stage,
having either had tube feeding or a liquid or pureed
diet. These children exhibited refusal behavior,
including vomiting, and failure to chew. This is the
kind of behavior noted in studies of tube feeding
[4–6]. However, such feeding problems have been
reported in other circumstances and may be attrib-

utable to other causes [35]. The hypothesis of a sen-
sitive period for chewing put forward by Illingworth
and Lister has not been tested experimentally.

The difficulty that tube-fed children have with
textured foods appears to have two components: first,
a refusal to try unfamiliar foods, and, second, an
inability to manage the texture because chewing skills
have not been acquired through practice. Reilly et al.
[36] pointed out that most researchers agree that
movement patterns, such as lateral tongue move-
ments, are texture dependent and therefore do not
emerge unless the child is given the particular textures
requiring these skills. Gisel [37] examined how nor-
mal children between 6 months and 2 years of age
developed the skills to manage three different textures
of food: puree of unsweetened applesauce, viscous
orange gelatin, and solid Cheerios. Chewing was
measured in the two dimensions of duration (place-
ment of food in the mouth to completion of swallow)
and number of cycles (one down and up movement of
the mandible). She found that as children get older,
their chewing becomes more efficient with less cycles
needed to chew a standard-sized bite of food and
therefore chewing duration decreases. While effi-
ciency increased over the whole period between 6
months and 2 years, the most marked changes oc-
curred between 6 and 10 months. Gisel�s data support
the idea that the second half of the first year is a
period of rapid maturation for chewing skills. This
does not necessarily imply that lack of opportunity to
practice with solid foods in the first year means that
the child will find it more difficult to develop chewing
at a later stage. It may simply be that the child be-
comes increasingly resistant to trying new foods and
that this prevents the child from learning the skill of
chewing.

Dello Strologo et al. [6] did not think that the
link between lack of previous oral experience and
chewing skills was significant because two children in
their study who did not have any oral intake while
tube fed showed no disturbance in their ability to eat
orally. However, it is possible that these children
could have had taste or texture experiences that did
not make a significant contribution to calorific intake
and were therefore not recorded but which would
have constituted sufficient oral experience to facilitate
chewing skills. While Dello Strologo et al. [6] con-
sidered the percentage intake given by the oral route
and by tube, they did not record the specific types of
food eaten orally. There are no studies that have
investigated systematically the relationship between
foods experienced by infants during tube feeding and
later transition to oral nutrition and subsequent
range of foods accepted.
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The literature on the development of feeding
skills shows that preference for foods is a function of
exposure, i.e., we learn to like foods as we become
familiar with trying them [38–40]. From the age of 3–
4 months, babies seem to be particularly willing to try
new tastes of food and, by repeated exposure, de-
velop their food preferences. As they move into the
later half of the first year, and into the second year,
this willingness to try new foods lessens, as the child
becomes increasingly neophobic, i.e., fearful of any-
thing new.

In addition, as children move into the second
year of life, they also become more autonomous.
Food refusal is often exhibited as the child tries to
take control. Gisel [37] collected data on food refusal
from questionnaires on the child�s feeding history
completed by parents. Parents recorded how fre-
quently children refused specified foods. The refusal
rate of foods increased from 7% at 6 months of age to
41.4% by 24 months of age. Reilly et al. [36] noted
that infants between the age of 12 and 18 months
were more likely to refuse food presentations in the
Schedule for Oral Motor Assessment. They linked
this to the child�s growing independence, as well as to
the texture being presented and whether the child had
a feeding difficulty or not. Thus, if tube-fed children
do not get exposed to a wide variety of tastes and
textures in the first year of life, it may be harder to
achieve oral acceptance at a later age. In a longitu-
dinal study, Harris [40] noted that some infants were
consistently difficult to feed and suggested that this
was linked to infant temperament. These infants
would refuse to try new foods at the age of 1 year. It
seems likely that a more pervasive feeding problem
will arise in children where delayed oral feeding and a
more difficult temperament coexist. If these children
were identified early in life, it would be even more
important to make sure that they were exposed to
tastes and textures at sensitive periods when food will
most easily be accepted, allowing food preferences to
be established.

Social Interaction at Mealtimes

Geertsma et al. [31] felt that the social interactive
dimension of feeding was a significant contributor to
the success or failure of oral feeding. With a healthy
child, feeding is one of the earliest activities in which
the mother and child interact communicatively. If the
child is able to signal hunger and satiety, likes and
dislikes, and the mother responds appropriately,
feeding is likely to be successful. Harris et al. [40]
noted that infants as young as 4 months can take
control of feeding interactions and demonstrate food

preferences and satiety as long as parents do not
override the infant�s behavioral signals. Wright [41]
pointed out that breast-fed babies have more
opportunity to regulate their intake, since the mother
does not know how much the baby is having at each
feed. This may mean that breast-fed babies have an
earlier sense of mastery over their environment than
bottle-fed babies. Harris [42] found that the age at
which infants were introduced to solid foods was
determined in part by the mothers� perception of the
behavioral signals of the infants. This was a more
significant determinant of the introduction of solids
than the weight of the child. However, this exchange
of signals between child and caregiver may be lost if a
child is receiving medical care and/or tube feeding.
Boucher [43], in a study of babies with cleft palate,
reported how a mother of a child fed by nasogastric
tube felt unable to make her own decisions about
when to wean her infant because she felt feeding had
become part of the medical management and had
taken away her autonomy in the context of feeding.

Particular sensitivity is needed when trying to
feed tube-fed children orally because they are likely to
have little or no appetite for oral intake. Harris [44]
pointed out that when dietary supplements or tube
feeds are given to children, this will naturally lead to a
decrease in the child�s consumption of other foods as
the child attempts to regulate their energy intake.
This means that a child is likely to accept only small
amounts of food and only if the context of feeding is
positive. If caregivers do not understand appetite
regulation, there is a danger that their expectation of
oral feeding will be unrealistic and feeding times be-
come difficult as the child starts to refuse food. Harris
and Macdonald [45] found that parents of children
with cystic fibrosis often had high levels of anxiety
because a high calorie intake was necessary for the
children to maintain optimal lung function. This
anxiety was associated with more refusal behavior by
the children and more coercive behavior by the par-
ents at mealtimes. Blissett et al. [46] found that chil-
dren with growth disorders who were not on growth
hormone received more negative prompting and
coaxing from their parents to eat than did children
who received growth hormone. They suggested that
parents try to impose control of their child�s intake
when they perceive it is too little and this leads to the
child�s feeding difficulty. Once a decision is made to
attempt to wean a child off a tube, parents become
highly anxious that the child may not be able to
maintain weight gain and growth through oral intake
alone.

While some authors recognize the possible
significance of child–parent interaction in achieving
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successful oral feeding [26,31], this aspect of tube
feeding has not been investigated systematically. In
some cases this is because retrospective studies do not
allow for analysis of parental behavior, and in other
cases parents may not have been physically present
[48]. Geertsma et al. [31] noted the behavioral signals
of the infant they studied, using videotape, and used
nurses to carry out a behavioral/social intervention.
Blackman and Nelson [4] used trained staff to carry
out their intensive in patient weaning program al-
though parents were able to observe treatment ses-
sions. This was in part because they felt parents
would not be able to carry out the feeding with the
degree of firmness required; in some cases, this in-
cluded physical restraint and force feeding. Finally,
nurses and parents carried out the interventions rec-
ommended by Senez at al. [5], but their interactions
with the infants were not analyzed. In general, it does
not seem that those researching tube-fed children
have felt that the role of parents in the establishment
of oral feeding is a key area for investigation.

Weaning Off the Tube (Table 5)

Appetite regulation is important when considering
weaning off tube feeding. Some authors [5,26] have
emphasized the importance of approximating tube
feedings to normal mealtimes in size and timings.
Food has been offered before a tube feeding when a
child was thought to be hungry. Senez et al. [5] sug-
gested that continuous tube feedings do not allow for
the development of normal biological rhythms, which
have an alternation between sleep and activity, hun-
ger and repletion, empty and full stomach states.
They based this proposal on a study by Salzarulo
et al. [48] who found that long-term continuously fed
infants do not develop heart rate circadian rhythm.
This is a decrease in heart rate at night time, thought
to occur as a result of mealtime fasting.

Underlying oral feeding regimens that
approximate normal mealtimes is the idea that the
stomach should experience a normal daytime pattern
of distension and emptying. While a newborn baby�s
sensations of satiety or hunger are determined by the
peripheral signals of stomach distension and rate of
gastric emptying, Drewett [49] described how, from 6
weeks of age, appetite regulation develops to allow
the infant to regulate the calorific intake of food in a
different way than the first 6 weeks. Subsequently,
appetite regulation is mediated by a central mecha-
nism involving the monitoring of blood sugar. Stud-
ies [50,51] have shown that preschool children are

able to regulate their appetites and tend to do this
over a 24-hour period. Birch et al. [50] noted con-
siderable variability in intake from one meal to an-
other but found that energy intake was relatively
constant from one day to another. This suggests that
it is the amount of calories given by tube in a 24-hour
period that will influence a child�s appetite regulation
rather than the way the tube feeds are timed during
that period of time. If the caloric intake of tube
feeding is reduced in a 24-hour period, this should
eventually lead to compensatory oral feeding as the
brain adjusts to a reduced intake. This will happen
only if the child is already accepting some food by the
oral route. As children grow older, ‘‘extrinsic’’ cues to
eat also have some effect on intake. Children may eat
to enjoy the taste of favorite foods when they are not
hungry, or eat when there are others eating, or eat in
response to environmental cues such as smells, pres-
ence of food, and a room in which eating usually
takes place [52].

In contrast to tube feedings that approximate
mealtimes, some authors have advocated overnight
feeding as a better way of promoting oral intake and
the eventual weaning off the tube [6,53]. Overnight
feeding means that the child is not so aware of the
process of artificial feeding and the day is left clear
for attempts at oral feeding. The child may begin to
feel hungry toward the end of the day as blood sugar
drops, and then begin to ingest food. As this intake
increases, the overnight feeding can be decreased.
However, there is no specific research that has com-
pared the relative effectiveness of using an overnight
or a daytime bolus schedule to achieve the transition
to oral feeding. There is also very little literature to
guide clinicians as to how quickly any reduction in
tube feeding should take place, irrespective of the
schedule used.

Whatever schedule is used to promote oral
appetite, a major determinant of successful weaning
from tube feeding is the child�s existing acceptance
of any food into the mouth. If a child does not
accept any foods orally, the link between eating
orally and satisfying hunger is not made. Thus,
stimulating appetite by reducing tube feeds will not
in itself lead to oral intake. Benoit et al. [54] used a
randomized control design to compare the success of
nutritional and behavioral interventions in weaning
children off gastrostomy feeds. The children ranged
in age from 4 to 36 months, were all gastrostomy
fed, and showed resistance to oral feeding. Nutri-
tional counseling alone did not achieve any successes
during the study period (4.5 months). This inter-
vention was based on reducing intake from the tube
by 25% for a week and promoting normal hunger
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and satiety cycles through the feeding schedule. If
weight was gained or remained stable over the fol-
lowing week, a further reduction was made, but if
not, intake by tube was increased by 25%. Not all
the children in this group refused food completely.
It may be that the lack of success in such cases was
because reductions in calorie intake from the tube
were made too quickly to allow the brain to adjust
to the change in intake, to trigger compensatory oral
eating. While reduced energy intake stimulates
appetite and feeding in a normal population within
a matter of hours [51], this process may not occur in
children who have little or no experience of taking
in calories from an oral route.

The behavioral therapy used by Benoit et al.
[54] was more successful in weaning children off the
tube, with 47% (n = 15) achieving success after
completion of treatment. In the behavioral therapy
intervention, parents were shown how to use the
technique ‘‘extinction,’’ whereby the reinforcer to a
response is removed so as to decrease this response.
Benoit et al. gave the example of how removal of a
spoon when a child refuses to accept it is reinforcing
the behavior of refusal. Therefore, extinction re-
quires that the spoon is not removed, however much
the child resists. The child has no choice but to
conform and the undesired behavior of refusal is
extinguished.

A similar behavioral approach to weaning
children off the tube was used by Blackman and
Nelson [4], the goal of which was to override the
resistance to feeding, tasting, and swallowing food
that the children showed at the start. Children were
assigned to inpatient and outpatient program
according to parental choice. Under the inpatient
program, transition to oral feeding was achieved
within two months, but the outpatient program led to
much slower transition times (months to years).
Blackman and Nelson attributed this difference in
weaning times to the reluctance of parents on the
outpatient program to push the child to eat without
the support of more experienced professionals. This
suggests that such an approach is emotionally diffi-
cult for parents to carry out and indeed would not be
recommended by all clinicians [24,55]. When force
feeding occurs, eating will be associated with negative
experiences and is not likely to establish long-term
food preferences and enjoyment of food. Further-
more, the child�s ability to signal likes and dislikes
and satiety and the family�s sensitivity to these signals
are likely to be impaired by this approach. Benoit et
al. [54] pointed out that the followup period in their
study was relatively brief and therefore long-term
effects could not be examined. It is also not clear from

these studies whether these children were successful in
progressing to self-feeding. Furthermore, in the
Blackman and Nelson study [4], many of the children
had neurologic conditions and learning disabilities
that may have affected the extent to which forced
feedings could be imposed. Children with physical
disabilities are not always able to resist unwanted
intervention in the same way as able children, while
children with learning disabilities may become neo-
phobic at a later stage than other children and may
therefore accept new foods over a longer develop-
mental period. It is therefore difficult to generalize
from this study to a normal population of tube-fed
children.

Other clinicians have used approaches based
on positive reinforcement of eating behavior.
Gutentag and Hammer [56] reported some success
with introducing oral feeds to a 3-year-old girl,
‘‘Jenny,’’ using social praise, games, and access to
toys as reinforcers of eating behavior. Undesired
behaviors were ignored. Her progress to oral feeding
was greatly influenced by her health but also by the
foods she was given. During a baseline period, it was
established that she preferred foods that were sweet
and salty with a watery and smooth consistency, for
example, strained fruit, canned fruit syrup, soup,
juice, and water. It was possible to increase her in-
take of these foods over time and to increase their
thickness to some extent, but it was almost impossi-
ble to gain acceptance of solid foods. Gutentag and
Hammer suggested that her difficulty with solids was
due to oral-motor delay, because she swallowed
foods whole and was unable to copy chewing mo-
tions. From her early history, it can be deduced that
she never made the transition to solid foods during
the second half of the first year. This may be con-
sistent with Lister and Illingworth�s hypothesized
‘‘sensitive’’ period for learning to chew. It is also
possible that Jenny�s tendency to swallow foods
whole was a sensory-based response—she may not
have liked the taste and texture of the food and/or
may have been hypersensitive to touch, especially at
the sides of her mouth—and therefore tried to re-
move the food from her mouth as quickly as she
could.

Another problem with many of these behav-
ioral approaches is that they are highly labor inten-
sive and thus involve considerable monetary cost.
Hospital inpatient stays or numerous visits to clinics
are required as the intervention is highly prescriptive.
This highlights the importance of trying to establish
at least some oral feeding during the time that tube
feeding is necessary so that such interventions are less
likely to be needed.
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Conclusion

What this review highlights is that there are a number
of factors that may have the potential to disrupt the
normal development of eating and drinking in children
who are tube fed, and it may be the subtle interaction
of these factors that causes some children to have long-
term feeding difficulties that may prevent weaning off
the tube when it is no longer medically necessary or
may continue after tube feeding is terminated. There is
a paucity of literature that goes beyond the descriptive
and speculative and tests out specific hypotheses. The
relative significance of these factors—age when tube
fed, duration and method of tube feeding, medical
complications, aversive experiences, experience of oral
feeding, parental anxiety, and feeding style—in
determining oral feeding outcomes is essential if we are
to develop practices to support oral feeding while tube
feeding is ongoing, thereby minimizing the likelihood
of later feeding difficulties. In addition, further re-
search is needed to compare different methods of
weaning children off the tube, including the use of
overnight or a daily bolus regimen, gastrostomy or
NG feeding, and the effectiveness of intensive versus
slower transitions from tube to oral feeding. It is not an
easy area in which to set up carefully controlled re-
search designs because of the diverse population of
children who are tube fed. However, a prospective
study would enable researchers to ensure that all the
necessary data are collected to allow for comparison
between variables. This might include medical diag-
nosis, type and schedule of tube feeding, child tem-
perament, exposure to taste and texture, oral-motor
skill developmental, parental perceptions of feeding
and parental feeding management style.
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