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Abstract Enteral nutrition is effective in ensuring nutritional
requirements and growth. However, when tube feeding lasts
for a longer period, it can lead to tube dependency in the
absence of medical reasons for continuation of tube feeding.
Tube-dependent children are unable or refuse to start oral activities and they lack oral skills. Tube dependency has health-,
psychosocial-, and economy-related consequences. Therefore,
the transition to oral feeding is of great importance. However,
this transition can be very difficult and needs a multidisciplinary approach. Most studies for treatment of tube dependency
are based on behavioral interventions, such as family therapy,
individual behavior therapy, neuro-linguistic programming,
and parental anxiety reduction. Furthermore, oral motor therapy and nutritional adjustments can be helpful in tube
weaning. The use of medication has been described in the
literature. Although mostly chosen as the last resort, hungerinducing methods, such as the Graz-model and the Dutch
clinical hunger provocation program, are also successful in
weaning children off tube feeding.
Conclusion: The transition from tube to oral feeding is
important in tube-dependent children but can be difficult.
We present an overview for the prevention and treatment of
tube dependency.
* Hilde Krom
h.krom@amc.uva.nl
J. Peter de Winter
pdewinter@spaarnegasthuis.nl
Angelika Kindermann
a.kindermann@amc.uva.nl
1

Emma Children’s Hospital, Box 22666, 1100
DD Amsterdam, The Netherlands

2

Spaarne Hospital, Box 770, 2130 AT Hoofddorp, The Netherlands

What is known:
• Longer periods of tube feeding can lead to tube dependency.
• Tube weaning can be very difficult.
What is new:
• Weaning as soon as possible and therefore referral to a
multidisciplinary team are recommended.
• An overview of treatment options for tube dependency is presented in
this article.
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Introduction
Eating and drinking are needed to sustain life and ensure
growth [36]. Therefore, enteral nutrition might be needed
when the child is unable to eat, malnourished, or when dietary
measures are insufficient to fulfill nutritional requirements
[18]. Although effective in these situations, when tube feeding
lasts for a longer period, it can lead to difficulties in the transition to normal oral feeding and tube dependency when these
children are medically stable [2, 28, 39].
Tube dependency is an unintended result of long-term enteral feeding [13] and is defined as the active refusal to eat (or
drink), lack of motivation or inability to learn, or showing no
precursors of eating development and skills after long-term
enteral feeding [12, 15, 28]. The child consequently remains
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dependent on the feeding tube, although there are no medical
grounds for the continuation of tube feeding anymore [12, 13].
Common knowledge about the normal feeding process and
development is inevitable to understand how a difficult transition to oral feeding in tube-fed children may arise. Feeding
gradually matures from reflexes in newborns to a voluntary
act at the age of 6–7 months [18]. The normal feeding process
(hunger-satiation system) consists of three phases: (1) the preoral phase in which the child feels hungry, leading to appetite
and nutritional intake; (2) the oro-pharyngeal phase in which
the foods are prepared orally, transported from tongue to pharynx, and swallowed; and (3) the gastro-intestinal phase in
which satiation and digestion occur [23, 32]. A normal feeding process requires a complex interaction between physiological (medical) factors (especially the cardiac, respiratory and
digestive tracts are important), sensorimotor functions, and
parental and pediatric factors [18, 23].
Problems in any of these separate factors can attribute to a
disruption of the normal feeding development in tube-fed children [23, 28], but it may be the subtle interaction between
those factors that causes some of them to remain tube dependent for a long term [28]. In general, tube dependency arises
from a decreased motivation to eat due to a poor perception of
hunger and to satiation by tube feeding, negative experiences
(such as nausea, vomiting, esophagitis, and nasogastric or
endotracheal tube replacement) leading to oral aversion, an
impaired child-caregiver interaction, and reduced positive oral
stimulation (lack of experience). Tube placement at a young
age, receiving tube feeding between the sensitive period for
feeding skills and interest for new foods, and the duration of
the tube feeding are risk factors for this development [15, 28].
The introduction of enteral nutrition, improved techniques,
and advanced medical care has contributed to the survival of
infants and children who would not have survived years ago.
These children have a greater risk of medical complications interfering with the infant’s feeding, and many are fed by tube
feeding. Preterm infants, infants who have chronic medical conditions, infants with tube feeding between the ages 3 and
6 months, and children with long-term tube feeding, are more
at risk of developing severe feeding disorders [6, 32]. Therefore,
tube-dependent children are usually fragile but medically stable
survivors of neonatal intensive care or child surgery [2, 13, 35].
Unfortunately, no data regarding the prevalence and/or incidence
of tube dependency is available, probably due to the fact that tube
dependency is not recognized as a separate disorder in medical
classification systems such as the International Statistical
Classification of Diseases and Related Health Problems (ICD)
or the Diagnostic and Statistical Manual of Mental Disorders
(DSM) in the psychiatric field. Tube feeding dependency, however, should be seen as a severe feeding disorder. In pediatric
medical literature, different definitions and classifications are
used for feeding disorders [5, 22]. Tube-dependent children
may now fulfill the criteria for Bavoidant/restrictive food intake
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disorder^ (ARFID) (see Table 1) according to the DSM-5 [1].
This diagnosis replaces and extends the previously used diagnosis Bfeeding disorder of infancy and early childhood^ of the
DSM-IV-TR [22, 29], which was not sufficient for tubedependent children when Bsignificant weight loss^ or Bfailure
to gain weight^ was prevented by the tube feeding [30].
Besides the absence of a medical reason for continuing
enteral feeding in tube dependency, long-term tube feeding
may also have serious side effects and complications, such
as infections, aspiration, airway blocking, severe feeding disorders, and interaction problems between caregivers and child
(see Table 2) [12, 13, 33]. Parents of children with feeding
disorders often suffer from feeding-related anxiety, and
mothers may show greater attachment insecurity [8, 9].
Dunitz-Scheer reported that the quality of life of these infants
and their families is severely affected [12] and Wright described a highly distressing situation for these parents [40].
In addition, tube feeding is expensive [40]. As a consequence,
tube dependency has significant health-, psychosocial-, and
economy-related effects [3]. Therefore, the prevention of tube
dependency and tube weaning methods is of great importance.

Prevention of tube dependency
Several recommendations to prevent tube dependency and to
provide normal feeding in tube-fed children can be addressed,
Table 1 Criteria DSM-5: avoidant/restrictive food intake disorder
(ARFID) [1]
A. An eating or feeding disturbance (e.g., apparent lack of interest in
eating or food, avoidance based on the sensory characteristics of food,
concern about aversive consequences of eating) as manifested by
persistent failure to meet appropriate nutritional and/or energy needs
associated with one (or more) of the following:
- Significant weight loss (or failure to achieve expected weight gain or
faltering growth in children)
- Significant nutritional deficiency
- Dependence on enteral feeding or oral nutritional supplements
- Marked interference with psychosocial functioning
B. The disturbance is not better explained by lack of available food or by
an associated culturally sanctioned practice.
C. The eating disturbance does not occur exclusively during the course of
anorexia nervosa or bulimia nervosa, and there is no evidence of a
disturbance in the way in which one’s body weight or shape is
experienced.
D. The eating disturbance is not attributable to a concurrent medical
condition or not better explained by another mental disorder. When the
eating disturbance occurs in the context of another condition or
disorder, the severity of the eating disturbance exceeds that routinely
associated with the condition or disorder and warrants additional
clinical attention.
Specify if: in remission: after full criteria for avoidant/restrictive food
intake disorder were previously met, the criteria have not been met for
a sustained period of time.
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Table 2
13, 33]

Side effects and complications of (long-term) tube feeding [12,

Feeding disorders
Selectivity
Tube dependency
Oppositional and aversive behavior
Dysfunctional feeding situations
Interaction problems between parents and child
Gagging
Recurrent daily vomiting
Discomfort
Oversensitivity
Dumping syndrome
Skin eczema
Perforations
Infections
Dislocations
Leakage
Blockage
Aspiration
Airway blocking

mostly based on the normal hunger-satiation system. Goals and
strategies of the tube feeding should be defined and assessed in
each patient, and tube weaning should be discussed when goals
are achieved [12]. Underlying problems such as cow’s milk
allergy or gastroesophageal reflux disease should be diagnosed
and treated properly to avoid aversive experiences [12, 28].
Aiming to maintain the normal hunger-satiation system and
stimulate oral activity and intake, oral feeding supplemented
by tube feeding boluses or nocturnal tube feeding can be given.
Early oral normalization programs should be offered and supervised by a speech-language pathologist or an occupational therapist [12, 16, 33]. Oral feeding skills can be practiced by nonintrusive sucking [12, 33]. The child should be involved in the
mealtime environment with all sensory stimulations of foods
(sight, smell, and sound) and has an adequate social interaction
with family members [18, 28, 33]. When the child is on boluses, the tube feeding should be given at that moment. Forced
feeding and urged feeding should be avoided and forbidden
[12]. When long-term tube feeding is expected, a percutaneous
endoscopic gastrostomy (PEG) could be considered to reduce
negative oral experiences and promote positive oral experiences [12, 18, 28].

Tube weaning methods
The transition from tube to oral feeding (weaning) may take
only several days or weeks, but in others, it can be very challenging, lasting months to years [2, 18, 28, 39]. Since weaning
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can be very difficult, it is best accomplished with a multidisciplinary approach, including health care workers in the field of
pediatrics, dietetics, psychology, speech-language pathology,
and/or occupational therapy [15, 31, 38]. The pediatrician is
responsible for the overall medical well-being of the child and
will take care of medical problems, diagnostics, consultations,
and medication. Furthermore, in most teams, the pediatrician
coordinates the feeding team [15, 38]. The dietician monitors
the nutritional intake including micronutrients and anthropometrics and will assist in developing a weaning plan [15, 18].
The psychologist determines the psychological and behavioral
aspects of both child and their parents concerning feeding including cultural expectations, mealtime behaviors, and comorbid psychiatric diagnoses and can implement behavioral therapies [15, 38]. The speech-language pathologist will assess
whether a child has the skills to feed itself safely and will therefore evaluate the oral motor feeding skills including
swallowing. Furthermore, the speech-language pathologist
can implement an oral motor program to improve swallowing
or chewing coordination, treat feeding-related maladaptive behavior, and improve oral tolerance [15, 18]. In some feeding
teams, an occupational therapist evaluates aspects concerning
oral sensory, oral motor, and positioning of the child [15].
Multidisciplinary interventions for feeding disorders consist of parental teaching, nutritional, oral motor, sensory integration therapy, and behavioral and other psychological interventions [3, 15, 26, 33]. In most studies, tube dependency is
treated with behavioral interventions, such as family-based
therapy, individual behavior therapy, neuro-linguistic programming, and parental anxiety reduction [3, 7, 25, 26, 34,
40]. Behavioral interventions are helpful in increasing oral
intake and reducing fear of swallowing after a period of enteral feeding [3]. Several other behavioral strategies can be
used: structured meals, social modeling, and positive reinforcement [14]. Attractive looking meals and favorite tastes,
seeing other people eating (for instance other children at the
daycare), and being in a room where meals normally occur
can increase the intake [28].
Besides behavioral interventions, stimulating appetite is
essential for tube weaning [14]. Some appetite-inducing
methods are also mentioned in the paragraph BPrevention of
tube dependency^ since these can be used both as prevention
and treatment for tube weaning. Both boluses at daytime and
continuous feeding at night can be used to stimulate appetite.
When the child is on boluses at daytime, food should be offered orally before delivering the tube feeding to stimulate oral
intake. On the other hand, feeding the child continuously by
tube at night may stimulate oral intake during daytime.
Another beneficial effect of nocturnal tube feeding is that the
child is less aware of the tube feeding. When the child accepts
some food orally, the total caloric intake of the tube feeding,
which the child receives in 24 h, can be reduced to stimulate
oral intake [28].
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When earlier mentioned methods have not been successful,
patients can be referred to a more intensive weaning program.
Several studies use reducing or discontinuing tube feeding for
appetite stimulation as a weaning method [4, 7, 20, 21, 39].
Various hunger-inducing weaning programs exist internationally, which may be home based [26, 38] or clinical [4, 7, 20].
However, there is limited literature regarding the efficacy and
safety of these programs [17].

Hunger-inducing weaning programs
Hunger-inducing methods for tube weaning are based on hunger induction given the fact that tube feeding reduces the
child’s motivation to eat and drink. The control center for
appetite is located in the hypothalamus, and appetite is stimulated by energy intake reduction, which will lead to feeding in
healthy children within a few hours. Hunger requires a complex interaction of sensory input, limbic and cortical modulators, visceral feedback, and hormonal effects [37]. Rapid
weaning of the tube feeding stimulates the experience of hunger, which is required to cure oral feeding aversion. Creating
and stimulating hunger is the drive to start eating. This process
is thought to become more complicated when tube dependency exists for a longer period [20].
One of the published models is the so-called Graz-model,
which is based on two principles: inducing hunger by gradually reducing tube-fed volume (physical) and strengthening
the child’s autonomy (psychodynamic). Individual and group
interventions occur within a 3-week inpatient program (socalled eating schools). The child will be exposed to attractive
small colorful dishes and the child’s autonomy is supported
without any kind of forced feeding and is as nondirective as
possible [12]. Recently, this model was also implemented in a
web-based method (net coaching). No significant differences
were found between patients (aged 0.21–23.65 years) regarding the success of complete weaning between net coaching
(90.5%) and the inpatient program (81.3%) [27].
Another hunger-inducing program is the Dutch so-called
clinical hunger provocation program, which contains an inpatient tube weaning program during the period of 2–3 weeks
[20, 24]. This is supported by a multidisciplinary team
consisting of a pediatric gastroenterologist, speech-language
pathologist, dietician, clinical psychologist child life specialist, and specialized nurses. During the first step, 50% of the
normal tube feeding is given by tube by boluses. During the
second step, oral feeding is offered by a nurse before the tube
feeding boluses. During steps 3 and 4, respectively, tube feeding and insensible loss are given at night. Parents can offer the
oral feeding when the child has started to eat. In a pilot study,
ten children (aged 9–21 months; mean 15.7 months) started to
eat within the first week. After 6 months, 80% were still eating
adequately and gaining weight without tube feeding [24].
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Based on these findings, a new, randomized controlled crossover study of 22 patients (aged 11–26 months; mean
16.3 months) was performed. This study showed an 86%
(n = 18/21) efficacy (successful weaning) in the hunger provocation group (P < 0.001) compared to 9% (n = 1/11) in the
control group (outpatient treatment by the same multidisciplinary team and tube feeding reduction of 20–25%) after
6 months. All these patients also showed weight gain during
this follow-up period [20].
A German study analyzed the follow-up for 1–3 years (median 2 years) after rapid home-based weaning (4–10 days) of
tube-dependent children (aged 5–57 months; median
16 months). In this program, hunger is induced by gradually
reducing the total original fluids and nutrition in 5 days until
50% of original amount is achieved; after which, tube feeds
are completely ceased (or reduced to minimally indicated minimal amount). At follow-up, 84.6% (n = 33/39) of patients
were fully tube free, 5.1% needed a tube for fluids or medication only, and 10.2% were still tube fed [39]. To our knowledge, no other studies analyzing long-term effects of hungerinducing programs are published so far.

Medication
There is no data of how frequent medication is used to wean
off tube feeding. Literature on this topic is scarce [19].
A gastrostomy tube weaning program in the USA used
cyproheptadine as appetite stimulant in combination with a
multidisciplinary approach 19 days during inpatient program
in which tube feeds were also reduced. At discharge, 90% and
after a year 83% of 30 patients (ages 3.9 ± 1.4 years) had
discontinued gastrostomy tube feedings [4].
Davis et al. described a pain rehabilitation model in their
14 weeks during outpatient program in which tricyclic antidepressant (ig amitriptyline) and/or gabapentin, and appetite
stimulant megestrol were prescribed. They hypothesized that
food refusal could be the result of abdominal discomfort
which is worsened by eating, due to pain nerve sensitization
with hyperalgesia and allodynia in medically fragile toddlers
[10]. In addition, tube feeding was progressively reduced and
all nine children were successfully (receiving 100% of their
intake orally) weaned [10]. However, a more recent randomized controlled trial of Davis et al. showed all patients
transitioned to oral feeding regardless of group assignment
(placebo or amitriptyline), suggesting that amitriptyline is
not necessary for the transition [11].
A case report described two 24-month-old twin girls with
food refusal and fear of feeding, who started to eat 2 months
after the start of fluoxetine (an SSRI) to target anxiety and fear
of feeding [8].
Another case series of three patients with feeding disorders
showed an increased oral intake and weight gain due to
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risperidone, after which enteral support was discontinued in
two patients and reduced in one patient [19].
We do not recommend the use of medication for tube
weaning so far as limited evidence on pharmacologic interventions is available and due to possible side effects, such as
CNS depression, sleep disturbances, drowsiness, palpitations,
respiratory infections, gastro-intestinal complaints, and anticholinergic effects.
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