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Background: Children dependent on gastrostomy tube feeding 
and those with extremely selective eating comprise the most 
challenging groups of early childhood eating disorders. We 
established, for the first time in Israel, a 3 week intensive wean- 
ing and treatment program for these patients based on the 
“Graz model.”
Objectives: To investigate the Graz model for tube weaning 
and for treating severe selective eating disorders in one center 
in Israel. 
methods: Pre-program assessment of patients’ suitability to 
participate was performed 3 months prior to the study, and a 
treatment goal was set for each patient. The program included 
a multidisciplinary outpatient or inpatient 3 week treatment 
course. The major outcome measures were achievement of 
the target goal of complete or partial tube weaning for those 
with tube dependency, and expansion of the child’s nutritional 
diversity for those with selective eating. 
results: Thirty-four children, 28 with tube dependency and 6 
with selective eating, participated in four programs conducted 
over 24 months. Their mean age was 4.3 ± 0.37 years. Of all 
patients, 29 (85%) achieved the target goal (24 who were tube-
dependent and 5 selective eaters). One patient was excluded 
due to aspiration pneumonia. After 6 months follow-up, 24 of 26  
available patients (92%) maintained their target or improved. 
conclusions: This intensive 3 week program was highly effect- 
ive in weaning children with gastrostomy tube dependency and 
ameliorating severe selective eating. Preliminary evaluation 
of the family is necessary for completion of the program and 
achieving the child’s personal goal, as are an experienced 
multidisciplinary team and the appropriate hospital setup, i.e., 
inpatient or outpatient. 
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t he provision of adequate calories and essential nutrients is 
vital for childhood growth and development. Oral intake 

is ideal, but for children or infants who cannot receive their 
nutritional requirements orally, nutritional support by enteral 
or parenteral nutrition is recommended. These patients may 
need permanent or temporary tube feeding, depending on 
their medical condition. 

Delivery modes of enteral nutrition include nasogastric/
duodenal tubes, or, for longer periods, insertion of gastrostomy 
or jejunostomy tubes [1]. The common indication for enteral 
nutrition is either medical (e.g., complicated prematurity, neu-
rodevelopment disorders, congenital malformations, metabolic 
disorders, chromosomal abnormalities), or interactive (e.g., 
food refusal due to irregular relationship with caregiver, autistic 
behavior, post-traumatic reaction, food phobia, severe infantile 
anorexia). More often than not, long-term tube feeding results 
in tube dependency, defined as more than 3 months of tube 
feeding, without any medical condition that could interfere 
with eating or swallowing, and includes active food refusal, 
tactile and oral oversensitivity, and inability to develop eating 
skills [2,3]. Factors believed to delay tube weaning include a 
disrupted normal hunger-satiation cycle, limited experience 
with oral feeding, development of oral aversion and oral motor 
dysfunction, parental anxiety, and emotional inability of care-
givers to decrease tube feeding [4,5]. Early intervention in tube 
dependency is essential for successful early weaning. Previous 
studies have shown that weaning attempts after age 5 years is 
associated with slow or failed weaning [5,6]. 

While no treatment approach is universally recognized as 
effective for tube weaning, a few models have been reported: 
•	 Outpatient clinics with medical or multidisciplinary team 

consultation allowing slow changes over months or years, 
in the home environment

•	 Intensive and short inpatient program with 10–21 days of 
intensive medical and multidisciplinary supervision. This 
approach is appropriate for more complex patients or par-
ents with a high degree of anxiety [7-10]

•	 Short and intensive outpatient program for 3 weeks [9]
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•	 Weaning program using net coaching, with daily video 
communications, at home, for 1–2 months [10]

•	 Rapid home-based weaning with a therapist staying in the 
family home for 10 days in the natural environment of the 
child and with the collaboration of local services [11].

Another group of children requiring intervention are those 
with severe eating disorders. These include highly selective 
eaters, children with food phobia, or children suffering from 
post-traumatic stress disorder with psychological stressors. 
The treatment programs for these patients should include 
relaxation procedures, systematic food desensitization, gradual 
introduction of foods, and family therapy [12,13]. Current 
information concerning this group of eating disorders is scarce. 
The Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM V), classifies eating disorders of infancy and 
early childhood in a new chapter entitled “Avoidant/restric-
tive food intake disorder: 307.59,” offering a new algorithm 
for classification. However, this chapter is not detailed enough 
to guide a therapeutic approach, and the picky eater category 
was not included [14]. 

In 2012 the Early Childhood Eating Disorders Unit at Safra 
Children’s Hospital initiated a tube-weaning intensive program 
based on the “Graz model” [15-17]. Our unit is a referral center 
for complex patients, including many with previous failure of 
weaning in slow outpatient programs. We therefore chose to 
use the intensive Graz program for tube weaning. 

The “Graz model” is based on the principle of establishing 
self-regulated oral intake. The increase in oral intake is based 
on the allowance of hunger due to rapid reduction of food 
intake by tube. The main focus is on the close links between the 
medical, biosocial and psychodynamic aspects of tube depen-
dency. The program is conducted by a multidisciplinary team 
that includes pediatricians, a dietician, physical therapists, 
occupational therapists, a speech therapist, a music therapist, 
a medical clown, hydrotherapists, and a psychosocial team giv-
ing full support to the child and his or her family. We describe 
here our single-center experience using the Graz model for 
tube weaning and treating severe selective eating disorders. 

Patients and metHOds
This was a retrospective cohort study of patients who partici-
pated in the intensive tube weaning or severe selective eating 
programs at the Early Childhood Eating Disorders Unit from 
November 2012 to December 2014. Children with full or par-
tial tube dependency or with severe selective eating were evalu-
ated by the feeding team and clinically assessed 3 months prior 
to the program. The evaluation included nutritional status, 
cardiopulmonary problems, the presence of gastro-esophageal 
reflux disease, metabolic problems, assessment of swallowing 
(clinical and/or radiological), and a feeding observation. The 

principles of the program were explained to the parents. After 
the initial evaluation, a decision was made regarding inclusion 
in the program and whether the setting would be on an inpa-
tient or outpatient basis.

inclusiOn criteria
The children had to be in a satisfactory nutritional state and 
have the necessary oral skills for eating. The families had 
to express a positive attitude toward participating in the 
program. Patients with severe unstable underlying disease, 
suspected aspiration during swallowing, or malnutrition, or 
whose parents expressed the emotional inability to reduce 
tube feeding were excluded. 

tHe graz mOdel
This treatment model is based on intensive (3-4 daily visits 
per week) inpatient or outpatient treatment for 3 weeks given 
by a multidisciplinary team and excludes any kind of force 
feeding. The principle is the establishment of self-regulated 
oral intake. The increase in oral intake is based on the allow-
ance of hunger by a rapid reduction of food intake by tube. 
The parents are told not to force-feed their children and are 
instructed how to recognize and understand their child’s 
hunger cues. The child can visualize, smell and touch food all 
day long, but is never told to eat. The contact with food occurs 
at the child’s will. The main intervention is the promotion of 
hunger by reducing tube feeding by 50% within 1–3 days in 
a supervised setting, non-invasive monitoring of the child’s 
medical condition, and full support of the child’s capacity for 
autonomous food exploration and self-regulation of intake. 
Assistance by other disciplines – speech therapy, occupational 
therapy, physical therapy, music therapy, hydrotherapy, as well 
as medical clowns – helps to reduce objections, treat abnormal 
behaviors, decrease oral sensitivity and improve swallowing. 
Hydrotherapy facilitates relaxing and improving child-parent 
interaction and communication, and the medical clowns help 
mainly in lessening objections. Psychosocial support is offered 
to children and parents. Each day a one hour “play picnic” is 
held with the children-parents group at noontime. Finger food 
is presented and touching or playing with it is encouraged with-
out reinforcement. The staff and the parents eat together with 
the children. The daily schedule of the children is standardized, 
with four to six individual and group treatment sessions per 
day. All children receive the same time schedule for treatment 
with each discipline. A typical schedule is shown in Table 1.

After the program, follow-up is continued weekly for 2–4 
weeks, and every 2–4 weeks thereafter depending on the deci-
sion of the team and parents.

OutcOme measures
The primary outcome was weaning from tube feeding and/
or independent eating for the tube-dependent patients, and 
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table 3. Outcomes in tube-dependent and severe selective eating 
groups

tube 
dependency
(n=28)

severe 
selective 
eating 
(n=6)

Complete weaning 12 Significant improvement 5

Partial weaning 15 No change 1

Complications 1 Complications 0

acterized), prematurity, developmental delay, gastrointestinal 
pathologies (hiatus hernia, congenital intestinal obstruction), 
cardiopulmonary disease (pulmonary hypertension, arterial 
septal defect), and pervasive developmental disorder. The 
patient’s clinical and demographic characteristics are summa-
rized in Table 2. 

The tube-weaning target set for patients with tube depen-
dency was complete weaning for 15 patients and partial wean-
ing for 13. The partial weaning target was set for metabolic 
conditions, such as persistent hyperinsulinemic hypoglycemia 
of infancy or glycogen storage diseases, where the goal was 
complete day weaning but continuous night feeds to avoid 
hypoglycemia. In order for patients with genetic diseases and 
a poor prognosis to practice oral and sensory skills, the goal 
was to reach tasting only.

Of the 28 tube-dependent children, 24 (86%) achieved 
the target goal, 4 did not reach the desired result, and 1 was 
excluded during the program due to aspiration pneumonia. 
No correlation was found between the patient’s diagnosis and 
the weaning outcome. This may be due to the small number 
of patients in each group, which limited statistical evalua-
tion. Of the six patients with severe selective eating, 5 (84%) 
achieved a significant improvement in eating and one was 
unchanged [Table 3]. Follow-up after 6 months was available 
for 26 patients; 24 (92%) maintained or improved the result 
achieved in the program.

discussiOn 
Enteral feeding is an efficient means of nutritional rehabilita-
tion; however, one of the long-term consequences of enteral 

improvement of food variety for the severe selective eaters. The 
secondary outcome for the former group was a partial response, 
namely, a reduction of at least 50% in tube feeding. 

results
During the period November 2012 to November 2014, four 
weaning programs were conducted. The participants were 34 
consecutive children: 24 boys and 10 girls aged 4.3 ± 0.37 years 
(range 0.5–17.5, median 2.8). The patients had been either 
previously followed at our institution or were referred from 
other hospitals in Israel where they had failed previous wean-
ing attempts. Twenty-eight children were tube-dependent and 6 
were severe selective eaters. Seven were treated as inpatients and 
27 as outpatients. The background diseases included metabolic 
syndromes (glycogen storage disease 1A), congenital hyperin-
sulinemia, genetic syndromes (cardio-facial-cutaneous,familial 
dysautonomytrisomy 21, Costello syndrome, central nervous 
system neurotransmitter deficiency, Emanuel syndrome, con-
genital hemophagocytic syndrome, papillomatosis, and unchar-

table 1. A typical weekly schedule of treatment during the tube-weaning course

sunday monday tuesday wednesday thursday

08:00-09:00 Swimming pool – Hydrotherapy

09:00-09:30 Morning picnic with parents group 

09:30-12:00 Medical rounds

12:00-13:00 Play picnic

13:00-14:00 Speech therapy Speech therapy Music therapy Speech therapy Parents group

14:00-15:00 Music therapy Occupational therapy Occupational therapy Music therapy

table 2. Demographic and clinical characteristics of the study 
population

tube 
dependency
n=28

severe selective 
eating
n=6

Age (years) 3.93.1 (0.6–12.6) 6.5 ± 5.7 (2.1–17.6)

Gender (Male:Female) 19:9 5:1

diagnosis no. of patients

Prematurity 3 1

Metabolic syndromes 5

Congenital hyperinsulinemia 4

Developmental delay 2 1

Genetic syndromes 10

Gastrointestinal pathologies 2

Heart/Lung pathologies 3

Pervasive developmental disorder 1

Other 3 3 (healthy)
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•	 Assessment of the parent-child interaction should be a 
significant element in treating the tube-fed child. 

Multiple non-randomized studies suggest that successful 
weaning can be achieved with a combination of caloric reduc-
tion in tube feedings and behavioral modifications. Our program 
fulfills these principles. Our experience so far suggests that the 
preliminary evaluation of the patient, preparation of the family’s 
expectations, and individual tailoring of treatment with a mul-
tidisciplinary team are key factors for successful tube weaning. 

Eating-behavioral disorders, including selective eating, are 
common during early childhood. In some cases, if left untreated, 
these disorders may result in long-term anorexia, growth dis-
turbance, conduct disorders, food preferences, and macro- or 
micronutrient deficiencies [20]. A recent review discussed two 
aspects of selective eating treatment: dietician’s assessment and 
behavioral therapy [20]. In our intensive program those aspects 
are addressed and, in addition, relaxation therapies such as 
hydrotherapy, music therapy, and medical clowns are used to 
reduce sensory hypersensitivity. In addition, post-traumatic 
reaction or abnormal family dynamics are treated by the psy-
chosocial team. We treated a small group of six patients who 
failed previous therapy and the result was a marked improve-
ment in 5 of the 6 (84%).

The limitations of the current study include the small num-
ber of patients and the lack of a control method. However, no 
controlled trials are available, and this is the first report of this 
type of program in Israel, which achieved similar results to those 
reported for the Graz method [9,10]. 

In conclusion, an intensive 3 week multidisciplinary program 
is highly effective for tube weaning in tube-dependent children 
and expanding selectivity in those with severe selective eating. 
Preliminary assessment of the child and the family’s compat-
ibility for the program, and setting of a personal goal for each 
patient were key factors for success. A prospective study is 
needed to validate the results. 

acknowledgments
We thank the participating team members for their devotion, enthusi-
asm and excellent professional skills, which were key to the success of 
the program: Ronit Sarig-Klein MA, Mirta David MSW, llana Kafkafi-
Artzi MA CCC/SLP, Anat Hamburger MA CCC/SLP, Chen Arzoni 
BPT, Caroline Barmatz MHA BPT HT, Lilach Nachum, Liat Sherman 
MA, and Tali Yosefovich MA. 

correspondence
dr. B. weiss
Director, Pediatric Gastroenterology and Nutrition Unit, Safra Children’s 
Hospital, Tel Hashomer 52625, Israel 
telefax: (972-3) 53-02883
email: weissb@sheba.health.gov.il

references
1. Gottrand F, Sullivan PB. Gastrostomy tube feeding: when to start, what to 

feed and how to stop. Eur J Clin Nutr 2010; 64: S17-21.

feeding is tube dependency. The ideal approach is to prevent 
tube dependency and to treat it as soon as possible. In our study 
reported here, 34 patients (28 of them tube-dependent) with 
complicated baseline diseases were treated intensively in one 
center according to the Graz model. During the intensive treat-
ment period, 85% of them achieved their target goals: 12 (43%) 
reached complete weaning and 15 (53%) partial weaning. In 
addition, we intensively treated six children with severe picky 
eating, with improvement in 5 (83%). 

Several methods for tube weaning are reported in the lit-
erature. Outpatient clinics with medical or multidisciplinary 
teams have the advantage of maintaining a normal routine 
and low stress level for families, but months to years are usu-
ally required to achieve tube weaning and the compliance and 
success rates are low. Other methods are the inpatient rapid 
program of 10–21 days and the outpatient 3 week intensive 
program. These two methods enable rapid and more intense 
weaning. In both, but especially the inpatient method, there 
is close medical supervision that allows the inclusion of more 
complex patients, as well as better cooperation of parents with 
a high level of anxiety. The success rates of both methods are 
in the range of 82–90% [7-9]. Most of the described methods 
relate to case series and there is a lack of comparable study. A 
recent method using the internet is “net coaching” which takes 
1–2 months. This method is more convenient for the patient and 
family since it is practiced in the patient’s natural environment; 
it had a high success rate of 92% in one study [10]. Another 
method reported by Wilken et al. [11] is home-based weaning 
with a therapist staying in the patient’s home for 10 days and 
collaborating with the local services. This method was used in 
39 patients; their median age was 16 months and the median 
duration of tube feeding 15 months. The success rate of resum-
ing full oral feeding was 89.7% [11]. The possibility of controlled 
studies comparing methods is limited due to differences in the 
patients’ disease severity and baseline characteristics.

A recent review [18] summarized the evidence regarding 
aspects of tube feeding that are not covered by the ESPGHAN 
guidelines [19]. Based on the limited available evidence the 
authors propose the following principles for tube weaning: 
•	 Age and degree of exposure to oral feeding experiences may 

affect the prognosis for tube weaning 
•	 A multidisciplinary approach is advisable and should ide-

ally involve the collaboration of a pediatric gastroenter-
ologist, psychologist, dietician, occupational therapist, and 
speech language pathologist

•	 Behavioral and physical characteristics must be known 
and should be evaluated before attempting tube weaning, 
including ability of the child to sit at a table, accept a bite, 
and adhere to the concept of structured mealtimes

•	 Diagnosis and treatment of underlying chronic illness are 
an important part of assessing a child for readiness to wean 
off tube feedings



Original articles

 335

IMAJ • VOL 18 • june 2016

without deceleration of growth. Arch Dis Child 2013; 98: 856-61.
12. Ahearn WH, Castine T, Nault K, Green G. An assessment of food acceptance 

in children with autism or pervasive developmental disorder-not otherwise 
specified. J Autism Dev Disord 2001; 31: 505-11.

13. Williams KE, Riegel K, Gibbons B, et al. Intensive behavioral treatment for 
severe feeding problems: a cost-effective alternative to tube feeding? J Dev 
Phys Disabil 2007; 19: 227-35.

14. American Psychiatric Association. DSM-5 Development [Internet]. 
Arlington: American Psychiatric Association; accessed 2014 Oct 21 Available 
from: http://www.dsm5.org/Pages/Default.aspx

15. Dunitz-Scheer M, Wilken M, Lamm B, et al. Sondenentwöhnung in der 
frühen Kindheit. Monatsschrift Kinderheilkunde 2001; 149: 1348-59.

16. Trabi T, Dunitz-Scheer M, Scheer P. Tube weaning according to the Graz-
model: a retrospective analysis of 124 patients from 1999 to 2005 [Abstract]. 
Eur J Pediatr 2006; 165: 220.

17. Burmucic K, Trabi T, Deutschmann A, Scheer PJ, Dunitz-Scheer M. Tube 
weaning according to the Graz Model in two children with Alagille syndrome. 
Pediatr Transplant 2006; 10: 934-7.

18. Edwards S, Davis AM, Bruce A, et al. Caring for tube-fed children: a review of 
management, tube weaning, and emotional considerations [Review]. J Parenter 
Enteral Nutr 2015 Mar 19. pii: 0148607115577449. [Epub ahead of print]. 

19. Braegger C, Decsi T, Dias JA, et al. Practical approach to paediatric enteral 
nutrition: a comment by the ESPGHAN committee on nutrition. J Pediatr 
Gastroenterol Nutr 2010; 51: 110-22.

20. Green RJ, Samy G, Vandenplas Y, et al. How to improve eating behavior during 
early childhood. Pediatr Gastroenterol Hepatol Nutr 2015; 18: 1-9.

2. Dunitz-Scheer M, Levine A, Roth Y, et al. Prevention and treatment of tube 
dependency in infancy and early childhood. ICAN Infant Child Adolesc Nutr 
2009; 1: 73-82.

3. Dunitz-Scheer M, Marinschek S, Beckenbach H, Kratky E, Hauer A, Scheer 
P. Tube dependence: a reactive eating behavior disorder. ICAN Infant Child 
Adolesc Nutr 2011; 3: 209-15.

4. Miller CK. Updates on pediatric feeding and swallowing problems [Review]. 
Curr Opin Otolaryngol Head Neck Surg 2009; 17: 194-9.

5. Wright CM, Smith KH, Morrison J. Withdrawing feed from children on long 
term enteral feeding: factors associated with success and failure. Arch Dis 
Child 2011; 96: 433-9.

6. Ishizaki A, Hironaka S, Tatsuno M, Mukai Y. Characteristics of and weaning 
strategies in tube-dependent children. Pediatr Int 2013; 55: 208-13.

7. Blackman JA, Christy N. Rapid introduction of oral feeding to tube-fed 
patients. J Dev Behav Pediatr 1987; 8: 63-7.

8. Silverman AH, Kirby M, Clifford L, et al. Nutritional and psychosocial outcome 
of gastrostomy tube-dependent children completing an intensive inpatient 
behavioral treatment program. J Pediatr Gastroenterol Nutr 2013; 57: 668-72.

9. Trabi T, Dunitz-Scheer M, Tappauf M, et al. Inpatient tube weaning in children 
with long term feeding tube dependency: retrospective analysis. Infant Mental 
Health J 2010; 31: 664-81.

10. Marinschek S, Dunitz-Scheer M, Pahsini K, Geher B, Scheer P. Weaning children 
off enteral nutrition by netcoaching versus onsite treatment: a comparative study. 
J Pediatr Child Health 2014; 50: 902-7. 

11. Wilken M, Cremer V, Berry J, Bartmann P. Rapid home-based weaning of small 
children with feeding tube dependency: positive effects on feeding behavior 

Coronary heart disease is a tale of two forms of plasma 
cholesterol. In contrast to the well-established effects of 
“bad” cholesterol (LDL-C), the role of “good” cholesterol 
(HDL-C) is mysterious. Elevated HDL-C correlates with a lower 
risk of heart disease, yet drugs that raise HDL-C levels do 
not reduce risk. Zanoni et al. found that some people with 
exceptionally high levels of HDL-C carry a rare sequence 

variant in the gene encoding the major HDL-C receptor, 
scavenger receptor BI. This variant destroys the receptor's 
ability to take up HDL-C. Interestingly, people with this 
variant have a higher risk of heart disease despite having 
high levels of HDL-C.

Science 2016; 351: 1166

Eitan Israeli

capsule

a scavenger that protects the heart

Cancer cells often display alterations in metabolism that 
help fuel their growth. Such metabolic “rewiring” may also 
work against the cancer cells, however, by creating new 
vulnerabilities that can be exploited therapeutically. A variety 
of human tumors show changes in methionine metabolism 
caused by loss of the gene coding for 5-methylthioadenosine 
phosphorylase (MTAP). Mavrakis et al. and Kryukov et al. found  

that the loss of MTAP renders cancer cell lines sensitive to 
growth inhibition by compounds that suppress the activity of a 
specific arginine methyltransferase called PRMT5. Conceivably, 
drugs that inhibit PRMT5 activity could be developed into a 
tailored therapy for MTAP-deficient tumors.

Science 2016; 351: 1208 & 1214 
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tumors put in a vulnerable position

“there can be no keener revelation of a society’s soul than the way in which it treats its children”
Nelson Mandela (1918-2013), South African anti-apartheid revolutionary, politician and philanthropist, who served as President 

of South Africa from 1994 to 1999. He was the country’s first black chief executive, and the first elected in a fully  
representative democratic election. His government focused on dismantling the legacy of apartheid 

 through tackling institutionalized racism and fostering racial reconciliation




